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Determination of trace cadmium in alloy by matrix precipitation

separation- quadrupole plasma mass spectrometry

NA Duo"- %", Gao Huiying"?,LI Hui',ZHANG Zhongyuan'

1. Institute of metal research, Chinese academy of sciences, Shenyang 110016, China, 2. School of
Materials Science and Engineering, University of Science and Technology of China, Shenyang
110016, China

ABSTRACT: Inductively coupled plasma quadrupole mass spectrometry was used to determine
trace amounts of cadmium in superalloy, when the matrix was simply separated by a small amount
of reagents. The interference of coexisting elements, the amount of acetic acid-ammonium acetate
buffer solution, the amount of lead acetate precipitation solution, the precipitation standing
temperature and time and other condition tests were studied. Specific surface area of the precipitate
formed was determined so that the element would not be adsorbed. Scanning electron microscopy
EDS analysis were performed on the filtered precipitate, while no characteristic peaks of cadmium
and its compounds were found. According to the experimental method, the cadmium in the actual
samples of different grades of superalloy was measured and the method was compared by Graphite
furnace atomic absorption spectrometry. The results showed that the measurement results of the two
methods were basically the same. The method improves the mass spectrum signal interference of
trace cadmium, so the lower limit of determination reaches 0.00002 %. In order to verify the
effectiveness of this method, the standard material of superalloy (GBW01619-01620) was analyzed,
and the measured value was in good agreement with the certified value, and the result of the
precision test RSD (n=9)<10%.

KEY WORDS: Quadrupole; Plasma mass spectrometry; Superalloy; Trace cadmium; Separation
by precipitation.
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Standardless Quantitative Analysis of Trace Elements in High Purity

Gold by Using Glow Discharge Mass Spectrometry

Jianying Zhang'*, Tao Zhou!, Yichuan Tang!, Yanjie Cui', Bing Wu!
1. National Institute of Metrology China, Beijing 100029, China

ABSTRACT: High purity gold is increasingly used in electronic industrial field, because of its
outstanding resistance to corrosion or oxidation, and high thermal and electrical conductivity etc.
The commonly used method for trace elemental analysis in gold was based on wet methods such as
ICP-MS and ICP-OES which were characterized as time-consuming and high detection limits. Glow
discharge mass spectrometry (GD-MS) as a solid-sample technique, is a powerful tool for trace
elemental analysis in high purity materials due to its high sensitivity and low detection. However, it
is difficult for qualification because of the lack of suitable reference materials. The relative
sensitivity factors (RSF) were commonly used to correct the differences of elemental responses. In
this work, the matrix effect in GD-MS was studied based on analyzing 16 CRMs which represented
9 matrices and concluded 30 elements. The relative deviations of 30 elements between the analytical
results calibrated by using RSFs derived from Cu matrix and certified values were mostly ranged
with +-30% intervals, which demonstrated that the matrix effect in GD-MS was not obvious.
Therefore, the RSFs derived from Cu matrix could be used for qualification of gold samples and the
uncertainty of 30% should be given. The method validation was carried out by using the gold CRM
EB507 and the results showed that within 30% intervals good agreement was obtained. Finally, high
purity gold was determined by using the established standardless quantitative analysis method. The
results were compared with those obtained from HR-ICP-MS and good agreement was shown. The
established standardless GD-MS method would be useful and could meet the requirements of GB/
T 25933-2010 for high purity gold.

KEY WORDS: Glow discharge mass spectrometry; matrix effect; high purity gold; standardless
analysis; relative sensitivity factors.
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Fig. 1 Comparison of analytical results by using standardless GD-MS and certified values (left) or

results by using HR-ICP-MS (right)
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Rapid Analysis of Trace Elements in High Purity Cadmium Telluride

by Using Glow Discharge Mass Spectrometry

Jianying Zhang'*, Tao Zhou!, Yichuan Tang!, Yanjie Cui', Bing Wu!
1. National Institute of Metrology China, Beijing 100029, China

ABSTRACT: High purity cadmium telluride (CdTe) as a type of semiconductor material is
increasingly used in solar cell field, because of its outstanding photoelectric conversion efficiency.
The commonly used method for trace elemental analysis in CdTe was based on ICP-MS which
characterized time-consuming, high detection limits and high risk of elemental loss and
contamination. Glow discharge mass spectrometry (GD-MS) as a solid-sample technique, is a
powerful tool for trace elemental analysis in high purity materials due to its high sensitivity and low
detection. However, it is difficult for direct analysis of non-conductive or some semi-conductive
materials because the samples serve as the cathode in GD. The secondary cathode method and
doping method were commonly used to serve as auxiliary conductors. In this work, the secondary
cathode GD-MS method was established and the results by analyzing high purity CdTe were
compared with those obtained by doping GD-MS method and ICP-MS method. It showed that good
agreement was obtained for the three methods, but for the cathode method lower limits of detection
were obtained. The established rapid analysis method would be useful and could meet the
requirements of YS/ T 838-2012 for high purity CdTe.

KEY WORDS: Glow discharge mass spectrometry; secondary cathode method; high purity
cadmium telluride; rapid analysis.

Table 1 Comparison of analytical results (mg/kg) of high purity CdTe by using secondary cathode
GD-MS and doping GD-MS and ICP-MS methods.
Element 1# 2# 3# Element 1# 2# 3#
B <0.039 <0.12 <0.1 As 0.005 0.02 <0.1
Na 0.16 <095 <05 Se 089 048 <1
Mg 0.048 <0.15 <0.1 Ag 0.20 0.25 <0.05

Al 053 <0.63 <0.1 In 0.15 NA <0.5
Ca 019 <038 <0.2 Sn 0.011 <0.03 <0.1
Cr 0.11 0.13 <01 Sh <035 0.03 <01
Mn 0.020 <0.01 <0.05 Ba 0.001 0.03 <01
Fe 0.25 <22 014 Tl 0.007 NA <0.1
Ni 0.18 0.15 0.15 Pb 0.071 <0.04 <0.1
Cu NA NA <0.1 Bi 0035 001 <01

Zn 0.044 <020 <01
Note: 1#, 2#, 3# represented secondary cathode GD-MS, doping GD-MS and ICP-MS method, respectively.
Financial support by the National key R&D program of China (project 2019YFF0217101) is gratefully

acknowledged.
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BRI 98 B RS BOR K BL A
Bfia o

1. HHETEYEE A B FE AT, PUITEARFH, 621900

A RHE % 2 B 5K 3 22 A FNEE IR A 1 DG 8 SR, 356 TR AR & AL 23 B FH 45 44
RAEXIRZATRL IR A BB o TR R BE S IR e m R & & R R F 5 A At ik
AER, TR R E T EEAER

TERZAM BHIE FE R RS AT B R S S 7 T, AR E AL NN 1. T AE
SRR A R B T 22 AR H R, BRI T B, R TR S RO, SEIL T
W0 ng ZaAE S B RO 2 F FEVERR I & 2. BlADRLR I U 2@ WO IE v 5 A Bk,
i SIMS 7E R KRN A/ A6 ) UN T UON, HREM Al Ca ZE4 0 AE A A 1 1
%o 3. HETAEFUE T REEAMSE K, SEEISTHEA TR, BT RS R
THRS, KT —E8A B FHUA AR, SEI 7% i o 28 A i R S50
DA, B o B2 B L VAT L R I E A T BRI, B T — & S HE AR g,
SHEERORT 1300, FEE LT 0.5%.

12 FIRFF T TAE R, S T BRI 5 (0 T 1 2 B 7325, TR T A R R A 2=
A2 5 TR A AR 8 77, IR T P BA RS SR RAZ AR o PR B AR R, A% LA 72
HH 1) TR R FIRHAIE AU T BR CR

KRB AR B N

S5 30k

1. Ling Zhang, Penghui Xiong, Hailu Zhang, Lumin Chen, Jie Xu, Haoxi Wu and Zhen Qin, Anal.
Chem, 2019, 91, 7215-7225.

2. Xinjian Wei, Zhen Qin, Penghui Xiong, Liping Wang, Hailu Zhang, Dachao Deng and Junsheng
Liao, Spectrochimica Acta Part B, 2019, 154, 43-49.
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KRBT RVETE A BR A FIRALHT T B R B BB R

iu% - 1’*1 iﬁ%ﬁﬁ 17 ﬁ?ﬁl
1. P E R Bt s ST, bR ERE L, dEa, T E

[F) Az b o AR A A BB 2 AT BRL AR T b 5 BB R 3R 8 SR RORAE i i
A A 5 A FE T HA B , R R B AR AR A R R AEAR K RE I T B 4
RIK .

AR, AR E 7 K2 Compston (3% A1 Clement 844 11 30 il . Th —
B 5 (SHRIMP ), A5 X 567 [R5 (R AG B DU 7 7 3 S (Clement and Compston 1973),
F AR T B A H A AR 2 R R 2 2R 2H R ) B A R (Compston et al., 1984).
SMEERE B BRE/D, FElE AEREES, BT REER . RIEE R A2 2@ AR, FEmA®
TEAR-TCAR X R AL TR AR SR -

B FERE L E 2007 4ELLK, N SHRIMP Xt Apollo-11, 12, 14 A1 17 A EREE ik
1T T RIXJEAL 8 A . 40 R 3R T B0 H BRI i 2 i g o AR RS 5 (Liu et al, 2012,
Nemchin et al., 2020) ¥ #1375 H el & Rt FA R, REERERR A BKRE
PR A i o SRR B SRR BRI S T BB TR [RGB TR DI AL T
HERBIERRLI LA ) X A e 7k, X RORTER R 5 5 H BROR [BIRE & 0 72
H R RAER
R GRS H BRI SR A A B EREOR B

S 300

4. Clement, S. and Compston, W. 1973. The design and performance of a mass spectrometer using
beam transport theory. International Journal of Mass Spectrometry and Ion Physics 10: 323—
342.

5. Compston, W., Williams, 1.S., Meyer, C., 1984. U-Pb geochronology of zircons from lunar
breccia 73217 using a sensitive high mass-resolution ion microprobe. Journal of Geophysical
Research 89, B525.

6. Liu, D., Jolliff, B.L., Zeigler, R.A., Korotev, R.L., Wan, Y., Xie, H., Zhang, Y., Dong, C., Wang,
W., 2012. 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. Earth and
Planetary Science Letters 319-320, 277-286.

7. Nemchin, A.A., Long, T., Jolliff, B.L., Wan, Y., Snape, J.F., Zeigler, R., Grange, M.L., Liu, D.,
Whitehouse, M.J., Timms, N.E., Jourdan, F., 2020. Ages of lunar impact breccias: Limits for
timing of the Imbrium impact. Geochemistry 81(11): 125683.
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JRK B R AR P KB R AL R S ERAL 2 AT AR I

+/ e 1,2,3 — 1,3*
E}EE}_‘ s %Eﬁiﬁ/ﬁ\
L ERE B E R T, ER B SR PR LR S s AR RS %, HE T

T 810008;
2. AW TR, AashEM T RE AR S AR A ERE SRS, NET Bk
014030;

3. EBIEBEE IRV ST, SR E T hL, B 75T 810008

T R R O R0 57 2R A0 1 A K A SR AT, AE 244 2 il IR0 2 0 s i RT3
A TERE S VAR R R LR VRSS2, MO 7828 A A rR i 1R A6 2 A i R A v i
G BT 15 o AR SCCASEIE AR R TR T A L, 2R Gt 5 Bt A s /K T8 78 e iok it e
IR R ERG 2T . R RE P XK 8 B (HASLE AR 2%0, URAZ R AR A X 5
K 8 "B . BREREL. A SR AT ANEEEL 8 VB AE N+0. 140. 14%~+6. 83+0. 15%o0-
-2.8740. 24%0~+5. 28 £0. 30%oF1-0. 37 £0. 07%0~+4. 01 +0. 12%0; BREZER. f1xh. AEEE
WL 7K A B )7 2540188 22 8000 304 0. 9936~0. 9993 0. 9912~0. 9978, 0. 9937~0. 9973,
s B AN VBRI A . I REORAZ pHH KK 8 B (HEEH], EEZYIRY
8 "BAB AR (A IS B2 5 R'=0. 91~0. 98) . Z& K 9206 i 7Bl AH £ 75144 2 rb OB 50 467 254
BRI AT R TCVEAM I ANTE pH (EZEE T B 1 "B 76 B(OH) s £ B(OH) , [R50 EARRE, THAURLIF
JEAR I AFAE T RN GTAR P S 2R B[R] 457 2R R Ak 247 D9 52 (P BIF 5 A2 i A BR300 44 25 v i 1)
LA 7 RO

R UK. R, REALR . AR
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T LA-MC)-ICP-MS I JEALHR X FIAL R H A F AL R ERE T
AR KR

P T, BRME G, BRZEAR YT, ki, BHER
LA DUE BE % 388 5, HEMLBT R (PO

R : LA-(MO)-ICP-MS; X JRf7; [Ff73; U-Pb w4F; FEARITAD

LA-(MC)-ICP-MS 3 Hr AR LI JRAT o S PR, 220 e $ (14 40 BT A0 35 8 L v 25 [R) 43
P, WAL 2ot RN E H fe e gt F A R LU EAE BT, TR 76,
PHRMREA AR B 1 T2 BN S R R o AN S S AN S T — R B X SR A [
NEMBI Y FE Tk, A% B-C-S g M =M Sr-Hf iU R R A . 2
W MRS SEA AR T A% U-Pb @ k.

ARSI S AR AT A LAY, SR IAEA B4 (CBRH/Sf0, 8''B=-8.71%0) AR,
3.1 LA-MC-ICP-MS HSf B [ BRALTIIX 434 75 ik ARSI 206 2 AN R AR T A (ke
FRFETFIE T C AL R W0 oh AN R ot 5k (X 48— PG, i3 s e R0 57 2 AL Rl ) — 119 SXD
5 Oka J5 A VE NP X BR R 2 AT ARFE o 1Z TAEXT 813C {HYEHIH-6.9%0 %] 1.48%0— 51
T IR ANBIT A TERE T HOGTIIX 73 b, UESE 1 B0 S X 3 BBk [ A7 2= () T AT 14 R
AEEME. ARSEIGE ST T LA-MC-ICP-MS B P AR R 5 v X 5 A7 5 [7) 67 25 AT Tk SK
56 == WAL M R A7 2K IR RS FEAE 0.3%0 (2SD) LA o A S 55 5 FH B0 AC B 35 e s

(Qingdao) ENANARFE, AL T Sr FALZE 4 773k, ¥7SeAeSr KM 45 R A
0.70923+0.00002, 5 ID-TIMS MRZE RAE R ZETEH N —8. KL= T LA-MC-ICP-
MS #54 HE [FIAL 280 51 o ARSI =560 H A B e b FH AR B AR b AT 1 AL HE A
LRI 52, 25 RAE R ZE V0 5 SCERIRIE 45 IR — B ARSLIe = DOl s SR80 M8 A
FEfD AY-4 (158.2 Ma) NSZEGZ=E WA, #3717 LA-ICP-MS %A U-Pb E4F 77k, Sudt 7 LA
MR IE T VEF T T AR B A B, RO TAR U BB d B hn B IR A I i) L
FARRN T2 N o ASEES = DIV PRWFS TS IR 1) JR A5 5 HK-30 (~150 Ma) NARFE
BT BT SR X LA-ICP-MS U-Pb JE 4 771 o 127 ERET 12 T 20 X ) RS04
REEIFTT . ARSI % DLAR RO WA TR 20 = 4 B TS-Mnz (909 Ma) ASEEG = br
FE, ST T E A JFEAL/NRBE LA-ICP-MS U-Th-Pb 5 4 J5 1% « A28 = 5T 1 B AL LA-
ICPMS AT U-Pb &4 T 177148 FHAESARULEC 1) 85 A FF il 91500 (1062.4 Ma) 1
NFREE, RAMKRER . RORBE DL SRS [ 7V 3RS T AR 74 (QC-04) %, HY5
R ARE P A R R 22 U Rl ) — 3

SE IR

1. D. Zhang, K. D. Zhao, B. D. Wang, K. D Cheng, X. L. Luo, W. Zhang, Q. Li and S. Y. Jiang,
Ore Geol. Rev., 2020, 126, 103758.

2. H.D. Zhao, K. D. Zhao, M. R. Palmer, S. Y. Jiang, W. Chen, Econ. Geol., 2021, in press.

3. J. Lu, W. Chen, S. Y. Jiang, K. D. Zhao, A. Simonetti and D. H. Pi, At. Spectrosc., 2020, 41,
223-233.

4. W. Chen, J. Lu, S. Y. Jiang, K. D. Zhao and D. F. Duan, Anal. Chem., 2017, 89, 13415-13421.

5. W. Chen, H. Y. Liu, J. Lu, S. Y. Jiang and W. Zhang, Miner Deposita., 2020, 55, 1-16.
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AR HE-BEIRE S DA-APPI-TOFMS PuE il B4 /K A VLR

SRR N Aeg Y WEE Y BB, T
1. FEFRFEEBE Y B 2 TSI 5, R EREE GO B T, KO T L
457 5, LT KIE 116023
2. P A SR R e S TR b, ERF B ORI BR R ST, R T L
457 5, LT KIE 116023
3. PEBEER RS, LT ERE 19 %5, Jba 100049
4. \WHRRY, HEMFE, AR HE 266237

AHIES 5REARF Bk, &R IR R E BT RS2 30% 1K 2 B
WL o = AR, SR AL B B A B 4 o WK R LA I = BARAE LR
Mesi: B, BHUEA R, IR MK R R FLUR, A WU A B (W B
K5 B RE b FRIR, KA IR R TN A MU R IR AR . BeJE, KA L
FE 2 AR, PRI 732 1 R B R SR LRI o F 1o S i
BT A%, GC-MS E45 S ARIMATARE vk, WH/KEE. BAMEERGE . MK ER
W AR . (HRIXEE 57552 F S ERBA PR, JF B A i R FERHG, BT &
(AR 1 o

ATAERRE T —MlH 0 F iR S & AT S (DA-APPI-TOFMS) 454
AW REBCRAE T, TR AR PO R R, 32877 77 PR 1 48 i 42
T APPL (PR ESRCR . RS IE 46 50 T e MK AR R B (] o 82T 1) = [X FR B il
PAAE 350080/ N R EE A R ISR o 7E 2 min (RORS IS TR) P, 205 R0 = G . = Z % e 2R
K% 0.1 pg/L. fJa, ZHERTREMHT K = F R ERRN, SR T
V7K A WLRG ARSI P e m] St

R AHUL, WK, SR BN AR BRI

ZHE R

1. Y. Wang, L. Hua, J. Jiang, Y. Xie, K. Hou, Q. Li, C. Wu, H. Li, Anal. Chim. Acta, 2018, 1008,
74 - 81.

2. Jing Sun, Michaela A. Mausz, Yin Chen, Stephen J. Giovannoni, Environ. Microbiol., 2019, 21,
513-520.

3. Guang-Chao Zhuang, Yu-Shih Lin, Marshall W. Bowles, Verena B. Heuer, Mark A. Lever,
Marcus Elvert, Kai-Uwe Hinrichs, Mar. Chem., 2017, 196, 35-46.

4. Charlotte H.L. Cree, Ruth Airs, Stephen D. Archer, Mark F. Fitzsimons, Limnol Oceanogr.
Methods, 2018, 16, 411-420.

5. J. Almeida, S. Schobesberger, A. Kurten. Nature, 2013, 502, 359-363.
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TE[*Pb)/[PPU| LB RIFTTT¥E: B R ANEOC B B /R 1H) K

i (VUVDI-TOF)

X 1) SR 1 B L
1. BV R, 185K,100086

BRSO B AR I KAT I A B (VUVDI-TOR) |, a5 A HLECE TCHURE S A B
AR B8, SRR IOG I AR P - FR B ATBO G RIS B R HE (LA-ICP-MS) 28775
bo, 1z ERA RS A R HER AR SR 2R, S ] PR Tk gha) 10 nm, A ) 500
nm, HAFERIEFEEREE LaL (108 L) o KUk, AT YIIEA B IX Tt g AT -
BIELEMI R o

BE A TE M S A AR B R A R B R X, 32 B O & [2%Ph)/[2eU] K
[27Pb]/[2%Pb] I ELBISZHEL. FIFH VUVDI-TOF itk 7, AW KR T —5 il &8
AR b [2OCPO]/[ZSBUNLL B () i i . SRBR A SRR B 1% T VEAE 2 (B 4 HEER AN A B A ]
ek B BLLE S DL 0 1 B 5 K

PAMEHBEA 130 nm () VUV FKiP o' s s s 20538 AOMIE#I . Tem2. M257 F1 91500
5 6 B A ZHFE M I PPh)/[PUT L BT Tl E . S, XF 10x 20 pm? XIHEEAT 50
B CRREZ8 10nm) FRELEH, il —Mkef ) TOF . {1 VUVDI-TOF J5 %l
BHIRSPOIAIPBU S S EE, 2HT Pb M U KSR AR [R5 [20Pb]/[238U] Ll A fE
AR HERINEI: 2500 SIMS /732, La([2Pb*)/[38U )M Lo([BUO)/[38U) 2 B 4%
TERIFIIR TS 2, HAR PR SN T [20P]/[B8U LA o A0 0 45 B 3 B L ks 8 5 sz iy
AR A DE, Ak 0.5 - 5%.

REEW: S U-Ph g, FAREASE B

ZE R

1. J. Wang, F. Liu, Y. Mo, Z. Wang, S. Zhang and X. Zhang, Rev. Sci. Instrum., 2017, 88, 114102 .

2. J. Wang, Z. Wang, F. Liu, Y. Mo, L. Cai, C. Sun, S. Zhang, R. Zhang, Z. Abliz and X. Zhang, Int.
J. Mass. Spectrom., 2018, 432, 9.

3. J. Wang, Z. Wang, F. Liu, L. Cai, J. B. Pan, S. Zhang, H. Y. Cheng, X. Zhang and Y. Mo, 4nal.
Chem., 2018, 90, 10009.
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SR RIE TR R
WEE, WHE, WE', TR ERE NER' BAT RS WEL
£ AN N S AN =
LAZT WA 7B, £ 100029 ; 2. P EZ T EF AT RZZE, JEm 1000822

SHINEREEMNRREE. BRI BRITBE- KRR =-5haily
AV SAE AR D B-AXR R T S - R S B 1T-Z RS AN R E YA RN B SR S IR
BWNSEESNRTY, AEFERS LSS, SRERRHEBIZB-EN AW AER RS
B-E B/ NG R ERERNIAT ., THEX2E MV HEEDT, HESENE
NESTTHRLHER . FUEAITRAZMETREELRNEMTRLRER A, kK,
BRSO T HARBE T HHOERE., EHETRSENTAE, ICP-MSELZEKRIE
SFFARAELE, O NERBEARFEELR I Hh S XERTHMESE, ICP-MS T
ENMEFEHRADEEREE. BRE. WEehH. i THENMEsHEENLNFE
BEHD, W, EFFICP-MSS5ESNCHEISHRZER E MRS/, AYIEERICP-
MSTTEMTIENFER R, ERNMNESHT/E, ICP-QQQ-MS, MC-ICP-MS. TIMS#H]
LG-SIMSA{ A SR B A BT EZ RS ATHREA, 532 UALA-ICP-MSHILG-SIMS A X
KNEGERRMHERNEMTNEEFE, B2 A AOKRESEIIGRER
SHER PUS TR R

&1 s ESrEE
Fig.1 Schematic diagram of uranium lithium cycle

KER: smiE, FugaT #R
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= ICP-MS FUE R HARM R AT HHIS B A

WEE!, XEE!, B!, =R EER! XEF =EFE! ZEE WK
TR, RERE!. BB FTLHE
1. T b F R ZRE, 6 100029 ;
2. FEZITVERALSREZE, L3 1000822

g =RICP-MS 1A% E B =140 HFICP-MS . 2 #IICP-MSFI & IICP-MS =35, &4y
HEICP-MS— %K FH < Nier-JohnsonZt ¥ fi- - XUR B A B, 2 FEUNICP-MS— K H 1E [ Nier-
Johnson&h 14 HL-HE WU A AT B, 171 SR VARSI 248 4 271 4 vtk =X L CP-MS WU 5% FH Maattauch—
Herzog2E i A B BEzNICP-MS i A P A ik 2 ZAR AR RAMICP B -4 51 1 % B A4 fry i
ZYERATEERY, SR FHIRUR A HE R X BB ICHE S i T RBUS, Kl DR vl PR O X
2L PRI RBUE, ORI FAARER RGP R A R RS, &
A B2 B (R P 4% 5 FE T SRAS TR A MERI AL R A, 21 Daly Gl 28 )4 i AT 2 6K =2
A5 22 (ARSI BE 77, BT 8C1E 1 S DI 28 AR TBOR % v BEL RS $E e (K 32 FE IR 22 0 22 (045
SHit . #EICP-MSHEREMIUGE, 2 fEAZhm AT N A 2. I LA-HR-
ICP-MSA] AT I 5 Bl 1 X IR U-Pb g 4F 11 FH MC-ICP-MS FJ =4 2 J& il 52 U [R v 2R 43
T, RHALEFHFELA-HR- ICP-MSHI5ZU, Th, Nb, Ta, Zr, HEEMEA TR,

KEE = ICP-MS, U-Pb EF, URNENE, HATEH
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HRAR S R T RO OORORE R e R e R R R AR

T 12, BUKE T, BT X 2
L PHAE R AT S22 e
2. P S PR R R S s, o E BB BRI T 5T

PR HERAUR M R EE N R IuR 2 —, HAEMTCARK T FEHAES 8 frll. BEHEIL
AL FOE MRS B dr Ve A R, 5t 2 R0 B TR G (MC-ICP-MS) )i
L, AL K R ZR IR B2 A ER T 0.5%0 82 i 21 H BT 0.05%0. £ H BTIIHAFE LT,
K AR E IEAE O R AR L RS L B2 RS 2 A B 22 B Pl BB T R B33 . )
P b VR D R XU B BB Rs T S fK) — 3, HLAT ST AT BB S B R R A
SR AR R E HEAER], A IE R R A KACREG AR SR A R A SR i A e
RN EYERAC AR, R R L2 0 TAR AR 2. BT S A MC-ICP-MS f£
P S5 B T ARAR 7 FE A IR ST 1 R s v R o TR 67 2K A veohs EAS I, ARSI A 3
0.06%o. X HEPDFRERE ity B0 [F) A2 ZAEL AN 52 5638 T BUAT (0B e, s B [R) 1 3 A 3 Bk AL
AW Ak PRSI AT FUR it T TR A
R Y. HER S SR TR BURAG MFMR . AR TA

S 300

1. ER,etal (2020). "#FE R R FLLRA." H2ERTg ChEMUTIRY: CERD; Bk
) 27(3): 1-19.

2. Moynier, F., et al. (2021). "Potassium isotopic composition of various samples using a dual-
path collision cell-capable multiple-collector inductively coupled plasma mass spectrometer,
Nu instruments Sapphire." Chemical Geology 571: 120144.

3. Li, W, etal. (2021) "Potassium isotopic fractionation in a humid and an arid soil-plant system

in Hawai‘i. " Geoderma, 400
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ANTREZRERIL LI R A LR EE A
A2, XER 2, BAKE U BT, ORI, RIS
1 TR RNE S TR P, #T 530004
2. TR B 5P e, 750 215123

SR FH R B 55 5 R TS (ICP-MS) S ZR AL Hb X AN 6] - 3 R TR PR f R g 239+240Py
27Np M2 Am FEBATIE, KA RBEEE v 400 137Cs. 280, 22Th., 2?Ra. 21°Pb #E1T
TotTe RIEARREE S ASE TR BATTRRY) . KA RS 0 e, RE
T IERE S AFEBIA VR FRUTRRD . AKEE DR R AR T R E R . TS R
TR A R AE A R B 33 b (6 FE 22 AR K SRIZAE M ER R I, (@R & 239+240py
TEFEVE A 2.091~10.842 mBq/g, 7 T ¥0H(0.055 ~ 2.321 mBq/g), 1M 27Np 36 FENAH & .
UL ZR 7Cs 2Np. 2397240py Al 24 Am [ B U1 & 43 7108 823.9 ~2468.7.0.110 ~0.785.
57.2 ~ 1286.7 A1 310.90 ~ 443.46 Bq/m?, #5151 B H A b X HIEAPURP M E 255 . FL
TR AR R T s E At S N TR R, XA R AR LR, RN AR FRATOE
T o I AN [F] SR A SR UE R I RS, 7R T 12 XN TR R A 2% ) R e A R —
FREE b2t T A A 38 R AL 2 5] A% 2 R BRI AT 1) 22 S BT o 1) R SR R
BT RS T BT A [R) g8 v RO A R R I R R B0 &R - 240Pu /2°Pu [ LA
PR, ARICHLIX IR 2397240pu Aok H ORI 2'Np/23%Pu 55 EE I BE Ya O, 2
FZ IR F L E RS DRI

JRERIA]: 29240y, 2Np. M Am. JEURETERE. JRTLG. iR

SR
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4. Y. Huang, S. Tims, M. Froehlich, S. Pan, L. K. Fifield, S. Pavetich, D. Koll, Sci Total Environ., 2019,
678, 603-610.

5. Y. Guan, S. Sun, S. Sun, H. Wang, X. Ruan, Z. Liu, F. Terrasi, L. Gialanella, H. Shen, Nucl. Instru.
Meth., B 2018, 437, 61-65.

Email: yjguan@gxu.edu.cn; Tel.: 15078878251



mailto:yjguan@gxu.edu.cn

24

BT IS RiSENE R "Be/Be TR _F HEER = 5 PR F
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RUVER] "7, A v, A T, R E R Y sk
1. W EREERBE BRI AT 5 5 D20 [ X E AL =, B 752 710061
2. VOLNEAR ROy VG A IR o R AR R B SEEG s, BV P 710061
3. EBMEFE RS, dE5 100049)

TE: FRZ-WRUZ AL (STED 51 RS 5% Hi A O R R & U A H
A E E 02, HorRE 51 AR TR R A UK K R B STE SR A e I (1 34
Bl PE, WXL TR TR R AR L B A E 2E . "Be A1 1°Be X H
FH LA AR — BN AEHI I "Be WREZIAAL AT /R ER STE A2 M AR 1448
IR RRZER, H 7Be 5% R P HREER T, 1M 1°Be/"Be HUARZ B8 RN R 7R ER
FIE, AN, HRR y RERHEIRAEIRAHC AL dh kS L "Be Bt , #1240 7RISR . 3R
() STE S FEASAILIT 7Tl AR TAE, AT 7 E M T AR STE 8 Cheal 21k
SREERY R AU I R B TE, B s g B SRR & rh (<Smg U
BRI (1 Be A1 1°Be, FR} Be oM AR TUALIE A, MRS A AL X i RBUZ . miks
FE[¥) 1°Be/Be Hidi. T ULI R E AT T P 3 L X B TBe A1 1Be H AP HERM. C
By AR TR TR UTFRIC S, S X 3T °Be//Be FUAE AR RRBHE R AR SR EE K] STE
FF, DAMIESE 44 STE 22 K HARE ). LAAZ=55 STE F- 01, d3t—B9rh 17zt
TR RN 2 R AE Os Fhimy (25%) [id 2. b4, 1 1'Be//Be iiE SEffiX 46
EARMR NS R T REAE —E R B B T1X B PMy s FIVH AR

K TIRESTIRER e, 1°Be/Be; MiE#s i, O &4 THRENR

S 300
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TR AR AR v R TR  F L AR G5 M RRAE

FINIE Y, MY, PR, wRbkRT Y 2R, RRERE Y e, R, EBtE Y, EoRY
L BESRE, (T, 1%k, &E, 211760

2 TR, fsERE, BEE, SEORSY, 830046
EIREEMSERZNG ST R, SETR. SR BRMEmITRE, HANmHE 5,
T TR AR T 2R AR TS > 360 °CIME iR (HD), HArrFERK, SHM»IE, M
PLEAT A R R -« SR ARABR A SRR ) BB/ P R VR A A7)0 HD BEATREEL, 43
FIFRIFRERA) 1 A1 2 (BRI Ey) DLRFERFREEY 1 A2 (R AT Ry . FUCRAR AN Ry
HHATREEL, DISRERR 3 (E) FIAERRE 3 (R). By PSRN R, Ex &ALk
EYRE B m HFEELSC=0 MR, B P LSRR FAENLEY AT, 125
RRUEIRD, RPREEAN HD &R E T EAE DRI EE. B E il Es
ON WAV FEINT F 1 B BELH, R ON L&Y HD T FE RSy . FBRE R, 1E
2100 cm! A AAAE— AN BRI IS, BT 05 A IE-C=N MHZEIRS). R Al Ry (LT 40 FEAH

ZEARK, KRR NIXFHFIRE 2R A EFIRE, HRESE A ZER K,

547 cems =
= DEl
45+ = MMeE,
= E
36+ — = E 3
g =
o 277 =
& =
18| =
g -
0T —CAs " cyclanes " alkenes ' arenes | OCOCs | NCOCs ' SGSs ' TCAPs
a4 Orbitrap MS
trap LIE
i e,
33| EE
S
< 224
@
11
0 rm:.HHLFm-EV—WEmEIM : : : : = : : :
HC'O, 'O, O, 0, 0O, 'O N, "N, N, N, S, 'ON'"OS' NS 'ONS
Class species
FTIR Ry [/N
(]
[S]
g R,
a Yol
g PR
= WMW

T T T T T T T T
4000 3330 2660 1990 1320 650 4000 3330 2660 1990 1320 650
Wavenumber (cm™)

1 HFRIE AR GC/MS A Orbitrap MS M 2R A, AN AR IZL A A .
e iR, EFEEY, R, BRA
S5 30
Lo ML HEARURHRE S AR REEE ) 7 SRR S AR S, AR, fRM, 2014
2. BRGtH. HBREHIE RSO BRSNS G, BRI S 21817, 2010.

cong_xingshun@126.com. 15263298336; 1690035484(@qgq.com. 13629907545.
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F| 7 BB R LR 5T CyMe.-BTBP eSS IEE AL R BL i

SREFRT L, RBSE L, BREE Y, RXKNI T
LA E JEFReR2EFFRE, dER, 102413

= WREHE 43 PUREX e (Plutonium and Uranium Extraction Process) Fi T [m[it = #&
BERBRER, 1K BT R TR AR B0 B9 DL R 5 R IC R AE N A - B e
R - X R UK W P O R AT, PR ESR T AR s, R E
Wb Prb P S K T i RO M A% 2 T8 I S SR A R AR R A R R A T U A
%, MERBUERRTRS AR TR JLHREE. ) BEERENT FHERam, Sk
AR 2 BB AR S RE P2 A AN RS, DR R T R AE S ORI R 4 B B L
X T U B R G R R, 4T IR AR T iR R A A B, CyMes-BTBP 1A —
FRA BIS M ZERGR, BA B 7 25 R, 7ERRIEAN = U M 5 b B R AP s e R 55
. Hamr=YrFa CHON JE3, RIn]LLSE A BRbe A= A4 Hofh S Ay b . St L fr
LR T+ S, PSS R ) ARG . R Y S S I b 2R AR e 1

ASHIF R FH HLE 5SS X CyMes-BTBP 5% /& 85 F Ln** (Ln=La, Ce, Nd, Sm, Eu, Yb)
R BT (U0, Th*) HIFA AL EET KRGV TE . EIE R PRI, R
SEVEIEFE T AN A 4 @ B AR BE L) R G S B i CID HARHF T T AR RN &4 1 24
fRi&1E. FAREME SR T Ln*® (Ln=La. Ce. Md. Eu. Sm. Yb). UO>fil Th*'55 CyMe:-
BTBP 7t LG IEL &40 BCA 0 BB A 3 B Bt 5 [M/[LTBC e (R AR A T AR Ak o 5 P
BIRATTF Lo fl Th*, AN 12 BEEY, Y& R s i, SHEl L1 WEEY.
i U0 XL R 1:1 B AW . CID 45 R EoR, FOAR A2 ECAAR 1 Pidm 0 5l T, AR
RAGEFEFEF SR, R =R IR, &R F . TR
AT AV B SRR, SRR R EAERENL, SEAMRIRE T
1 B AP T LG, B AEERAR &1 1 =Rl S B TR R AN, BIERAZY
fif AT 56 K AE HNOs B-NO, (452K« AN FUNHER 73 8T CyMes-BTBP FLA WA Bt T —
Pl 805258 715, N CyMes-BTBP LA W 1A 45 46 %5 1 R B o A4 A1 38 2 (1) S 36 49
RKEEHE: CyMes-BTBP; ffIcE; ZKHHLEE; ZMHLEE

E-mail: zhaoyg@ciae.ac.cn, Tel: 010-69358448
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P ZTIFEK "Bes '"Be HIZALIHE SR HT

FERRAG M4, AP 127, 5KENE L2, IV 3, e 13
1. P ER =R BRI EEAT T T, B85 5 0 20 M o [ 58 B i SR &, 7E %2 710061
2. VNIRRT o0 BRVGAE D A8 P HOR F B s, V5% 710061;
3. VHZH RIS AN AR, PiZe 710061;
4, FEFERERY, JbRT 100049

T R B A% R "Be (15=53.29d), DRIRIEE & HhBR 1k 2% 1 A2 e s [A 1 5
— LRI, BB KA R FFabs, A RUIRS TR EEBHURER. REDRER . A3
WEEVEG . SUbFER, R BT E LA °Be (1,=1.39Ma), 5 "Be A % AH [ (1)1
BRALZEE BT o BRI R T "Be, R AT A B H S IARFE K I 5% R E 2w Bk AR Ak &
IKFAEH TBe A1 10Be AL [R] OG7E:, X HBERIACHR SE 70 A PR B i TAR A R R R X

"Be 5 ''Be M1 AERR AL BA X EAFE, Bk, ZHX Be 5 °Be /nEgfF /KA
R TAE, &AL, HAl, BE/K "Be FIWFFCHL S48 0 T AR O IE I 2R
R, —MCRA y BAENGE . PHdbH X F KSR, "Be 55 M DML =3 BOTET v
FAREIRAG, MR AR D o T 1°Be M 5E 58 A MKA6 T AMS, AHC TAETEE P 75 Hh 35 fif
HiRIE

A TAE BAE BTV 22 17 F7K "Be- '9Be 13K &A@ SR ALRHIE, BR 7 3 5 KR R,
DA FH T 3R 1k KA B AN A5 B @ S A . FRATT AR K A AR T T 22T
2020 £ 8 H 1 HZ 2021 4 8 H 3 HEKEE, T AMS 348 1 WL HidgkfFKd Be 5
'Be IRk AR YIMFIERE. BFAKIL: (1D FAZEK Be 5 'Be iR E G 45108 1.12~10.6
(10* atoms/g) 1 1.69~16.9 (10* atoms/g); (2) [£7/K "Be Fl '°Be ¥k /& HA i 125 1 22
S, EROKEREKET LIURME: (3) 'Be 5 19Be [k & AT M & i) 45 3 35 41 5%
(R?=0.837, P<<0.05; R2=0.988, P<<0.05). & [a]{IAHICHE R mr Tk B, ek 1 v ffdE &
SN PR AR B — . (4) "Be F 1°Be WU R 5 KR Z B EMAHX (R?=0.325, P<
0.05; R2=0.482, P<<0.05), FIARF/KIEHRZE Be fll 'Be Y@ R ERRF. (5) FHAH#
WEFHMH, Be 5 °Be MR UL @ Sz & T HALR B, KB 'Be 5 '°Be 78 /148 Mm%
Ko

REE: KA %K "Be; '"Be; znEEA

SR

1. Ishikawa Y., Murakami H., Sekine T., et al. Journal of Environmental Radioactivity, 1995,
26(1):19-36.
Mohan M P, D'Souza R S, Nayak S R, et al. Atmospheric Environment, 2019, 202: 281-295.
Priller A., Berger M., Gaggeler H. W., et al. Nuclear Instruments and Methods in Physics
Research Section B: Beam Interactions with Materials and Atoms, 2004, 223-224:601-607.

4. Zhou W. J., Priller A., Beck W. J., et al. Radiocarbon, 2007, 49(1): 137-158.

E-mail: fuyc@jieecas.cn
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TEAL AR H SR X 25 3R 07 R S W TS FUARERT T

MR Y, RIOR T
L R BHIR S 22 AT R B 5K L i SR =, BT 100083
2. AR CIERD) okl 22 5 2 TR 2B, Jbat 100083
3. BUMNEERR IS Y 5 P00 I 20 F #R Sk g0 %, 5 550025
WEZ Tk (APAHs) 2 ZMTTREMEY) (PACs) MEEMARMHL >, ITERE

APAHSs HAESEELHARA (16PAHS) HA S ARG Qb A, XRUEW2 3 T

e B FHBCRIBR 22 57T o T FR IR Dyt 5 L B R R 2E 7 M 2 [, =8R8 3R AE =

FH I ) BEUSAORSE o M s B, JRER O M A S5 AR AE ) i 1, DA S AR TR T I L

SENBIOR AR, TP RBER MR A KIR ) PACs, 55 APAHs X B X T 3EFEA 5

M55 190 LA R 0T A S AEAZ X I N PR RS, T Al — TURAT LRI S SR A o A SRR

R €% R IR = F DU AT I (GC-MS/MS) #4321 [ {44 it PACs (16PAHs. APAHs Al

OPAHs) HIEBE I HTHAR . AL A DR BT, MBI R £ 2 7] PACs

I T A BB AAERT 5T 18] 2 A SR A DL RIS AIE 7T, =SSR e B 7 3 X R 3+

Herh PACs EZR H BT A, R T AR A R e 0 XV LR LTS ek . JEF

FHIEF R Y (PMF) FUARFAE EE A W15 75 12500 -3 b PACs BEATRUSARHT, HE AR

T AJERT L) PACs RRAEDE 5 MIRFIE AR, #ho8 TN AT A &R o RERURINT
B, ASCHER GC MS/MS 73 Hrillia 7 v T LA 2 [l A FE A PACs ()78 T E &

ST o BT TE PR R BMEA AT DX AR L IR R 3B i (574 4D i H 32 1) APAHS,

FHAE PACs A BE ELE] . R E B A HUBL R e il b PACs VR EFNZL A, RIRAT

DB AT AR AR AR 4= rh PACs ZHBURHIE B A AU, 16PAHs AT APAHs £ Z DI

W, H APAHs AAUEACHA X L3 12 PACs {554, (%] PACs K 52.6%-

71.7% WG>T4 RO7 B 7S EABE T A R R 2 i XRS5 el ok, R AreGIS #(

PR B [X B S 120 3 3 AR A 3 4 vp (1) PACs FOVR BEAB HEAT 28 IR B 20 A, 45 AR &

KLIK) PACs ¥ 52 1 25 () 43 Af AU 2 2 I HH DASRER™ X ORI L) 35 G b 3 - 1) DY 38

AR PRI RFAE , A2 8] 73 A0 () 2 TR 7 1 BRI A A2 i R L™ [X 4398 vh PACs [ 22 25 LR
e, R R 90 M-2 Je 2 b a1 A A PMF BRS04 PACs $dE, 75 7t X 32 85

Qe AR CRERERT A« BRI AP R GE A 4R HE TR . PMF 70 BT 45 H AT A )

7 o R 25 25 FEMCR R[], JBR 1 C1-BELAAME) APAHS Al CO~C2 — Rk

M. UtbAh, EXFEEARH T APAHSs EU{E ELEFA PAHSs SE&E A T HERUEEART A e . BRtadd

THEAN R R B e B0 BB AE 3 1 7S 208 (038 F T 48 /s AN A SRR R AE EUAE, B2

C0/(C0-C5)%5<0.15, C1-JE/CO-FE>2, CO/ (CO+C1) FE+H<0.35, CO/ (CO+C4) FE+Hi<0.3,

CO/ (C0-C2) _ZKIFMEME<0.3, APAHs/16PAHs>3 I, #FifiH1K] PACs K H AR £

KeE: ZIOTRBMLEY, BT, 3, SRIED

SR

1 BRER. VLR S X 2 3855 S R S W15 G R AR AT 78 [D].H FE bR 27 (B 30),2023.

2. B B XA PR A 51 22 348 55 K15 GURpAERTE 78 [D]. B AR (B 30),2021.

3. Qian, YH, Yuan, KY, Xu, ZP, et al. Contamination characteristics of alkyl polycyclic aromatic
hydrocarbons in dust and topsoil collected from Huaibei Coalfield, China. Environmental
Geochemistry and Health. 2022. DOI: 10.1007/s10653-022-01365-y.

4. Qian, YH, Yuan, KY, Wang, J, et al. Parent and alkylated polycyclic aromatic hydrocarbon emissions
from coal seam fire at Wuda, Inner Mongolia, China: Characteristics, spatial distribution, sources,
and health risk. Environmental Geochemistry and Health, 2023.

gianyahuil110@163.com
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FEASERS TRREERR: RiERE5IEEE

%YXZF\ 1, 2 *
1 PR YR 5 2 T R E 2 S0 =, Jb et 100083
2. HETMERE: A6 kR Sz T2, b5 100083

T I R AR 62 Hh B R B JC A LT AL ZEHE IR R h 2 A1 ) e B SR ) o - TR ]
IR OC T R AR SR AN B 2L A, KHAHE e MRS S AR« R, JRR[,  JAME
Hel SO, ANk T3 = 38 FHEAL NHs £8 BTl KA IR N ALHNT I R 2 (S04~ Flg ik
(NH4Y), MR E RS e XN “ ZIRHBCR 7, A RR R eI AR A R — IR B
TR . X EARSER AN, P E AR SRACKE LA L5 2SS E A 50 pg/m?®, $EFFE] 20
ng/m’ JhZHETEE] WHO A5t 5 pg/m?, HMEGIRAIKIN 2 B . {8 5l A8, SCr — VIRt R %
THBR R ABRER TR0 ? 12 1k — VAR ML AN SR T 5 RE W8 T Bk R i R 2

JR e B X SR MR I AR . SR T AL, 2 TN, AR AR £
g R T BRI RS HIR AT REM X R I OKE) mRE, Hie=71. DA,
H Al £ S e r 7R 2 B 7 & i (IC), MR HA K A e i

L=<l Vi R oy N W T 7 R N B B2 1B W T A N S Ay AT A M W/ C 2 SN I o S LR
W7k TG B A HOR o HARR A 9 S H 5 RALTF e R L& 1 38 B 1A R? o RaR e
BEA RERAE JR ? o AR O T30 ARV 7302 TR (AR i 20 o (B b B R e 2

TSk, VEE RS LI Y S5 NSFEC T B3 H BB L E AT X R
TEN IR Z T I R A A R A RAFAE— IR, 7ER B TR 27 IR 2 3
& IR HER T TS WD R U5), R R HBBR 22 . VRS A 2 R e K AT B
THEIARER R, JOHEC TH ORI A& AR B 5K B AR .

AV ATI A R E RS (TOF-SIMS) RAEAL 5O RSPk PM2.5, RIS
F 73 HERN IE 008 T AR TS AT BRI 2R S 03, IESEHAFAE 7 TR A B (NH4HSOs) o 45
G IR R R E RAEAL S PM2.5 1B T B 5 4 Y BRI B — R H L,
KAMIR (SO HHEAWNHSE T 101, SCRAFEMIRE K, WHZE TR ED R AE .

FAM1IZH TOF-SIMS FRAE S A SRR 3 g 05 2580 TSP PM2.5, Wi i % A
FEUESEAFE NHHSOy, TRFAE KA TRBRH AT RN ST . L4l R rTig il 2 g AL X,
Pl is FH IR R H B - e 20 A ML S5 29 AT S SR 37 26 A=V i A gt P A - 3
(CFS), ke G &P m B TP 23 H R S o1 &8 1 A H o+
1%, @40, (NHsHSO4).H* « (NHsHSO4).NH4* . (NHsHSO4),HSO4 %5 (Hid, n=1,2,3..5,6,7...),
AR I A5 ot I S 70 A P X0 A 1 22 B ff IE 7 B o

WFFREAR T 1C S pH MAREHRUE T AL KR SAFE 0 TR S, JUHAEUE 7 8
R A EIEIZ (1) TSP A1 PM2.5 K CFS il A E IR A Ee LK MR IFA T T € =i 2.

W T 510 2 - SBT3 VR R — URCHE R ) KSR 2 B e HE i B S ) o o R e
TN EEHE S 58 A TR » 4k ST TR 4 ) B0 T AR AL A SR A o A BEAT A 3 8
PSEIAASRERIFCYE VR E R

i 5 W B S 18 B B A SR AR FR & 8 1 AR I — IR HE I IR BR 3h . B B AR
(H") P47 B A ) B AH 5C KA H R A4 25 i PR L 5 B

A5 A A o A WU S S K RTIARED 1983 AEVEZ A MRS — BN 55,
KPR (Adiloo) FIZEEPEE LTI RG Cooks.
S HR:
1. ARMEER. AL R [X 2 30 5 42 R AL A V5 YRR AE W 7 [D]. b K 22 (B 50),2023.
2. B AL X R A PR A IR 2 R0 5 YRR AR 78 [ D] A B R 2= D), 2021.
3. M. LIEKIAEEHERL S AN R [F A7 25 4R AE[D]. A B Mk R & (Jh 50),2019.
4, BEE. WE DR K A Y HECRHERT 72 [ D] A E K (6 50),2018.
5. PEFEHE. o E U E R X R A S RS Y BR 5 R R [D]. A E AT Mk K 24 (dE 5T),2018.

hd|6688@vip.sina.com



30

EBHURAER Re-Os R RSP HEARBR

BgE, W, GfiEss, FBH
LA TR S s wF FE e

Re-0s [FAIfL 2 A4 FR 0T AR FH T & A WU TR S AR 7T, & A MU S Re-Os [F]
R RAEAETTRF G WA E R R G RE AR KR R L Os [FIAL R H K
B —HUHIANE 5518 2 M, 3E T - BOH A B I S5 I G AR R ZE AN BOR . — RN & BB
DURRE ) Re AT Os FZEH0 & SRAEA N FEE 75 & &) Re 1 Os 22521 H Re-Os
SR LR HER L RS 2 R . AL, E4T Re-Os [AINL 2R /A i R ] G e S i S 0 Re
M Os ¥ H . HEHH R Os FERE T —SaE MR S Y Stk dn, kB aEiEaml
FR RN, TEvE e R B E N AT R R BT8R AR E ik fck AR Re
1 Os B H

AR R B A bRUERE S GBWO07730 (GSR-21) Bl & A HUR TS, Re-Os 20 4T
J7EFKH carius B FRIEATAE A, A DU SR A IS TR R AliAL Os, BB F# s
57 # Re. Re [AIA 2R H 2 0 R & 58 & R i35 {. (MC-ICP-MS), Os [FIfz 2
TR A B B 5 (NTIMS) I 5E OsO5- , Ba(OH), 1F N R 55, Bt 4T A R R 5 1E,
Os JRE IR 1920s/'%0s =3.08271 X 1E. KH GBW04436 (JDC). GBW04435 (HLP) #x
EFE A IR AR A B, 1R RIS R SR EARETNHEN — GR D,

1 AL E B RIRED REE

Re (ppm) "0s (ppb) FEH (Ma)
GBW04436 (JDC) 17.35 24. 86 138.2
17.22 24. 84 138.2
17.03 24. 87 139.9
17. 14 24.76 138.3
EIMH 17.18 24.83 138.6
HEFEH 17.39 25. 46 139.6
(0.32) (0. 60) (3.8)
GBW04435 (HLP) 278.9 643 220.7
277.2 642 221.5
280. 2 651 222.5
SEHMH 278.8 645 221.6
A 283. 8(6. 2) 659 221. 4
(14) (5.6)

RE: FEANRIRS; Re-0s [FfER; —SHALESIRMIR; LK, BRETE

SR

1. SHIREY S B,WALKER R J. Carius tube digestion for low-blank rhenium-osmium
analysis[J].Analytical Chemistry,1995,67(13):2136-2141.

2. SELBY D,CREASER R A.Re-Os geochronology of organic rich sediments:an evaluation of
organic matter analysis methods[J].Chemical Geology,2003,200(3/4):225-240.
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Fe g K A PR A £ RERRE RS POPs K7

EH", B4k, TFWEE"T  ITHER
1. HEBEBRAESHEI RO AR 5SS E K E S ERE, Jba 100085

FEAMEA NG YY) (POPs) (4R /A A A AT Llod ik AR A h s I8 . Ui Al
R A ] e A e i R SR it . AEIX — Ik FErh, T2 P o i 5 KA s . IR DR
L)1 P IRAREE R S A IR R AP SE S, R SAKMEEF POP K4 1
KERZF R4, HalMAERE. K, G (0C) Ao LHIGHATER M POPs (1) X 35IF
BRFEAME R AR T g EEER . 2N A, T3E1ERN POPs )3 B2 4R RIER
BeAA7 I, Fo T OC F #7438 5 HAFTERS & 7 LI ) POPs AxBR 70 K AE 0%

RT LR, WAL POPs (4371 5 SOM 414y K JHHEMSE &, {Er ALl R 758
R X TS SR TR T BRSSO AL POPs V5 e AR I 7T B, IERAEIA UK )1
1BYE X I 3R B RSl RGUREE, MWL SOM 184810 5 POPs /- fifFEFH 45 &
AT, EPTR B B T 3R 0 = A X AT I, CAGIAR P RN 22 R I B SOM
JAE S5RPE B RS (LRAT) SN POPs 3584045 A5

ZERKH, KZ4 POPs fEH st LIEH FIRAERFIE ST M &G VR (MAOM) %)
e, MAEZ R TSR RN TS, Bl.  POPs fETY 5t IX I (1) T A0 & 8 gy
THFEASE, A LRAT MRt fE. 454 MAOM [ ELEIFT POPs [ ER AL REME AT DAAR B
KB POPs 7E1 5t L3R I 0 ARRFIE . FIFIX — R, FRATZE T 2Bk L3R FE X POPs
(TS BT TS5, R I3 7i28 POPs M B AR RE TP Eh A X, — oy
AE R S FAL . G54 A EHIX A NI E, H POPs RAE & T-FIFH SOM %
PEAG A BRI X A S RS POPs it 358 61 $H AT i L s 46 15 1 [X 5 Jjp ™
FE

RT FRTAE, FROTRE 7 XFERWAR: POPs 78K E 1 338 e b (AR B2 i Hl bt
KB EE . 75 LRAT Z 5 MU, TR SIS IE R 2] TRk A A 2ns
MIVER . Rk, 45 argh & L8eE WU R — iP5 11 13 b POPs ¥
IR YRR TSI XU o

R FEAVEANIGAY), BEANRA S, R LR

S 300

1. F. Wania, D. MacKay, Peer Reviewed: Tracking the Distribution of Persistent Organic
Pollutants. Environ. Sci. Technol., 1996, 30, 390A-396A.

2. J. Lavallee, J. Soong, M. F. Cotrufo, Conceptualizing soil organic matter into particulate and
mineral-associated forms to address global change in the 21 st century. Glob. Change Biol.,
2020, 26.

3. P.Gong, H. Xu, C. F. Wang, Y. Chen, L. P. Guo, X. P. Wang, Persistent organic pollutant cycling
in forests. Nat. Rev. Earth Environ., 2021, 2, 182-197.

4. X. Wang, J. Luo, W. Yuan, C. J. Lin, F. Y. Wang, C. Liu, G. X. Wang, X. B. Feng, Global
warming accelerates uptake of atmospheric mercury in regions experiencing glacier retreat.
Proc. Nat. Acad. Sci., 2020, 117, 2049-2055.
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ETEEAH G EBR R
L RIGYIAEF BHPs A AAHFE
TRAR L, KA 2, JELENG 2, SEAE L, ER 2T
1 Bl KA R BOR S B, AR R s, B 200240
2. BATE R IGTE S, Bl 200240

RSV Z A0, PR E RV S, OFRE . S
R I VLN B 2 BE(BHPs) A E ARV R, BHPs SRIE T A AV A, & i 2 Fha
W AR I = RS, BA RS RERMBES P . B N — BRI BR AT 5
(Acetobacter xylinum)" 73 B 345N 244 B4 & VU (Bacteriohopanetetrol, BHT)LASK, B 73#r
TORKIRED, ARG (1) BHPs FERUEYIACUG P B SEAEAS thle i U oK« 7> BHPs
EPRIE IR —, Bl MREE YIS S, HEmiE, RABERRAE ) (8
PEA-2) 50 Ma [AIUE A AE i A U 2 52 % BHPs), AESLREWSVE MRS EWbs ) 12 A T
TR ARG L oy AR SR A B SR KT A o AN CAEAE IR Z UURR PG N s 22
BHPs, H5401 2 VU EE(BHT). & &% = (aminotriol). R 2 Kt (adenosylhopane) 55t 54
B39, AR SCAR ] 2R i = AR PCRRAL AR i, ) P v 28R 0 0 3 TR 1 R 368 R A ) RUZ B
BHPs HI{RAFH LS ZFE1E, DLER BHPs 1E 9 AEYIbR S 0 v S

FERE b VR T-WF I 5 o P R B3 1) B&D %3217 BHPs SR 51, ] I EE(MeOH) 5 H
KE(DCM)NBERR 3 22 71 80(2:1:0.8,v: v: VTR G IR A SE L 5 o VIBWIRE S SRIGHE 30°C
N 15 min, 5000 rpm B50 10 min. B EIERELE S —E T, FEESIE =00 R
PSR, W BIBWRE, RSB A I DCM FIBERR Eh 22 MR 22 MeOH: DCM: BRR #5242
(1:1:0.9,v: v v), SEBUKFFAIAHUE 7> . BEEEHK DCM 25, i1 DCM #HE
FEM . RIS DCM AR ST A, S2IAWIH MeOH: DCM(9: )i B, 4
0.45pm VES a1 g de i I J5 70 i o

FF fin SN PAF(1-O-hexadecyl-2-acetyl-sn-glycero-3-phosphocholine) i 4y 4 4 LA 3k 13
BHPs € 8IKT . k|73 #127% Hopmans SN I AEATAE BHPs WU 1 -3t 7% &2
L8 JE A BRI S P v ROBAH s - DU AT AT IR B (223848 UPLC1290-QTOF MS
6545 ) HE AT 4 MT . WM IR B M A N MeOH/H,O/formic acid/14.8M NHsaq
(85:15:0.12:0.04,v:v:viv), 9 2 #1 B N IPA/MeOH/formic  acid/14.8M  NHsaq
(50:50:0.12:0.04,v:v:v:v)e FEBiELEE 0-3 min, 5% B, 12 min J5 £k M8 N3] 40% B, 50 min J& £k
PEMEIN A 100% B, &Is1TH A4 80 min, ¥# A 0.2 mL mine SAHEHEH: Acquity BEH
C18 column (2.1 x 150 mm, 1.7 um, Waters). ESIJF1EE FHx0: BAHEIRE N 300 °C; 55
JE /179 40 AU 328 7728 10 AU 555 B 4.5 kV . BHPs 43 #1{E H y m/z 350-2000 (BHT-
x R B A EE A m/z 564.499: [MH+NH4] o 18IS &2 73 B -1 U T AR AH S T A B e 1T AR 18 ey 12
HKeit5 BHPs - mik

1E ARG R SR 2 11 #h BHPs, 445 BHT.BHT-x.2Me-BHT. BHpentol.BHhexol
anhydroBHT. Unsaturated BHT. aminotriol. aminotetrol. animopentol VA EAG & 225 24
}JH] adenosylhopane. 7E—=ARyiF#:+, BHpentol. adenosylhopane & aminotriol /7t %,
BHpentol JKJFT W40 . [E% 5, adenosylhopane 5Pl AMHIC, aminotriol N &K 5 4F
HHBEE AP, Adenosylhopane A1 BHpentol 7EJTAF:H b7 bUAR ey idd BHIX =/ vk 47 52 31| BH
TRRREY s, Rt T AKE TR B A /18 Aminotriol 1 Adenosylhopane
LR 2RI A A RO, R RO T ) A e =R B i A B R A T B R
?%ﬁ %BI%& FPE K AR AT AR BRI TIRR Y 32 e 27 70 S B s NS 5K o
[1] KUSCH S, RUSH D. Revisiting the precursors of the most abundant natural products on Earth:
A look back at 30+ years of bacteriohopanepolyol (BHP) research and ahead to new frontiers [J].
Organic Geochemistry, 2022, 172: 104469.
[2] OURISSON G, ROHMER M. Hopanoids. 2. Biohopanoids: a novel class of bacterial lipids
[J]. Accounts of Chemical Research, 1992, 25(9): 403-8.
[3] YIN M, DUAN L, SONG J, et al. Bacteriohopanepolyols signature in sediments of the East
China Sea and its indications for hypoxia and organic matter sources [J]. Organic Geochemistry,
2021, 158: 104268.
[4] BLIGH E G, DYER W J. A rapid method of total lipid extraction and purification [J]. Can J
Biochem Physiol, 1959, 37(8): 911-7.
[S] HOPMANSE C, SMIT N T, SCHWARTZ-NARBONNE R, et al. Analysis of non-derivatized
bacteriohopanepolyols using UHPLC-HRMS reveals great structural diversity in environmental
lipid assemblages [J]. Organic Geochemistry, 2021, 160: 104285.
[6] ZHU C, TALBOT H M, WAGNER T, et al. Intense aerobic methane oxidation in the Yangtze
Estuary: A record from 35-aminobacteriohopanepolyols in surface sediments [J]. Organic
Geochemistry, 2010, 41(9): 1056-9.
[71 ZHU C, TALBOT H M, WAGNER T, et al. Distribution of hopanoids along a land to sea
transect: Implications for microbial ecology and the use of hopanoids in environmental studies [J].
Limnology and Oceanography, 2011, 56(5): 1850-65.
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ETHKER K MALDI FHEB AR T/ &8 Hrie il
B, A
L MR VORI 2 T TR R RS, PR L 2 e

[

PR B L PR, PSR A R R AL R R E VE € R M ik g S RHEE AT
FIR RV B2 — o RTRBALAGUER AR IR . RS 5 RNy 1 S
MAEAIE DA e RS J HRA DI 75 Bk, DRI 2k R b H AR & 2 S M 355
BT E bR, RO FURBIBOCENT S (MALDI-MS) BT e HER R 2 A R =T
PRIPEAG, L R — R AT AE AL UK IE AR B ERE *, M IR T GRS A B 1
MALDI [ A U8 505, 345 1 AT 1% 3858 - BoA R DI Re A ST 2R 1 H AR R fi] 5
PRIZE RS e R A R R BT 5 T R SE T BT &, EARJF AN 1 s (BLS K
PR Th BEAL 340 B HLE 28 (B-COFs) #3 LDIMS  J52:FH TR B/ N o b Ja ) o ix e
TiiE R AR R b e e R R . XU IS, BRGSO R, R R IR
ORBHFEZR. KRR, WK M%) & Do Tobirkill, BAmKET. RS, RIEFKE
PR PR R e 1 R U R R

R HE P B BOCIR T s FUGRRET MIRIIREAL IS AL AL, A, R
.

%
*
o farget analyte \ nontarget analyte %:‘%‘;; ‘ BA-TpBD LDItarget plate

1 3T BR AR ALIK COFs K%L LDI MS J73: 0 T BN FAL 43 b7

SE IR

1. A.J. Pluchinsky, D. J. Wackelin, X. Huang, F. H. Arnold and Milan Mrksich, J. Am. Chem.
Soc., 2020, 142, 47, 19804-19808.

2. K. Horatz, M. Giampa; Y. Karpov, K. Sahre, H. Bednarz, A. Kiriy, B. Voit, K. Nichaus, N.
Hadjichristidis, D. L. Michels and F. Lissel, J. Am. Chem. Soc., 2018, 140, 36, 11416-
11423.

3. X.Huang, Q. Liu, J.J. Fu, Z. Nie, K. Gao and G.B. Jiang, Anal. Chem. 2016, 88, 7, 4107-4113.
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KM, ZEEEAE, R, B &, WieE
1. ZEHR BT E T S 2t 7 fr, 65, 100850
2. FEPBLEGE SR A0, 65, 100085

AT AT SR A BRI BB A RS e PR B R I A5 ) R 26 E, JCRASF KRB R &
PR BOER LI Z R EN. B 5 RN b fAb gy, R AL, SE
RIS FIAL B A S 22 4 A R B R o s LB B BOR T ZE T =X
PR S Z BP0 BRI AR B Ak, AL B RE  ARs, E AL 2 BN
Bz ger P AR E SRR O F 200 ZE T, AT AT L 20 55 K 8 251804 (fentanyl analogs, FTNs)
RS, B, FET BB FES R (DBDD BAZ5 & DURAT ®ATHS (8] 1 (Q-TOF
MS/MS) REH — Rk HdE, Wm0 Pl 8d &, JFE45 7 FINs () DBDI B
ZEMEE . IR, #XTIBE (DBS), AL 1 UEC M SR i #A A& 1% J 3D 4TI,
SELT e (5 L) I AR DBS s FTNs fpdfsill, REEZEELT ng/mL K,
Rl By ] <20 s/FEAN . feJm, T FTEEARM) FTNs PG mEd, ST DBS Ff &4
AT LT « AH 78 NEAT CUA1 FTNs (PRI AT VB 7E R 1 FTNSs (13 E#E ) 57 2 S bR R R A

R SFRJE, T, FUE AR, PR, TR

A B . . . . . .
g - . - * . .

100000 - EIC (337) MS(+)
75000
2 »m/z=105.06988
77777777777 50000
2 25000 -
7]
- 5 6003 EIC Product lon (337 > 188) MS/MS(+)
m/z=216.13829 _ - 1 roduct lon
1 m/z=188.14337 £ 4500 4
100 ng/mL
o i i 3000 - SIN=8.5
j’/ NL:149.08406 u 1500 4
04
T T T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0
Time (min)

Bl 1 FTN 7£ DBDI-Q-TOF MS/MS H 2 (A) J DBS ' FTN fffudsill (B)
BOA: B E R E AT AT RIINE  (No.2018YFC1602600) [H#H)!

SE IR

8. S. M. Burns, C. W. Cunningham and S. L. Mercer, ACS Chem. Neurosci., 2018, 9, 2428-2437.

9. KFUE, TAME, WUCH, Rk, E, WEIKE. 2R, 2021, 40, 429-439.

10. J. He, W. Wang, H. Zhang, Y. Ju, K. Yu, X. Zhang and J. Jiang, Talanta, 2021, 222, 121681.

11. N. Na, M. Zhao, S. Zhang, C. Yang and X. Zhang, J. Am. Soc. Mass Spectrom., 2007, 18, 1859-
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L ARG RS A A A BE, T A S E SR E IR A i i b, JR AR EG 540
AR RS A, WA BT, 430079

2. TR AR R ERE, )TUE R T T, 530004 ;

FEVELR AU, X — 03 B il PR ST F 10 il EAT 265 78 o 4% S R AN SRR il o 5 2k
EIHITE, MR, RAMNEEMEHRNBETAZ —, E£FIINHEESE. REYUS L
W LB A E . IBRERSEE L, B SRKECT AW ST, H2El A
AR, B4 PRt VBT ROBbIR, DRI, S 57 [ BRI 2 20 v v 5 14 70
Bl s, AT R A RO 2 E B ER B AR SRR S RS 1], St e by E2, it
JeAE B 5 (LDI-MS) ELRERT AR B REAT R AN 52, 1207 iR (S, To R AR IR
sty F AT T o [ B SR ARG U T AR 5 B 4k T B 1 I 8B 0 AT AN 51 155 ) FE R
i3 LDI-MS AT AR5 o I 1] () Gl B BT [ A &b 23 At AN [] it bt e ] it A [ R R
BEOFABREIAT 2 REE, EH T T BEZREEL M HRBUMAN L, AT EREI L,
AT EINE AT, A2 2T E R AL A B S I A IRTT 76 SOEHIp . T
X EACHITEN, RIDCXS BB, RN T sk QU2 2 77 3 e
GBL, ECHIBOR T 2 Bt 25 W Bk B 2 A A o [RIIRE T 78 1 sk b i ISR 45 5K
LML By 4EZ A BO /KIE UM LREE OG5 RRW], FeRbKIs i i
K MAE CBEE R U500 e
R WOLMR R BG . Yekl, BT

S 300

1. Jones R W, Mcclelland J F. Analysis of writing inks on paper using direct analysis in
real time mass spectrometry[J]. Forensic Sci Int, 2013, 231(1-3): 73-81.

2. Grim D, Allison J, Siegel J. Evaluation of desorption /ionization mass spectrometric met
hods in the forensic applications of the analysis of inks on paper. J Forensic Sci 2001;52
(1):1411 - 20.

Email: hyzhong@mail.ccnu.edu.cn Tel.: 13697030930



mailto:hyzhong@mail.ccnu.edu.cn

36

HZERERESARRER RN IR H

BRR ', MiFEFEC, WICORT, HEIE), dEKC, EEa
L TR @AW 793 315211;
2. TP TOERERA R AR T 315100

WE: FOoRE TR MR TR, MRSLie S PUE AT B R A T A AR
B E R i DL AR G PR B VR ERR AR WIBRR . B IR R S O 17 L,
et — b B R B B BOR R AR B R A I P S i T RS e IR T AR S T AT
P AR SRR, RO E A TR BOR . A T TR
~ B e SR TS G L U5, SRR R B S T et i SR e A
RJa4H T Q-Trap MR A WOT AR TURIELEREFER 3 R & MR RS, e
% H ARV B R HE B I (K B 20 A s B2 W] HE R A B e B SO A, DRI TR K
BRI o IR FUAE SRR R, H L 5 AR ARSI FEARIA B 28 (N R B AR
DAL Hrtf, PR HRIRBIE S S FOEAT I /KT AT TR R (e 2 B DA o 1 BRI B
FIHET, DB i B B SR A HoAh U A fer 3R At 7 A Rl TR 555255, ok
TIN5 PRI AR 55 KT

JCBRiE] . EREHERE, BRI, BRE EHh; Q-TRAP
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1. X.C.Zhang, Q.C. Zang, H. S. Zhao, X. X. Ma, X. Y. Pan, J. X. Feng, S. C. Zhang, R. P. Zhang,
Z. Abliz and X. R. Zhang, Combination of droplet extraction and Pico-ESI-MS allows the
identification of metabolites from single cancer cells, Anal. Chem., 2018, 90(16), 9897-9903.

2. S. D. Hu, Q. Q. Liu, P. Zhao, H. H. Hong, Z. Z. Shi, Z. Y. Zhou and L. H. Wen, Electron
elimination method based on single electrode dielectric barrier discharge ion source, Chinese
Journal of Analytical Chemistry, 2018, 46(7), 1017-1024.

3. C.Wang, W.T.Li, Y. G. Ly, H. Bai, P. Zhao, L. H. Wen, C. H. Wang and Q. Ma, Rapid analysis
of perfluorinated carboxylic acids in textiles by dielectric barrier discharge ionization-mass
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BT, VEFR', FEERBH Y, SEKBH Y, Focm', BAME, ZEEE T
1. PEALAE AW AT, PE% 710024

AR MR S PR A% 3 A% RE R 25 [ A R AR AR AR 3, R A IE
LI BEAA 2 4 S AU 14 LA T R 0. [ A A BOIE AU EL R 2 WA R Al A B4R SURFIE ™ 2
A FEA R AR W bon R & EE SRR AR, I R 28 BT R (B, AL B
AR TR 2R 2 R B R A 7= S (A B B i — IR 22 70 B AL B R R 2 5 IO TR BO
o AR HTIREL A R 26 AR 20Th/22Th FKE HAE AR e SURFIE A DGR IE

NP TR Ailid PHAE R AR L[R2 3R BUAE 20Th/22Th FIZBGIER X, RBCAE ™ 72k
FIRTAEIT Z1,  BlALEL ) 230Th A1 232Th 73 31l /& 229Tho M1 22The, B PR ¢ 5o $ZBIREEAR
R, I ZIE 20Th & &8:

230 -I-ht :230 Tho > e*ﬂThzsot + ﬂ’U234 x 234 Uo > (e—lumt _ e*lThzsot)

/Lrhzso - ’10234
~* Th o< 1_ﬂ'Th23OD +/ﬂtu234 . Uo xt =2 Tho +( /1u234 2 Uo 'ﬂfrhzsozsoTho) xt

¢ W Zh R o 230Thy/232Th () AR R

20Th 234 20TH
ZSOTht 172 Th, = w + (Auzss ﬁ = Atnazo TThZ) x(T-Tp

G, W RAE =N F B Z S AR U EARLEEAT 20, sk S R R e
& POTh/232Th, AT 7 7 FRLH B R M A0, IRAGAE 77 56 AT 46 IF 2 Bl ke ) 239Th/232Th,
B4UP2Th FAEF=IZ) Too BRIAR =B ZIE AR = 4R 8 2 BRI FR SURFAE, T WIUR I 2080 73 b
I ZIf) 20Th/22Th A A FEA R = . T 2RER, Fik, &HFEA R E 20Th/22Th &4
A IOIE 25 o

SRR R B R BGIE R PR R A LR 20Th/?Th HEF R, BHAR T =
AR R, ST A EL Sy B AL TBP A LAHI 4% Th 4ifbill, MAEAESIAN
f) 22Th IKEE/NT 3.6x101 g/g. EESL T 106 E4% DL E 230Th/232Th WA A 22 205 L IR &5 2%
BT (MC-ICP-MS) Z3#fT 751, S LA, 30F YCL. SPATFESRDF YC2 Al
PF YC3 #fanH 20Th/232Th EAE R B85 R 40 lag (0.479+0.037). (1.375x104+4.8x10°)

(2.8582x10-3+2.2x10°6) 1 (2.8605x 1034+2.1x10°6) (k=2), ANHfi 5 F& F) 32 B SR A A2 A

E5RE S LB B RIRE AT T A DG I B AURE BRI P DL R 5545 5 U B AN o B S
RRW, EALAE 20Th/22Th B4 g RS HAb kN &4 RS EET 6, FATR
FOF YC2 MEEYF YC3 1) 20Th/Z2Th 73 #r 85 RAEA W€ BN —3, B 55— RIER 5D
YC1 H1f#) ZTh/22Th i d RAATERE E 57 .

PG 5T M SRR S0 BT 45 SRR B 230Th/232Th A 4R Fe 805 B, AW 9T dor
W74 R, RS R, AT N T AR SO 122 f v AR IR 5 AR 9 55 43 o

R BbARL: RLURFIE; 2°Th/?2Th LU{H; TBP Jif%; MC-ICP-MS

S CER
1. H=2E, EEM, B&E%EEEEAS TR, 2015, 35 (4): 757-765.
2. Donard A, Pottin A C, Pointurier F, Péchyran C. J. Anal. At. Spectrom., 2015, 32:2420-2428.
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VER Y RVE Y, FEEGRH Y, AR VN L B LR AR X E !
1. PEAERHE AR 7T, 5% 710024

BURIORE ) 73 BT A2 i DR B M B AU BOIE P B R B o W ) N A0 H AR B8 T 30
A 25 2H s 2% T 0 2 PPN 5 & B ROV 44 T G 3R R 3 2H ORI A A R S S5 BURRE B
o, BMEA B —XIGE S B A (B PR 8250 5D 28 40 A i 20 1R Bk (8] BERR A%
ORI AR =4 68, AR 8 2 A B LIR I B AR, Bl A B2 T O O A% TR B s B A IR
T 5 (1 B 2 R 25020,

%Hﬂﬁ*#ﬁiﬂ%ﬁﬁ 230Th/234U\ 231Pa/235U‘ 214Bi/234U ‘*D 227Thﬂ35U %%{ZISH:'TE [1—2]0 /ﬁ\:qj,
214B4 1 27T 38 FH RO 7 R, 214Bi/234U A1 22T Th/235U VX A T 2% iR Bl AR 2 i 4% R
PIANKF 52 FE AT/ 5% AL FUR T ik, A R & SRR A, v 3keE>
A AR AR SR AR, TSR — AR 20Th AU (BEJRECZ LU ST 2.83 X 10 ¢,
{ RS, AR y) B BTPa AU (BE/RE LI REE T 9.84 X 107100 . AHLL T~ 21Pa /AU,
BOTh RFERIRK: (7.57X10%y) KRARFEFEK (<105, a5k TRk & Azl s 4 20Th
(P TRCE 1 3 Z  i  P AS IS IS BE /), L RISEAERS 261 R 1) 20Th 24U By, [FISERE %S
BRI R IR D, B, SR S RS R NENR 20Th 24U RO AR 4
TR AERE I E T2, o, BhER o B Al 5 RN = AR BRI RS2 20 ) 8 & 20Th F 24U IR
FrFAZ IR A B FETTIA 0.4 4FR1, SR [ P &K R F T hRORiA) o iR SCHRRIE 3

VPGB 2> B Ak ) RO =R R E 7 Al E & 20Th A1 29U AR BT gk
BOTh/24U & K A2 Wb (RS 77, A5 B 6 MC-ICP-MS ZHrEbR BEFREE, PG
HAER 20Th G G, 459380, 22Th smlgHE R AR =F LI 20Th 76 R 251 230 &b
PEARME SR (37 ) Z9)11 cps F 1.2X10% cps, 7E 20Th MEH m ALK EEFREE T 1)
B2Th YR NIRRT LA ATATHE,  (H 5 BRI REAS RN S Hi FE R

25, R I ARAS [F) A 3R B 1 CRM124-4. GBW04234 Fil GBW04238 (1) £ AN ki )
DA BN, A REJE 0 BN 233U FREFRIAD 229Th #ResRl, Jorb, BN 2°Th #REFA
20Th & fEFf St — o0 B Aih 2280, 2 J5 R H 2 B R & 55 B R TS (MC-ICP-MS)
A1 HIE P8U2BU F230Th/22Th HUAE,  ER R 20 R I 57245 2 e w1 VR R 1) 2380 IR FE AN
BOTh ¥REE. T ARUANERY  280/240 W g0, 3 — i 240 IR DL 20Th/24U
OB, 5 a2 W H R A ) A P A

ZERKW, 6.1x10°5~3.8x10%g  (CZERLT HAVRAE H ORI TR ) B % CRM124-4,
GBW04234 Fil GBW04238 4kt 20Th/24U BRI B AR R AH X S 56 b vEE AN 5 20 1)
T 2.7%. 6.1% 1.8% (26), CRMI124-4. GBW04234 Fl GBWO04238 Fit & 4tib4 ki A4
FER LSS B RE (56.84+1.6) . (23.0£1.4) EH (22.6240.39) 4, K525k 3| H R
[EIRe i G o

A FE I I A T IOK ERAN BRSORE AL it BT 22 e 2Bt RE R 1) 230Th/234U LA,
FS WA RE AR =R S, AT A% OR R B AL UE $2 R S HF

REEEHRTRIY) 23 Hrs BOTh/A4U BUA; AP 4Ele s [ MR T 1
L E BN

1. EAEE, WA, BREZE S SEMEE, 2017, 39 (5): 368-372.
2. M.G.Amy, H.Amélie, S.K.Willian, et al.J Radioanal Nucl Chem .,2016,307:2055-2060.
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B 2 M AR BRI 00— KAE T, A r) Do AR A I 25 &, 2 B AR T — Bk
F T o o B SR WA T AR 9 B 5 R A T 70 PR 25 i SR 1 SR, R AR ROR B,
ORI RS, 205 AR, RERBIBEFINEESEAR, SR AER
i R OHGE NS o JA ORI BB A AR IR S 1 dh BRSSP S A
NS A T SR IR UG I SRATHEAT 2R 5 R OF, JER AR . wlor &l FRAGAR
Rl ZLAN G A Cl B B I A THEAT 1 20l e, G5 SRR, i TR 7 R
A HELERASALL, PR AR R 3 o R VIS TR AR O B3 - PRI, AR KBS AR RERI REA ,
NI RIR . B, SRAERIERE T, HAVLAFRE, )5 AU, KRS
YIS ) T ok, A AR TR B ACR . RO FEROCR, FRIRABA TR
e BN R 2R MR IRE AR R IR KRR P KRR 3 SR S WD AT RS 4 1

R WA, AR, UM - B
S 3R

1. R.M. Sanderson, Microgram Journal, 2008, 6, 1-2.
2. R.M. Sanderson M. Microgram Bulletin, 2007, 40, 79-80.
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DN K A R O3 2 0 524 B BRI R & BT (R T B UK RR R R )
JRANGRALERSE 18 R 5 51 N CIE 24 F SIS JRRIE 243 i RIURS A4 243 o 1) i R b H SO IO )
%%Eﬁ%*WMAﬁﬁ%%*%ﬁﬁﬁﬁ%ﬁa@&i%% ORISR B A R AE
[EZ i, FFEAIRGE. T8 EPOAAm, MARHEYI R, X4 RIS H R iE
%@ﬁ mLﬂﬁméﬁﬁﬁ R I, KT LRI 2SR, R L AT

ﬁ%&ﬁukﬁmwBWHmmAﬁiﬁﬁ X PR BT ET DA R R
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—0 3 \>
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N /
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-CONH,
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7\ D m/z 201 Em/z 145
AN ) VAR
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o Ay w P SV
S S
w e \ S
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B m/z 286

& 1 ADB-BUTINACA Jii i 24 [

W 1R, BBOKRE I ERGECA TR, RO HILEA . AR R IE T < H
BLE m/z 145 g, Wemivesr, NS HBn/z 144 (., HRT&RRREMENRZ, BHHE
FZ% U X S V5| W ATV R ER, BT DL — BRI m/z 144 m/z 145 ()R BERE s sk o Zi 5| i & .
CRE H ARG BT SREA .

R SRR, BREE, M EE-miE.

L E BN

1. XMRS. &RCRBRRMMOC R SR TN (1], FEEE 75, 2021, 36(1):

2. CARSON R. HARRIS M, ASHLEY BROWN, PHARMD. SYNTHETIC CANNABINOID
INTOXICATION: A CASE SERIES AND REVIEW [J]. The Journal of Emergency Medicine, 2013,
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1. HpEBREEBRAZEF AT, bR X IE—# 2 5, 100190
2. FERA YIRS E L, BRI R ET B 17 %5, 100038

XPAUHR I35 B AR B A SR I 45 8, A T R4, & R4 e M
W SREERIAR . WIESE e PR A 15 H 4RI f (X 2 R0 s R K, e AU P R
Phll, mxRF T RS AT SRS TR . AFER A ZGURIE . AT Re AU 2 R, H
INFFRIERKR G ESARENES, Bk, A IRRIE N 02 X2 A i B AR
RS AL . R R RS, C R R S Al AR A, AR AL A g
ROVHMEFII A *, REXH RN IR /N F R B e B SRS T . BRATE L TR T
UHPLC-MS BXHEE AR X 4r 5% e 4 5 A &1 538777 % (Figure 1, Left) « PCA Seit /it
1B SRR AANE I (peripheral blood, PB) 5 H 22 1fl. (menstrual blood, MB) J%
H& A (MB-Ctrl) T URIFIIIX > (Figure 1,Right) « 45 & HEmiEs: R, T
T PCA 25 SAIbRHEA T — I F AT S5 6 b, TG HENT AN I 7 FheRRIE AL &4 (PB)
HE I 4 FHESAEAL A4 (MB), FRJET- HMDB 34 122, $2 HARRAE 2 F il RERI S5 4 K B 1) LC-
MS 434 755 R F B SEBR & FE 0 73 S Al o, SEEE T O6F L3R 2 2H 2R KR I HER 4 08, AR
PR E 1t 5 PRI AT RBAR AL T BOR SCHEARL AR -

_ highspeed
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o . — |17 — were extracted dried, £ 2 .
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Figure 1. (Left) Schematic illustration of the UPLC-MS method for identification of blood tissue
source ;(Right) PCA analysis of UPLC-MS data of peripheral blood (PB), menstrual blood (MB)
and carrier (MB-Ctrl) (a)- (b) in ESI(+) mode, (c)- (d) in ESI(-).respectively.
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1. EHREBEBEF R AR5 i, dba, 100850;
2. EREERFE ARSI T L, JEE, 100085

SR JERE w BT SRR BN 7, TR PR b 223 A T 500 SR . LR AN R BE
Z— R, S AR [ B b X ), SRR BB, KA AR A
SAE R T E B . A TR E IR SF RS AR AR R A, S H R iR Th B3 5 (1)
R R B B X S S B R SR 0 AL TRAS AR A
F BRI B IPAE Bf T AT LUAS JS o R A i 5 20 R B G FH R 5 22 BSR4 I e b
PR G, W] S 2GR =4 ) B i AN G5 4 5 5 ). AN 9 SR FH R v S0V i - DY
WA - FE 37 G B e 2 PR (UHPLC-Q Exactive Orbitrap MS) HiR 45 & 2 FeR & J5 Bl
ZHREAR (RETHIEIE. ZRAoTECE S FdiE &bt E R g, BEEFEiE) 65K
JEAER BRI IR =i AT et 5% e . S HIFRJEm 31 MR =y, Hb 5 AN
HIRIRE . A 7R TR RN, $ER25 KB RFRIRA . 1 20 I B A S A
P AT e R R 5 B8 B AR AR IC A . AT 5 AT B B S5 R J AT AR D AR A 7 1 4
N e sk I U i TR ) L B e W NI € T e S

RKegw:SrRe, R, moa PR, BdEisE
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ETRAPFRESORKLE OB P3Ot AR R E S e

P, ERE? pEE Y, mEgE !, 4o
- ESEREARTS, HY 266109
2. FEVEE R A AL T2, S 266100

WICHE 171 (fluorescent whitening agents, FWAs) s&—2R5% e 4ekl, BEAEAME, |
ZMNAFgIE 480K PR ok BRI R . &AM R . ST Ak
PRSI f5 5, PR R Wk B 258 [ SRR M X L8 il e 17 A SR b fE S LR, 4 GB 9685-2016-+
2002/72/EC. (EU) No 10/2011 5. fEZIE RAMATIIE R, HECHEOVHEAFR LT W,
BT S B [ 2 WA, 15 A B Bl i 7E fa B A 4 S5 1R - 2020 4 5 H
B EIE R AT L0 T GB/T 38880-2020 ¢ JLEH M B H AR, XF LI B TV EA AR
ZOR, HAENTESRAR RS R <A AT O e A,

HHAT, FWAs W77k A RN OGETE . RO a A ik
(HPLC). SR0RH (il -B BR i vE (HPLC-MS/MS) Z50-31, U 7 VEfEE R FEMEIR. R
BUEAR A WTIEEAR. RPN, a1 GB/T 38880 HHfEE A bR #E FZ/T 01137-
20161, FHE=MFNM, FBHFEELTH 48 min, A FESHT 9 FPIEE 7). T GB/T 38880
H AR B BRSO LIS R TR S BRI, BAE)LE O SRR RUE A AR, T dET—
ANEEE. mREEM R, DA RIEIESR, KRB, (R L3 {d .

RSN T HET m RO R - m B R E S M R A S E 18 NN R L O
6 K2 31 Bl FWAs 715, DLAEE: 7K (3:1, viv) TRGIEBONIRIGAR, HiAE BhAE
BOLE D E ) FWAs, AN R 5 mmol/L ZBREVAWL, FREEVEH B, KH«“4H
TR A R O AT 2 HETOEAS I . T AR T B TR R FE
bb TRIUCR BE IS IE] S THOMRY 2 45 2 4k (5 BT e M AfE, i Xcalibur, Mass Frontier
A ACD/MS Fragmenter #XPFXIAG H KT 3 AN JLTE TER 1 4 Bl FWAs AT RARIG 1R e F 25
FHES: o 3 BRAH OCSCHREI AL S AE il BRI = 2 (Level 1D, AR FTIE 4 Fl FWAs
PIbRAEPD AT T e HIE, JRRIN E & o AT VR AR ) PO 0 B G R b i, TERE R
MITEFF A, AT DB e 38 B ) IR B 25 R O G R, 7RI A2 LR 1 SRR DA v PR )
BORBIEIRN, SCHL T AR B AR IR, REAR R B ], AR E O, fRRE
JLEAR RS T A IR SCHEER

REEW: SR - HERE s SOBE AR, JLE D, JREER A

SE IR

ERERY, ZRAETE, BRER, e, 2L 00, 2017, 26(4), 36-40.

RRTE, TR, 8, IR, 412448057, 2018, 35(5), 55-60.

wte, TOHE, ¥R, A%, BRIl A5k, 2014, 33(9), 1031-1037.
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ATEEM-SURBR A E B4 LG R b 2 RA R &Y

t':ij—ﬁ 1’*1 Elrﬁ‘% I}/iﬁ%%l’ %ﬂ(ﬁmly j\%% 27 u‘l’Hﬁ%‘é 1, 9}&*)!(1
. FEERERTO, 1R T 266114,
2. AFFERFRFAAC, Wb AFEFE 050051

My Ak 5 ) AL HE R Ry L AR R R IRy | e ORIy Ay 2555, wI AR B Ja3 751 2% 1R 51
BEIRFN S ekl AR S, )32 N T 2R 40 ) LG 237 oin T AN AR = 4idek . IxX e i K2 R 4
FEEEME, PRERN R IREFIBCR S E K H X EREE TAHIOEM, X AE S
SR AW AE FBEATBR ], 21 GB/T 18885-2020 F1 OEKO-TEX® STANDARD 100 %,
H o GB/T 18885-2020 (A& G7 4 B AR ZL R ) A #2240y LA b A - 0Ky« 122K
IRAEREY . PEEE IR B8 <10 mg/kg. My A FRE<0.1%, JFK2E40) LA b A 4R 2R 3 25 1)
PR <50 mg/kg PN <10 mg/kg, ZAndEC T 2021 455 A 1 HaWiE, HxT24)Lgi48
7 it 1455 FE A7 o PR o B D A

H AT 2240 L7 237 S R I AL S 0 A IIAZAE AR ). — 2 BEE VR AN T 58, A
BEA W &, HA e K I 2R A A P S IR SN AN W 2 (A, T A A DA I
PRt BT v A A T ) CLZE AN e 7 5 VA L SR o AR G AV SR ) LG 4 i i 2
A e R 1) 2 02 oy SRR, FER BT IRAR . A &, (A YE R, Mg
—ANIE A AN A ) T 2 S ORI B A A P v R U e B A I g vt e — A M
ARG . A SCRA“Z K9] — R HrBiald = K2 (e, w2k, Hihk) 3t 17 #
iy A A WA T R, KIS SR RCR . PR I A, 56 4278 o | N AME IR OG T- 32
LGSR G ZIBR ], EANE N A .

RIS T RIS S ok 2-FER Ry 3-HUEOR Y. 4-HR Y. 40T 2
Ky A-BURFERTY . 4- IRy SRRy . 4B RE2K M) . 4-1IE PRI 13K
4-IEFEIETY . 4-1E TR Wy AF. W Fy XUy AL XUy S &5 17 P25k & 41 )
oM 792 BRI A E A BV R IR,  ZREFATAS, ATAEYIH 4R CFEREEL, St
RGN e, ERE T, AMniE R, SRR BAmRES CRETRA
A S A BB, R & Rl AL A ) S L[R2 A AR e At o o &, RS B B E B R
Mg, SR ATAEMEAM . SIM B ikt WHR — TIL2KAE (TNPP) T4
ZHBHUIRT AL, BT 7B A : 1.0~12.5 mg/L a2k 56 & R (12>0.9990),
[ESCR N 80%~110%, FHXIHRAEMZE (n=6) N 1.0%~8.6 %, E=M AN 1.0mg/kg. KA
FHERET 10 RASTRE 30 RAZELLGIL 5, W) LE A, JLEE RS, R NeEY
FENEEYIR RS A, U F. W S), & &EVuME 7.7mg/kg~35.9 mg/kg.
K@ B4LGiS s MRAEY): BTN AU A S

SE IR

GB/T 18885-2020 A:# 414 AR B K.

RUE, IRFUOT, EOAL, 55, ). Arli=ER, 2013, 32, 336-340.

Patrick L, Rainer M,Shuiwang D., et al., J. Marine Chemistry, 2010,118, 85-97.

The International Association for Research and Testing in the Field of Textile Ecology (OEKO-
TEX®). OEKO-TEX® Standard 100.([E PR 2545 2 bR

5. BS ENISO 21084:2019 Texiles-Method for determination of alkylphenols(AP).
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AL ERFRIAR SR B AR e 2 I R s o T SR AR e AT

JoE, BREE xUEh, RIEE, e, eI
FRERFU TR, Pl S d B B X e =, dbat 100850

TE: H 1997 F (R A L) IERRAERLIKR, SERIESE IR S22 R s 7
TR T ERBO, (HE TR b Ak 22 g K AW, B 2020 53 4E v 5 285 24
LM FEFIANAS, E R E BT 0N . AREBREEEAEY) GE5 2.B.04)
PR PETE T BT S BEAR =1, Rt A% 7 SRR s R, (HRH W2
e BEAZ, HATH R RS AHERE-RREEH (GC-MS) i 25 /73 O o2 e R 2 75 oK
A% 5 Sl T AT 1 4 AT SR S BILYR BRA 11  R

Trid: BT EAR KSR R EE AL S D A% O i R AR S5 M . SR B i [ S5 e B AR AL
K R% O B PHE A BB AR PO A RS 0 50 A, WA SR E 8. IR
BEPEHL. HFOERE A . T S RRIE S BAE N GC-MS/MS HEH 0T 8 22, 240 o itk 2L AR 00
T RERZ ) “CBORE T SREER

G YA O JETHHIER Ry, Ry FEFIYIHHER, WEMA SR, Kl m/z125,
139, 153 1) [M+H]EDTE T3 4 Ry, R ZEHEICH —/ N NFHER, HEMEA MR IR
fidk, R RE m/z 111, 125, 139 FRRERE B+, T 5 4k sE Wil sa e i m/z 93, 107,
121 MRFERF A 5 24 Ro, Ra JEPIIAHEERS, RIS PANGEE, KKOER m/z 97,
111, 125 MIRHERE R 87, R4S — AN EREIE R m/z 79, 93, 107 FIRHER A 21

GEil: AHF T T D S I B g 9 SRR S T, RIS A R R IR R S &
VIR A, [FIB R I R B 2 A BN, b LR, RS EER, Mm o As
AT IR RERRAT N o

o) 0
I 5 +
re0T = rATY
Ry, R3=Methyl m/z 125,139,153
1R i Q ?
—A _R + +
RGO rPROTY L gARoH, 5 rA
O\RZ O\ N o<
R,=Me, Et, n-Pr/i-Pr Ry=Methyl, Ry#Methyl m/z 111,125,139 m/z 93,107,121
9 ?
I +
P~o-Rs P<3 R
Ri” o\C; — RLOH:  —— R
2 m/z 97,111,125 m/z 79,93,107

R,, R3#Methyl

B 1 AR BRI AW B T R R S A IE R B T

R AHGHA Y FACKEEE RS, U GIE-SUEI B
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R OBEEE, EEE, KK, D, A
A S AR RHE T FE e, Tk 578 2% dh 2 W AT, BT 100176

FRE R S B R L i A2 7 BRI 2R [, 2020 4F ) LE AT S AT s ™5 9000 1478,
R E DAV ALz — JLE MR R %S ) LR @RS B MR, 2Rt 2rmEx
e ESRE ChEJLERRME (2021—2030 FF)) ¥ “52FHJLEH s i E 22K fEA
TEARZ —, HHBBIRE IR g 5 LR E 7

A8 ) LEE Y 5 B 22 s I ARG PP A 408, BRATIE LRI T R SIS 1. 0L T
[l P9 41 LB FH it 20 00200 1 e el A 75925 3 T SVOC BReosker I Fr) 42 28 R T2 7 i 97
JRE ZbRAE GB/T 391815 2. JFA T BRAMULEE LB, AFURSCHE . LA 567 i AR [A]
R i, AR KBS RA SR A S BRt T Ry %8s 3. 5L TORMHILE A
AMBIER ERBUE PR GV ARKIE AR, ARG A UL, 2 T 70
) 7 P 2 it R RN 2 P TE R SR 1) A = 00 i PR B A T3 325 B0 OCRAE T 37 A i R T e 4
[ 2T LB 224 F 22 A4 AT 30 7« AR T 2 it AR PPAL 7 B I TAE R R, —
SERERE R RTRG 1L SR R T R A, R e M A I A

R Uk, JLEMM, FUER A, TR
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AR R SRR SR G B i 25 AL S

AR !, Frse
1 BERAER, BRERZEYEAT TG, Ll G b

TR 24 1™ SR A Bk N 3R AR 22 A AR SR AN P AN A T8 26 7 2 1 R
PEBORRCR, S 2 R TR 40 % A2 SOS SE, i EIAH T i 24 44 14 1A A ik 245 B ) A
o METEERALNZE SOS RNVAERM L) —FiADl. 2 4% 1 22 R 40 B 20 it mT DAAE 2R 44
R K AEARIREI 5, PN 25 (AR LR AR . 1Mo H., 4R RS RE S
B AR G X DU AR B DG, o — 3 2 1 R 0 Rl A ROPRAS 1 S A s o 2 DRI, 20
TACEZRPUER 5K SOS S SLIIHLHIR F 4 H AT R R EE

AT TR e P B SR, WF TCAH IR 250 5% N S AR K705 WL, S8 R 2540 5 5
FIE, JTAAME R 7% AT FBit il 7 =Bia S i iaiz S, A S #)Z PDMS i
BR, HEy—/Z PET Z 4L, BAG R P PMMA BIE. 550881 g A
B K AT G B R AE = WA A M B R IEIE T, A A Sk A AR BB SRR A BT, L B AS
Al (B 1o TR S R i i i S O AR, ST o 1 A A PR S A2
2okl (B 1. SRS WRTE A, 2T E A B S A i .

Bacteria Antibiotic Water

e rl.a A~ L 2
e | e ‘ N
[ L NN . Aj,tg ¥‘ C'“'~l-‘---'-~--1~‘..§.;,_‘
X . . . 1 \d

# Bacteria an Deformed bacteria # Antibioti *

BT st i WA R B TR R U S AR e LeAs

SZEEAMMCREIR, KN A EVE A R ARG R 32 PUE RO L
AR R AR EZA . RIET R HRAGHER Y c-di-GMP 540 R 251k
EVIWRETE R SR TN 32 P R A e S I FAL =2 A R R AT 4] c-di-GMP 65 7
By, PSS ERRIMOE, RISk (CEF) X Zin 25 KA B Btk (CHD 15/ MK
FETREZRAD 4 45 (B 2) 0 ZMRATINIR & HUA SR AN HT VA IR RCRAE ST 0 F A 758
W N IAZ R K I AT B A B (CICC), Bf A p W BERGRPUE R IR UMk (AMP) B
IR (B 2),

1.0 1.0
10°CFU mL-! 0.8] 5x108CFUmML-" 5x108 CFUmL™" 0.8] 5x10°CFUmL-
0.8{CH cice i 0.8{CH . cice
- = 1 j 8 /1
506 ;ﬂ 5"° Y t gos : ,;Jﬁ'{’ 5° HHGH
8 / So.4 / g ¥ So4 « :
04 / She [ S04 / he /
0.2 ‘,"J 0.2 “" 0.2 ‘:"‘ 0.2 /
o P 0.0 i 0 Hi!,’ -
T I e 00 00 <~ 0 e
R i s e ,LQo.‘b%\'l“\'z,%“ °.>'l°1?’ LN N0 ) skl
CEF (ug mL™) CEF (ug mL™) AMP (ug mL™") AMP (ug mL™")

2 RAEE PR CERE) KITAER G M7= 1% g N B AL BRI AT B Ak
(CH M1 CICC) [t/ NMIEE IR FE .
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DRIE, AN FEBR Y T — T & 5 HU AL 3 AN R 32 PR ZORIBOR A B BB AR I RS A 5 i 265 4
SR HE AR 7 PRV ER 5 AV 0T i o AT FU O A R R 245 AR G (R 2048 2 IR SR 20T R AR
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FH T 40 G 0 At H g 6 A SR 0 S RE 5, 200 T - /1 2 40 M RE ELAE DL, 2590 ik,
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A MDA Voxelotor FN R 44 58 BE 2 A

REPL, HE, R
L LA 2A e b PRSI S 06 =

Voxelotor /£ Jy—Mal ¥ () 21 8 L RS IR, T 2019 473K FDA #it#EH T8k )
P2 B L (VR o DRI AT 38 AR 40 i 465 40 RE 70 AT 32 s 3l AR RE K, Wik EEBE A
*F, Voxelotor #ith 5t e &5 7IHLAY (World Anti-Doping Agency, WADA) 44\ 2023 2%
FAiE . ZRT, Voxelotor £E AR AR S PRI HH AR RS BR AT 0 i AN 7840, HE AT 3G
S R RO A IR A5 o S T2 B N FE RS T, I HLP R A i) EUAAS 2R PR A,
B A AR RIE A LA St . VR N 25 A MRS I 2288 T, B &2 524008 M40
3R PASO IR G DIRESEALEG R 40, DAL,  DUHAE AR R A SR A 52 B ACU A 7N 5L
Iz bR, For ROk A4 A 1 i 7 v DL Rt AU Bl = 22 )AL A B N 5 0 kSR 44
AHEFUE I R N JHRORAR T AHAT T A B84, 454 UHPLC-Orbitrap Exploris 480 1553
HEE, RIOZI AL N IR iAo AU AR B, N3 ST. Voxelotor A AR (1) 2% 45 7l
WS, LW E Voxelotor MR, BESRICAN H ARG I 2, CABERR 2l
B AFRIAEE, 20l T AR TTARARE S SR R J5, 37 CHEE 60 min, 4 LMEUTTE
WA A LA RA CI8-PFP (il AE3E4T 70 B, Full MS 454 PRM AT Hodk
£ o TR o HEECHR B AR R RS 18 02 A LU S BEAR — SR S SRR AT, BRIE L2544, i
it 7 Fi' Voxelotor MU =4, FHorh T AR =4 5 B, e HrEACHHE 1 3 Mg
B (+O). 1 FiltkEdEl (-CsHe) 1 Mk (-C7H402); TTHAHACH™=4 1 B, sr#ir el
N EIEREIR A & (+CeHsO6), 73— FMRIHEIR R I AR A (B m/z 09 617.1903, JR7YZY
V) m/z 9 338.1499), &5 R RN iRt — e 2% . il 7 MU= P ik 4
Xof O] 25 R, HEI K AU 6] A W I IR & AR P2 ) DA B S A AU 9 AR S MR 1)
T, AIRERA I > 7577 Voxelotor IITE7EE 2 HARY), A EH TP
AN AR, (RN A R BE 7T 4Tt

RG] : Voxelotor; MK P4as7; MRAMR; UHPLC-HRMS.
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Mass spectrometric characterization of the in vitro metabolic profile
of a novel peptide doping BPC-157 with stable isotope labeling-based

strategy and implementation of the drug in routine doping controls

Tian Tian', Jing Jing', Yuanyuan Li',Yang Wang!, Xiaojun Deng', Yuanhong Shan'*
1. Shanghai Anti-doping Laboratory, Shanghai University of Sport, 200000, China

ABSTRACT: Knowledge about the metabolic processes and the produced metabolites is an
essential element in successful doping controls due to the effective design of analytical assays under
consideration of optimal analytical targets. Although pharmacokinetic studies on healthy volunteers
are valuable, they are often difficult considering safety reasons and ethical constraints. Hence,
suitable in vitro models and efficient analytical strategies to investigate the metabolism of prohibited
substances are in necessary. Here, an isotope labeling-based nontargeted analysis strategy combined
with liquid chromatography-high resolution mass spectrometry (LC-HRMS) was developed for
the in vitro metabolic profile of a novel doping peptide BPC-157 published in the 2022 Prohibited
List. Using 13C/15N-labeled BPC-157, based on differences in the characteristic behaviors of the
light and heavy isotopes on LC and MS, 7 metabolites plus the prototype drug were screened out in
human liver microsomes incubation system and the main five were identified by synthetic standards.
Futhermore, a sensitive and specific method for the screening and confirmation of BPC-157 and the
main five metabolites in human urine sample was developed by LC-HRMS with LOD 0.01-0.1
ng/mL and LOI 0.03-0.7 ng/mL, which meets the testing requirements of World Anti-Doping
Agency (WADA). Meanwhile, the method was validated for quantification analysis and showed
good linearity (0.01~50 ng/mL with R>0.995 ), excellent accuracy and precision (RE% < 10% and
RSD% < 5% at 1, 5 and 20 ng/mL), high recovery (>90%), and slight matrix effects (ion suppression
effect: 21%~30%). This is the first systematic in vitro metabolic profile study for BPC-157 with
human liver microsomes, and the first to establish a high sensitive and accurate method for this
prohibited substance and its major metabolites. The isotope labeling method can be used as an
effective tool for screening metabolites in doping control and the in vitro metabolic profile may
provide insight into the change process of BPC-157 in organisms. The identified metabolites could
serve as promising targets for the detection of BPC-157 misuse in future anti-doping applications.

KEY WORDS: Doping metabolism; Isotope labeling; BPC-157; LC-HRMS
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Ambient Ionization Mass Spectrometry for Rapidly On-line

Detection of Biological Warfare Agents and its Simulants

Meng Chen!, Cuiping Li'*
1. State Key Laboratory of NBC Protection for Civilian, Beijing 102205, China

ABSTRACT: In the context of current international conflicts and localized terrorist operations, the
threat of attack by unconventional warfare agents is ever-present. Among them, biological agents
include both pathogenic microorganism and toxins deserve special attention because of their ease
of production and dissemination. Fast, precise, and reliable analytical methods for screening and
determination of targeted and unknown biological weapons are desired to evaluate the changing
field site situations and potential bioterrorism threats. The rapid development of ambient ionization
mass spectrometry (AIMS) renders good opportunities to on-site, on-line, real-time, and accurate
analysis for trace emerging pathogenic microorganism and toxins with minimal or no sample
pretreatment. In this review article, several exemplary applications of AIMS in biodefense for rapid
biological weapons detection, identification have been overviewed and the further perspectives of
AIMS in battlefield detection field have been discussed in the end.

KEY WORDS: Biological weapons; Ambient ionization mass spectrometry; Proteins;
Microorganism; On-line
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F TS G- R 2 B PR A6 S BRI S M AR EE [ e 2 SR T 9

JoEL, WREES xEh, TR, Mok, eI T
1. FEHRE A B R W0 T, LS d s o [ X s =, bt 100850

2GR (Chemical warfare agents, CWAs) 2% A& BAT #5345 R TR G 1R sl A
M dh, 8 22 ] A A i ae N T ZE A A AR ZE R B, AL SR G KA 2%
P PR T ff i 0 SE LA~ A XA R 42 JE N B 2L e IR B SR AL S I 22k
TR B AR B A 0 FEAG U A VAT IR B R BN R, (H R S5 2R BB AR
H RT3 UM il - B (GC-MS) [BL [ & )5 7% eIkl e B /K, B G
T (150 B SRS SEBLI FAD ) e I I A

AT FUIE T BBk R BE AL SRR O A . SRR RE SRR R AL, R “R% 0
IHR R4 U 5 BRI A SR 22 i 50 A, 3l UM Cil - s BUE B s 0 9%
SRS R A ST R A DR TR RRAERYE P A5 EAE A v 0 S e B . AER A
TSR AP R RIERL 1, AT 6 MRy E S IR SR P Ay BRI 17 PRI
it B R FI VI B S5 1 o

TR 558 T AR T A RS T R T B SR IS T 50 73 T
PR R, SRR EL BLIRRAF ML 7 REUZ s, G SFIH “Eres 17 PRk i 2R A
PEE%; CLIE T e 0.6 mL/min) 264 F 707 B TSR, EaMAREHD T HE. —
P MG Rt — RN AR, R T R T ARG -m R X T S e
AARBE [ T A S, RSB S R IR SR 15 0 R RO 7 2 5 45 M A E
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Analytical Database, OCAD), .45 J7 S0, B EAL i Fl s A AR T, =i
TERAIR I HOR S S B AR BRI AT T, TR S YRR A
1 73 RSO R S AR S AT T b, NAEB L. Atz e gt st i 2% .
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Online SPE LC-MS/MS JEKS 95 FHitR

TR, 2
1. R (Rl FIRAH

PUERSY 2 N T AN SEABBIR TG 51677 » 48 & POl ATK P R o A e e
AR A I o AR B B R L 5 P 240 T i 24 1P 1 s 2 5 A R o N R A A 2 e
FEEAL, TRy EERMEMS 5 AN R, b AL RERI T3, A A i R A
WD HUE R 524 FEPUE R L OO 5Pl rh, BRI A I i A 2228001
AREA DO, & HASPERINRIH ;. (H2, $H0 S sl KBRS HTHESS, e R
BRHETE I, fER RN E G 2 BPUER, JFHS ik, AR
KA ERE. AT RRR A IR EE, AERUREVE IR Mgt T HE R .

A TTEAS A 2 [ A A VR €0 - B R DU A B 1595 (online SPE LC-MS/MS), il &
KA 95 FhPLAE R, B 24 NS, 19 MEFEIRZE. 15 MU RS, 11 MRIFAEES.
12 A3k, 8 NMEERIM 6 NI EY) . AT RATEL B MAERE, BT
1.8mL, —MEMAERAESHT/NT 30 min; 5 B LA REDUEBRRAERBGEA L, FESRTAL
PRI R KGR D s 4h, ELRIEAHASBOE M AR, IS FITEFE Rk, a2 Hfs A 1)
WA SFEFDRE D A R, RO RCRE B AR,
1E 1~500 ng/L FIZRPEVEIE PN, SA0 A PR SE bRt b AT R, B4 & MR R,
iAW EYILIEMIC RS R2 KT 0.99; FrEEYITERNE FIR LOQ #/MF 6
ng/L, HARHHMEEMITE 1 ng/L KIKF.

ARIFEEFW RS (1) —4H3EEE 95 FMrrh EmRSPAER; Q) HiIEREE S,
M RARE 1ng/L; 3) HIMEEE R, £2ELASE; @) TADIERAE, GEHE; (5
ICERTLE RIG, — B AE 2R A 2 AU X 5 E Bl . A7 nT F b B3RS K I8t
A ZE PR R G 25 R 2 55 0 0 A 3% 1R LT A4

S48 . Online SPE, LC-MS/MS, #HitkE%E

SR

12, Wb, B FREEIKAR A AR K R AE 275 e IDIR A e s i o Ay, SRR S (@ e R &
2015, 32(2): 173-178.
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L BB, AT SR XCREE e, RTRHECORSE, I, R E
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3. WICPESRRE, PRy, G A

T e o BAEWT TENIEYRIT 4R 51 7 BN R e M 2 B I R L R A, F 7 RAMY
BAENEERES . EEA. ABHSRERER, EOHE 7RG REE, DL N
55 5 AN A A S . Wb I AFAE BOPABE BR R R U, iROBR 22 (O IE SR 2
NN TF IS A RIEGRE A R, ALGE 7 i T Z 6 o T H- M 4y
WPV HIAR TLAT R RO BB BT, A il AR R A AR S R AR B4R T S i 4 2
FARAS 1o A0 WA TR A B A5 I S AN YU S 3R 2 TR) PR AR ELA'E FH OGP i 6 AR 23 2 P T £ AH
ARG . 9 1 2RI IR) N 730 Wb TP A0 A YR R 2 Tl R s R e, JRATTR A
WO CG— A BB VA A ol SE B 700 1 2317 44 2 1E PRI I 33 Tl
IS 14 R URIEIER, IF HAH A 0 A IR R BB AR AR R ST
T LRSI, BEAEAR Y A TN 22 L 7 BE AN SR I 2268 CAUROC > 0. 9). #t—2D it
T VAR AL VA Bk 226 45 PN 23 W T U DR A SR R 0 B R 2L 6 T DA A 7 R R] P A DD
JE N 73 W RIS E], - AUROC 9 0. 8200 FRATTAIL,  DATERZ A 5 2% 82 ) XU AN Q1K — HI IR &6
SKF 25 JE 5505 R T T 588 T35 43 P 2 AR (RO o AT R YA € 0o 1 FH e R
AFHE L AT THIR) AT SRR O (0 B 52 W T N () Zh S AU, O HLEE TR 7 21 (R R 52 41 27 7 VR
8 3 IR R P WA U P A e B R 8 TR T, 5 B T 3D R s BB 2 R 0 ) 2 WA IR A A
PR RS o
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FT A B2 EURT IC-ICP-MS BREFAR A K48 BT & 1k

i

Bt |, RSN AR
CRE MR A S 2 B B S AT S RN B P USRI, AR TR T 2 5
350116

AFAE ST & B IO R ARSI, LAY AR RA RS R
W SR U R RS DL EATTEA A R0 R A v Ve, A g i 4 JEm a1
it B XRS5 HE TE A OOy o ARSI 90 AR R B AR S0 5, IR B UK R R IR TS
REAE AR T Kot , AR TE R PP-fily KR HH 680 £ 83 PR, 200 R A A v R A R B = 4 A
WEFE R F B A B BT KRR Cd? BB AR Bh R BT A IC-ICP-MS B
R o« B g S0 Gl B U7 0T PS8 B4 BUOCKFE S ) Cd. 32 EUERIA R 95%,
BASCBIIEES; Frg ) IC-ICP-MS BXH 43 B 7 i ol PR o pr Al SOk i) Ccd?r o
FA BT SE Y IC-ICP-MS BRI MALDI-TOF-MS #A, #ik 7 XK AR A LA
(Cd > ) —MEEA. FIA IC-ICP-MS BXHEARSS & A MERS B R, JAT0 b
Kl Y 22 AR P=HIE KK CHIAR) t cd 2 IAHar Bk, Rk & Bl g E Wik
TARPTRE R R B4R OB KA, 59858 Cd?* . 22 MrAFE =K Cd
2+ BT R VERE A ROKEE BT A R AGEOR S 7E 18% % 100% 2 [A1ZZ 4K “TF35{E A 50%.
HAIECN 47%. SHRARFE P K b SRR MK P E ARS8, RIACKkT cd2+ 4
WIAT R AR ROK H R s LR B A & A AR B R A R R R

R W ORI YR KAk

7 R
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HE I A RTE SRR AT 2

&8 Wi, HRE
CRE MR A S 2 B B S AT S RN B P USRI, AR TR I 2 5
350108

RIMFAETES AR, TR, FlanA iR Lz & T elak, AR
SCCLFESR M E e BT LA R TR 1A B R VA 7 e SR 1 f XU R A AN
(1, 52— D b RS HEAT 08, A BEE I WL B2 R POIRE™ dh T ok (g
JR RIS o ASHIE 56 ) FH B il B BB R Sl S7. 1 i TR AN R 2R A AN [A) i 7 it h AN R 35 7k
WSRO %, FFR B 7 - AR & A B A BTG (TC-TCP-MS) BRI AR AL 1
W i A FE S RA S VIR HE D AT 71, DA RE L AR B TEAl 7 b b ok R fE R XL
W B BEROR A3 o ISl S PRV A B 7 92 mT LA S350 38 2R M1 8 I 7 il o % TR 2SR FR 58
PR AR, FRERCRIEI% L b o BTEENL I TC-TCP-MS 741 7 248 BH 2 1 LR 4
FEN A HTRE, £E300s A AT LASEEAHE™ | CHHg+ FICHsHg+ (K173 BRI, {5846 I BR 73 51 40. 10
ng/g. 0.12 ng/gM0. 18 ng/g. FIHFTELHIARIITVEM 73 M 757%, BTSN B i i £
FIEATRACAT PN BRI, 45 SR W g £ b 57 He” RICHHg + PRI R B2, Hg™ FICHAHg
(¥ 543 3 990. 026 1g/g T HEA0. 094 ng/g T, He™\ CHiHg FNCHsHg TR IR I3 43 7 Ay
94%. 92%F195%, SVCIIE MIAHXT REm 2 (RSD) $5/8NTF3%. ATHEMECNEMEHE. &
R PP 7 it o R e XU RS $R it T FT S BOR S8
R IC-ICP-MS, KR, ™k, Bl Bl
SR
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HT 1C-1ICP-MS BRH TR T TR B T SR A R TR
EYIRIB T

PO, AR

L. MR R A A B AT SR 2 F S TSR0 =, A A4 Ha N T A I K 23k 2
i 2 5, 350108

BT IC-ICP-MS BRHIHIAR, R 1 S50 Ul i U i A R A e S 10 70 15 0 A
PAR AL SRR T FESLA IC-ICP-MS BRI ] SEEL R BRE dh o SR ST &1
(1 2 2 B RIAERAIN T o R FH BT A S () B ORI W 77 200 KSR T 2018 47 A 4R I VA A b
BEAT AN S5 RERE, RJE TR IR dh T, BV A 8-140 ng/g 2 18); Al iEas
T AR 5-115 pg/g Z [0l A REY], KIE M UEIR P b &Y 1 Z LENUE S
£, Bl A, & A Gl As® 5 BAR AR « ME T R i o A et 2
SJEICR LSRR BT 5 &, JFTMME M. 85 RRW, 1 He M1 S0, IR R
A, As" R =, USRI P AEER As Tl Re S BORIRBER . S — 7, CLIRER
IR A, SR TT A AR KR P v, UL 8 5 — SRS AT RE R W SN - ROk . A S ST
AR 25 73 W 7 R 7 W A7 B PP A T8 rh AP D P i R 2k 418 3t o 22 1 B df
.

EEE: AR, E4EJE, IC-ICP-MS, fifl, JB&SH

ZE IR
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R E: s B A 25 18] 40 B o BB -5 N A

B T, BAtE , MRCE Y RIS skocEE !
Lo TR RAED RN R ARAE AR F B se 0 =, AROAE R L RO, | AR AR E
R, TTRITIM, 510640
2. SERZEEE LR E, MR ER, RS, TR, 510642

FE 4 (PR AR 2H 5 B 75 B AT RE 8 251 TR & A AR R AN & BN A SR RFAE - SR
MM, STAEPH LA ARG AT R HE S (R e AL, 78 e AR & B 28 P pL] T A
BEEZ L FERG (MSD SEARUHTLTRE AL AR AT AT — R [F 3R
B2 F ISR, RS ZE ST T &R b 12,
Horr, MSI 3 HTISCEEE TR HI 4 3. BAR AT QRO ShAEYIZHE MST =E i i i Ak
78, AR T 3R B A R AR AR R BRI, DL S KR B R R,
M LB R AR D) AT HIRE . HAT, Z2RM0T0 MST ORI,  WnfdiRk Bmt %5 /e
JE % (DESI-MSD 4 FBOEI ST FmE 5 25 5k i (LA-ESI-MSD SR, Y MSI
SIMTIRAL T — R B, (B2 IR TR 4336 T AR AS TR i 2 R4 . LR PR AG2S
R (~ 100 pm) ZEAERT . [RIbk, EFXF T & B K B MST AR, IEANIE B 7L F B
HR R )2 T A (5 2., K MST FEURZEREY AT S i 2 N o

R, AR T — RIIPURIERA R, FEEET IR TR EN R BAGEAR, ST
Ky VIS, WSS RETRIE . MRITIRISH 2 Ik 2 /N oA Y ) =y R okl .
FHEE TG MALDL 52K, Z 7 EAMUKIRRRR T8 T4, @RI AR 24 P Re i
REDBR o T LR R gk e g5 AL ZRENTE i Jg, BRATEINSZI T KA S Ay )
A FAERLSL, AR RFR AU N AU AR BT B AT R AR, D B R A AN R
RPN A R RFRE YRR AR ISk HE . Bhah, RUEAR, BLLLNE. REGIL
TR E BRI EAT R, 65 AR A WSt Rt R EEAE . A
PRSI T ¥ B AT R T RAE W, (EAR D BIF 90 R AR TR A 15 2 30 N B P4 350 A sz ) L
T EBM AT RER R . BRI, SRIGZGWIAE RGN I 25 o0 A FT R A, Rk & e 4
BABEEZE N BT, OTE—DXRAGEFER . A, )N 2 MBI 25 o A idk
AT AT ARAL R ED UG, a7 1 AR 25 1R 7K 23 TE 28 50RH SR 13 7K B 5 M G ) SR i P 0 A 1 Tk
K, NRARFEE G22I R .

R SO S, IREIRR: RO R B agRIE

AR R EF AR S R AR EEREA BB AT TS ER A
2 LRETH B

SE IR
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RAGHBRLYIHT e 35 43 i e IR

B T, GRS
Lo JERCREEM SR 2 S TR B

KAAMBRIAIE PMos £ faHFEANMFEMEER R, MAFAHRE M PM, s G
T B E RSB PMy.s & 5 41 43 0B 20 7 A2 8 ST 35 Gl A (i B 2557 I 8 % (1) S B PR 1Y
TR NTTS eI AT S A0 A2 LLORS 2 A0 (g B R DG B

PMos RIEARZ . e AT T HE RN KRS, LA E L, Hiid 90%4 5 1)
TR EEX PMos 2R 2. IREEAAR . JCHR AR ENDF PR, BT H Ael
PIN, JFR UL TSR A (ECND A% O I AAH (3% - AT IS 8] R i/ e B SR i e ML
oy RIEHEAR, EXAEE PMas SRV AE M H /0 AT R A TRE R A4 e . OF
F ECNI P Al B 1 ks B &, R 41 R HLBULY), S5 i 37 b, AR
PRFAEAB 7R 7 URLAF 2% H AR S S (AR L) s @AKHE AT HLASEREE (ONs) MR fEZE
AV HREE, AL 73 2 v Ua S 78 it ONs, R 30 H: 3 SR IE T-J e 58 N ¥R VOCs
ROV, REBRIRIE 1 U RO R AE 7R (1R OH H H3E 51 & I pl s vy 2 5 B AE L, DTk
2] 70%; @MHIEZ AT (NPAHs) W H F-JEEERHEVIN, R FET ECNI (1) 5 B
PR, SI L v B LG 5 BRI [ IR 5 M R0 43T A PMs R I HE 1047 Ff NPAHS,
05 AHHE PAHSs. KidE NPAHs. DK AE 2574 27 B/ N B 555 40 NPAHs Hi0F, KA K
A R ELHE R ) AR R K A 1 — 2D O
RG] TR, TN, KRR, WHETE R, B
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/INB R VAR AR SR A B L S AR AR

Wik, SAMY
L R T

J R NAG R AT SEVEAS I Oy PR TS24 T —Fh 2 4l . RSB R R . £ H Al
MR IR T, SR T /N B AT 2 AT IS TR PR T B A4, R AT 37 B
300 A B HIAR" fhdEAT T 2 MASRIIMGE , A St = KR Bl dhAT 1 bk, 458
W, PR/ BT R R BA B VT EC I 3 80% A L, /N Ji % b5 DK R Jof 1% 0445 BA 47 DL PR A0
2 60%LAE, I HAEBRABIFRIRSN,  FHVEHERSERIVEECHE RO LLA S 80%LL L. %453 N/
RS AE PO SR T — B, RN )R /N B S B AR I BRSO T kit A
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R N AGRE PRI
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FF IC-ICP-MS HF 5 3EAS A [F] £ 28 TR FIFE AR AR 0T K
WE, T, MARE"
1. AN R A 22 B R i 2 4 5 2B T 3808 S B SRR =5

WEEEAE T DA PESR I rR SN TE A U . 5388 5 A A A A0 B P o R TE WL 2 A A
BRI PRI, S B ST 2R RIS . TS R B A A0 T
(LR & SR AN A PG A BE I AN ] 5 TR LA (R R 2 ml A A ) 8 280 DL 7= it v BT 25 7 TR e
SRR ERAANR o A5 F, XTG5S PR 14 P 2% 58 /K0 B IR P o 0 J T
Y= b R B B AR E W T R R 18 W A AR R RT DA S A R R AR R R Ry
100%) o X PPAG 7 ik I i it v T e SRR 11 P 5 R ST A R XU, DR A o v A
12 B A FE P AT RE IR e B, A RIESTL SIS o KA R F . R,
N T N R DA YR P B R KT RN R XU D6 2% R i PR [T 2%
i G EE GRS R DL A FTES AP AP mT K&k,

TEAB T, AR IC-1CP-MS &5-A 1451 iz B BB AL FELRR 78 1 AN [F) f 250 DL/ 4R 26
W= SRR TS TR BERFE . DASAN ) 0 200 D1 /0R 28 S TS TG S 0 R A= el Bk
WG RER: (1) ASFEEIH /AR5 =M IR (As™) 7217 B AR b 2k
AT AN TR (As™), [RIRAR X AT As™ R As™ BILEM AT Jetk, SR BRI v
RLZAEPEE LA (iAs, As™RTAs™ A MIAEMIR Jebk; (2) BARASFIFRSEANMA 1) 25
FL /RS 5 BT A PR T 25 RAR B DR AS AR [R], A A [ e 28 B A (1 £ 280 DL /R 2
iAs PP RAERAAL, P30 92%. (3) BEHZERR (AsB) {1 AR U1 /MR A py 3 i fif
JERS, EARANFI RSB R 1) £ AN DL/ R B & 1) AsB ¥R BERAAHIE, (HRAS [RIFP IS ER
AN f SR DL/ RSE R AsB A mT R MEARARL, P30 8T%. (4) bhitfadSifgr=fh, DI
7 A — R OMMAD R FRIER (DMA) (ARl Mo . AR 7 45 B N S & A
BFE VG IR S VR ) Y 2 B2 /KT A g B XURS B (4 1 A (i O B S8

a0
As3* B =  Aretheysafe for
%‘ A eating?

o
'ﬁ\‘:\ MMA Arsenic species
Lo characteristics and contents
%: DMA [

AsB

é Un-Asl
Un-As2
N——/

1: B S0 P At L
KB W, i, TR, RS TR
SE IR
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2. Z.Ma, L. Lin, M. Wu, H. Yu, T. Shang, T. Zhang, M. Zhao, Aquaculture, 2018, 497, 49-55.
3. J. Moreda-Pineiro, E. Alonso-Rodriguez, V. Romaris-Hortas, A. Moreda-Pifieiro, P. Lopez-
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Mahia, S. Muniategui-Lorenzo, D. Prada-Rodriguez, P. Bermejo-Barrera, Food Chem., 2012,
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H&RARRFELLERNSMHAZERESRAR

ﬁl,*
1. HEg K

R DR PERR T E R G R A BRI B RSN T SR SR AL E A
R 1) = S UL R B <R 1 PR TP < SR A S B A R VR AT T 7 B AT A T e A B
B RAIEA AR, FF45 & SEhrA RBUD TG Ge ] TREP B2 R, 28 Rl
T ZRMAER P EG BRI S BRI Rl EEARE D SR B RMER,
WAL T & i Ve AL R K B R PR B IR TR B SR B, SR T W B e A B o
BIESER IS B 20 Fhxt B RERREIE, WU T & Ea R IR U R R
B R R R, SEHL T BA R G R ek 2 e m Bt 3) fx & EeE
MBI, $RTT T & 5 AR P 7 AR ) FE A [ A B < SR B R AR OGO, SR
T G AR T L 4 R JE SR AR AR FEAG E MR o AR BORAE 2 P KA G IR AL B Al 1R
FEARMV S TR R YGRS .
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e T R IR BE 5 #A AT B St h A s ek e B AT

s, AR, T
1. EHERFAEE R, JER 100084, A [EH
2. SURAKZEANESRE, BIRA VIC 3010, HAFI;

It 177 T 2 Wl 7L s 420 A B 20 1) s AR, I — - M IR R & A AN AN B o AN TR
JE i BR (125 -5 VRN SCD SR8 S FADS ZRIGAH DG, B FE N kR RS BRI i 5
TEIE SRR SRR R . R, KRR XU B I TR 8 i Aot i U PR 7 B S R A 11
EESNTEEEEZ . EHAWEEIEN Paterno - Buchi (PB) 7, 1] ) FH7E 4 6 s S % Bk
T SRR AT R S A, AT LE SR IBE BT 3t (MS/MS) Hh b B R R T B 7, &pcdea’. H
&, BHN TR EE M), PR PB-MS/MS fEEAFE L AL T30, RRRIG. W
N 57 555 — 2 ), FLASSE P X A AR T R 1) s ™ o DRI 7 B AL Vet T HL i bt PB
BN, ek R TR R AN R TR P S kT B TR

TEMETAES, FATE LR T — KPS e A R &Y, WA H/E N EARC PB
TRV X BRI OB AT A A RCR AR K, 45 G VA B SR BRI F & , #E T £ XS ARG
PRI i U 7 B S AR e M e B T IR AR . WA R BN, (6 2- Z Bkt (2-acpy) 1ENHL
fibric PB ARG, LA AR SR RS, ST BRI R . 2 AN TR R I R DA A
LA 7 R A T 40 BE ZR BT (oD ARSI B, % XUSER A7 B S A U 5 B AT ARG 52 o RIS
{5 AMPP SR FAME M AR IR AR iy, $4E va L o2 M 82 P [ B ] AR FHARAERE - m/z 183, SEIR
VRTINS PR AR 7 B 7 g s R e 2 T A e B BRATTKRZ DA IR N T 2
FES 0T DU T8 T 4R A WAy Hh e 5 ) R0 R 5 &, 606 FA 18:2 (n=7, n—9) A FA 18:2 (n-
6, n-8); WSZIL T X NMLIE P RFETT 8 FhUaFI A TR AN 37 FRANTLAN i iy R a2 14 0 & 5y
o WEPHI/IEAR (N = 6) SZIR R IUNE /R A MLZE R FA 18:1 F1FA 16:1 [ n—10 XU R
PR BAH IR N AT BTt BRES MR BZ VL BAT 2 S TR R 4 220 7L (0 T,
AT FH 248 A S0 R bR e 4 o

KRG HBETUE, R BEIRA.

ZE R

1. W.Zhang, D. Zhang, Q. Chen, J. Wu, Z. Ouyang, and Y. Xia, Nat. Commun. 2019, 10, 79.
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&, s EEgy L2, YRBT 1, Sasho Gligorovski®, Majda Mekic34, XIVLF- 34, Gwendal
Loise3, FRER Y, JAHR?
1 BERORZE RS OG5 R MERT S, I, 510632;
2. Department of Biomedical Engineering, Basel University, Allschwil, 4123;
3. HEBRAGET MHERIL AT I, )M, 510640;
4. HEFBEER RS, b5, 10069

N—H:25 90 (B £ E N L, 5500 AR AR &2 E
B AE I HOBTEARAG S M INEE, T OARIE TR NSRS S (WU B (W
JOCHH A« S VOCs AUBUREADD 7 A B30 Ao B — Ui s e A K — IRd5 e id = Ak
BN (I 0py <OHD AERRMIBRIE . MRS BRI BRI 4", FFBId %R
LR B BE T U KT L

LN o,
+
*OH + VOCs =>HOM —>SOA
7 7
o [

0, BRRKIHRE
«OH + MBSHVOCs

o o
WS RE ‘ I I ’

1 NP T ASEE S B I YO XI5 5

KW BFATA RE, AN, BTSEY), BRGS0 HEUE Db

SR

Zeng JF, Yu ZJ, Mekic M, Liu JP, Li S, Loisel G, Gao W, Gandolfo A, Zhou Z, Wang XM,
Herrmann H, Gligorovski S, Li X. Evolution of Indoor Cooking Emissions Captured by Using
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X. Online Real-Time Monitoring of Exhaled Breath Particles Reveals Unnoticed Transport of
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BT RIEBANEFOKE RGBS R BK A BT L RIHT
AT EEA
L BRRSEAEABE, FiAl, 210023

TR /KA B S K BRI IRT Y DR IRES2 /K AR K 5 22 4 o R AR 250 B 2 R ) B K TR K
Ko Ak, MK ERARE S, AR RYIREIR. REZFE, MR R
TRPRAE LU ROCHR KA BRI . FUE R R BI0KT5 R NI EZ TR, R4
REEKAL BRI SERn 7 3 /3 oK R R I T G BRI YR S e i ik, xR KA
BT AIH B A SRR R O

HLT HLBR A TV ROK IR BE A B R T B SR AEAE AR 5 A7 A, AF ISR, 124t
WA PR TE . 27THAR R K. BRATAR T = U (i (HPLC)- LB 5 45 B 1
IFIEER 5 HPLC- 73 # )5 1 (HRMS)BR F A 0 M U532, 257 TSR K T Ni (7B
BHITE, RIS RIE A G I B R AR SR, R T R A4
PR G EARHEREER I HETZ, L T A AR R K AL K IR FEAL BE 1

Wi KA B B SR B R, IR EERRBEXS T /KA B SR Pl By BB o 250K
AR FR H S RV IR #h A5 JC MU A 5 B, T T HLBE RS RN 5 A PR+ 70 [
Zo BRI, A YUBERAIA PUBERR S 2K rhA LI 1 Z AR AR T3 T &1
AZ 4[| FH AN -FH AL AT AR ) HPLC-MS/MS & REBUM 75, RIS 1K oS WA
HUBERR ) 73 AN 2, MR TT T EN YR K AL B AR 1 2 P A HUBRIR IR A7 55 AL e 3.
BEAh, BATESL T H T HRMS FURFAETE A 7 2 A A HUBERR e E 4L 1R 0 S, xof ep [ 25 4
B ITBGG KT T AT RERARRL A R A, S8 2 A R LIRS, JFIRTT TR VLR R
FE o T BTG 7K AR A AT 25 BRI . AEIR AN RN HLBEIE A A6 |, BRATTE— PR T
BT Fe(IID)/UVALTTIE ML LA NUBEIRZE &4 4 A1 Cu(I)/Ha02 LEFEE: B Al A HLBRRR (1 /=
PR, LRI TR S AR HUBRIR e 8 $E R B 53, D SEBIK sk (AR P
AEFRFENE T RBEROR S FF -

R IREEKANEL; BSOS ROAEL FUSEIR; He)Es B

ZE R

1. C. Shan, B. Yang, B. Xin, D. Wang, P. Huang, Z. Chen, Z. Wei, M. Hua", W. Zhang, D. D.
Dionysiou and B. Pan, Water Res., 2020, 115211.

2. S.Wang, S. Sun, C. Shan and B. Pan®, Water Res., 2019, 161, 78-88.
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Jifh
1. JExR2E

ARAH EIEG PP REE AR T BE M AL VI 1L W AL PR REIF A4 2 b R BN A2
AR N T A T A DI RE R R S, 38 TR R B AR M R AR B (1 A AR T B AL
Lo AT FUET XA BTG QAT AE DA /N1 B AR TLAR SRS PR R AT, 1 5k
TEESL T ARG AN A A IEARU N ) Rl R A S T, WAL AT T RN 2y
TR SCHRARHTE R, AT CLPGE R 5 G B R s A 15 R T B2 Gt
FEAE AR AR, JFREA ZO@ AR A P IRARUH 0 A ELAE AL, TR AR 2 T AR ST
iy, PAAEREVERON; Bl AN I REEA R T, R RIS G )
AT, IR M 4 A R A 8T, R0 T 15 e T PUACs 2 EL R B LA
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SBA R RADBLER[IRE

%% 1’27 %ﬁﬁiﬁ?% %% 1.2
U5 Rk FE BT R S PR O B o s E, D)1 S 610059 2 BUHRER TR AE - BRRL 2 B, DY
NI S 6100595 3 PY IR ATty DY)IT BT 610064

B B BRSO E A AN RRIR AL IX 5 S AR R 2 MR A AR BRI S, aT Al
X S 25 S B RIS ST ARG 58 o T A SR T 91 3R B S DG Ak 2 3R VE B N R MR MU S ) 2
YRR, HAHSCE SRR O R A B A 2 BRI, DG T4k S ik R () BH 7 2 B AiAH DG AT )
P RE A, SR, R T E SRS R TSR AE (PVG) IR WAHKRIE, Sy
FEH TR /R LA 2 R A0

WEFRIAE PVG R F A 5] NS T T2 SR8 i f1 (i) $e 508 , LR i 24T B . F 1) PVG
%A, JTEM PVG (b Al i . 8 EPR 1 ORI B8 A SR PVG B R EE L1 H
BHAEA e (B 1.4) o ARG PRAECE AN H LT >R BRI FE (R4 R 7 e &I PVG e AL B 2 . k4,
WHELETIREGTRIE RIS RHBICER PVG ML, HRRILT 24 R alE AR, FIAA-
WG % PVG R RAEN ICP MS MIFFEEIR, 5 2 B SCERIREAH LL B4E As. Sn. Os. H1 Sb ¢ 13 Fif
TRESHMRRET 1.1 & 7.3 5, e RPE RS ARG IS (Sn FIFEEEM 8.6%M %
3.0%). A 26T n s S am MG S N ARTE o AR FL CREJIIZ 22 2 i [R5 5 AL 1
B A B TAR B AR A A IR - A S R AL R A e R R A RS . AR, AR
Gt FC A 2 S B I AR R ) TR 2R A TR AL SR LR 2R B

REEE AT, eEEARRA, BEE, BEGRASE AL,

cazil CSIPVG
U "4 : ,' GLISEPVG
\
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Figure 1. Schematic diagram of the proposed system.
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TH [ ER 815 B i AN S B0 ST R B BT ROR

ZERIE VT, RWE Y, e, Mizn’

1. il RZ=E R, T, 510275;
2. RN KA Z2E B, M, 510006;
3. TTRAERFZEBENA At 5B, T, 510070

AN 20 AL, IR MR AT T — T A 55 0 2 ] AN B R R B oW S i 3k
WU 22 B LS A5 e B B, AR B IR S e SR AL A 4, e R
UL BRAL BT WAt sy 7 B M A2 Uit 72 ) — S B 5 i, F6S T W FEAPPARS )
I ARHRFAE SRR AL A 25 B BN 55 7 T 38 AT L (8, B S IRA BA S A oA
VERVIN s, BH 6 1T 8 22 R HLTS Qe BAT e B 1 ' SRR 0 (K09 R R L ki ol
RUEZFEARMAR (SPMED #4845, JFA 7 REF IR AL B BB R T 7k, DA RARRUE
J2 TR B G R AR R SR ASE 2 BT A HE B 52 B OB AR AE R R BRI B, R BRI
MEAWITIR, S G B e 5 R RRIAR R . O 1t — DAt suis S s BN, R
R T T KL T I00 2 BRI 43 B (LESA-MS ) TS Joi il B 0K g W H 1 0 1%
(MALDI-MS) (A8 7, IR E I SR ATE S D) 1 i AR, IR e
BV A BRI EAT BN, MR T 2R AT YAE H AR E B AR S ) =4 ] o A 1
1B, PRAET SENE ST AR A H AR = 4825 (8 A0S ., I SRR IR BRI e 1
BRI R KRS B AHRI ) 7 ik 2 2 il

R i PO BEREEG AES R —4ERUE.

SHE IR SRR
1. Stephen M. Rappaport, Martyn T. Smith, Science, 2010, 330, 460.
2.J. Qiu, T. Zhang, F. Zhu, G. Ouyang, J. Hazard. Mater., 2020, 399, 123013.
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M EIUERPE A TR P 2R L L RM VR T 5 ER

AVt ', I, Misst, ZERENT
LRI R AR Z2E 5, M, 510006;
2. TRERMEBE M At ST, T, 510070

3. Rl R=ZE MRS, T, 510275;

VER—FP B 0 Y Z LM RE, B A HIAESE (COFs) s i & Fob 3 B oo DAL ) et
T R, KRG 22 FLE AN S AR, LRI B o3 B A Alih S A 1 A B EE/E A . COFs
AAWRMmMBUR, fLRGEHWEE . BT SN g2 el RIS, fER5E
A2 B 2 VRS R AU N AR A 2 WA G (PFASs), Wil& R T —Fhre 5
PEAL 7 R BEAL N A HLE 2 (chitosan/F-COF), 144 HAE y— g R b 7], B T3R5
K AL RS (PFASs) W EBR. =i N IE s M % T 45 it dr. fLiE
FUHEIE] chitosan/F-COF, %4 )5 18IS A2 R 5 & I S0k 7o SR B A2 L A WINEZE AR R T o F
7Y chitosan/F-COF X 44 kil (PFOS). 4% FEZ (PFOA) Fl4f (2-H13E-3-54%
O B (GenX) “HJLHY PFASs M H MBI ERE. 455K W], chitosan/F-COF H
A R SK AR e ol RSP IE R - A . FR A AR A A
FEAEF, X PFASs TEMIEIEH _F R H OV ERAR IR B 8, SR & Omax 475
g/g. Ah, chitosan/F-COF B A R i BV IV « v se PEAT AT 8 5 R A It o i FE 45 SR 3R,
chitosan/F-COF A EHE {5 44 22 R IR ST S J7 T 2 A | 1A S T 5t

REE S AHESE, R mIRel; ERAZERNEY: HRMER.

SHE IR SRR
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FETIReL sp? BILHE COF ZEARAL & YRl =+ i B2

K, Ak
1 FEIRE QUEREREEGD, IWARE G, 25520, TR, 250014

L AAEY) (PFASS) VE N —REFAMER LI YY), PR BREE AT N S 5 1098 7 18 By it
IR Z G Vo SR, A AR S ORI AT SR T IR K AR MR . A, 84T
DAXE R g (FR-1,3,5- =35 = Z i VAR, 1T Knoevenagel [ W & EIE Dy getb L4
HHIHESL (COF-CN) , #&J5 H LiAlH4 & i COF-CN 18 E| & HTh gtk COF (COF-NH») 2, K
SEM. IR. PXRD. BET S ARXM RIS FTESNEAT T HFMFRAE . B Rt 3has
W Bt seas, DAAAHSGERIR ORI, AHECARZ AR DIREL COF #kL, COF-NH, X} PFASs BH
TR PR R 7T 3. FET I, ARSI T EAH A (SPME) 312, fEARAGZERUN [A], #F
dn pH BE S SRR I BRHA TR LR S B [] 55 SPME 252 J5 454 v RGHUR € i/ o 15 6
FHARSI T a2 R &R (B 1) . fEsUSiR it ~, ZiE & Eia
B R PRI A RIFIREZE SHIME, SIhseil T AR )R PFASs €&
AT

UHPLC-MS/MS

SPME |
|

Olefin-linked
COF-NH,

B 1 COF-NH; H T [E A4 B PFASs

R LM ANUESE; DRl SR EY; B

ZHE IR
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T MOFs A BIR 7K A 25 ok 2455 B8 v R R )
AT
1. fizesseigs, PEERZEM R, 65, 100029

SIRANEZEME (MOFs), & —JSH XA 2L, BAFLRE S,
PEREFR, FLIBZMIEE, fLERE &M, SRSHERE, WFERRRE RS,
HHER R EAZ MOFs MEHARIRESS, R e A1 — 25 G R §5= FRE &h AT A
R RE . ASCR 2 BUE A AR BOS %, # MIL-101 TR K ek 251 i E 4, IF
454 DART-MS #HATPUH T . S0t KRG A, G2 T XK 5 P =k 25t plus
R 5% AEEUE B AEORT 100, 4 H PRIEE] 0.1-0.2 ng/mL. A SCEKE MIL-101-NH, #4%}
FAF LK PO L R 25 1 AU s 58, JE45 & LC-MS kit T & e &. @ RAM%
FEOEA,  BESE TR K S PSR i AR 24 1 i R I v, R PR IA E) 0.01-0.03 ng/mL.
BTN L 07 F AR IX R KR 0T, 5 PH AR S AR H

> / \ Diamide | \ <
Comparing ° )insecticides I\
| | @
+ Hydrophobicity Enrichment
» 7-n stacking I 0]
X * Hydrogen bond k
3 | | @
5 I
Synthetic MOFs LC-MS/MS Analysis

B JnEs

K SEENEEMEL, =B, EHESARZG, FAHAER
BE& RIHZPE R QRRAIEE R (0H S 22004004) .

S R
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[ AR R A B 5 1R 40 5 1 Bk P SRR 7 B 7K ) 25 IR A TR

RIGR 1, whete 1
1. FEAMARY: (bs), FRUMERESSEE =, s, 102249

Z JREXZERE (Polybrominated diphenyl ethers, PBDEs) 33— EH B HI N H N5
e, mTEA RIS, T2 NHA TSR, . SRR RS54
M AR — s N B IRARBEMATR, PBDESs 5 3R 38 A0 22 B2, IR 25 Dy ik NI B A R fE 55 o
It4h, PBDEs HENAEVIAIE 2 5 B 5, A AL USSR, of NRI@ RGN T — &
(R T PBDEs FIZKIEVEAR, £ 2 H0h X PR Rk BB, T HLERSERE o i 5 R4
B o ZFE, DRI IS AR 73 B 2 117 75 Bk 55 I AT A B R B HOR & AR 5 i
(1) PBDEs, PRI RN, $& w14 7= BB AHERf A5 o o FH R ol T A 3 AR A VR AR X
AE AHASE, 0 A U RR AR R B A ALV, [BIAH A I SR Re a8 8 DA HLIS 7 R A8, 2
RN, HREIEMERZ . N T MESR B AL, A5
K E A ALEL (Solid phase microextraction, SPME) & £ /KFEH1 1) PBDEs, JGidiail,
AL W4d . FERSARY K, MBI LE. AR PO AT 5% . PBDEs &
SPME % EAHL 5, K SPME 2% & 5 i HUE R = #1511 (Orbitrap Fusion MS) BXHH 73
Hr PBDEs, {E{# /&% PBDEs F5#E e 14 ARl _F a5 20 Hr it 1], A Bl T KA B (1) 3
BT

AT SPME it F2 (2 EU (] . A<HOR A #5552, LA Orbitrap Fusion
MS XS AT 24, 182 %1 PBDESs 22 BUACR AR R IITE 50% LA 1, dF—2P @ sr
SPME-Orbitrap Fusion MS 434t PBDEs 1) TAE 2k, SCHUAE s BRI € &0 i, R
PokE 2 FE AN RIS ZEPEALy 1 D7 VA I AR e PR A AT S 1, 1 24 SPME 5 Orbitrap Fusion MS Bk
F 434t 8 Bl PBDEs ()43 i &, ARG K45 5 n) DUR & 3059 8 M PBDEs.

100 1-=RECREE
2- YR B AR
3-FIRBX AR
80 4-7IRBRR R
5L IR BX AR
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7-FUIRER A
8- IR EX
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o
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4]
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o
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o
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K] 1 SPME-Orbitrap Fusion MS 4§ PBDEs [ 44741

KRB ZBIPORRE, B, S, PR
ST E R BREBI IS EWH (45 21874153), AR .

SEIR
1. Portoles T, Sales C, Gomara B, et al. Anal. Chem., 2015, 87 (19), 9892-9899.
2. Smielowska M, Zabiegala B. Trends Anal. Chem., 2020, 132.

Email: hanyehua@cup.edu.cn


mailto:hanyehua@cup.edu.cn

75

KA SAATT R LA R SR T

EEM, Fh, X, XUER FEa s
Lo ZRORSE, AR FEe, &, AR,
2. THEBEABGER A BB T, K, LT

2 (NHs) PLACANUIRE RS B, & KA B 3 e <4k, e mT LA
SO KA IR B, 3130 5 A R ORL A 2 B ORI S RGP AT 2 1 o 13,
ARG R B A R AR PR 7K ST o T A I PR A R R~ (R T i B B . BT,
A5t R TSR RARR) B U ARE FE Xe) SR E A AR E ME IR TP R A 22 FRL B B (CIMS) E 4317
RSB A e T M PR R K i)

ATAERHES LS (VUV) Ke JTARE O 4, KJE T — Il 714 B o UE
BUE, T EERA VOV AT AT B S, B3R AR S, WS
MEAMANNE. BT A EAEX R, RIMEZ 90%0) it , WEELLIE ppby
() R ERRERE 7 o BEXTBIE SR8 B i AR E X — X, Wit T 50— b3y
%, RAXAHTITE, AT E BEAHN PR ZE(RSD)M 17.5%F#AKE] 9.1%, &Lt R
N 0.8340 $251E] 0.9856. XA IIEERIESHUERIEA R FHR AL THEAS R, KA A
FE T 45 20 A 2R FE X B I S B R IR 2R T B R BE, IR PTG AN [RIAX 2% 2 (7]
(IR RE 22 e — A BB BE, R T AT AN AR 2 (] EEAHRES o BANSARHE: i (1) 20 A i) TR A
J9 60s, KPR (LOD) Jy 8.59 pptv (fEMELL S/N=3), 2021 4F 1 FLETF Sifvife
XA CIMS BT RIS RN E, K EEJEECY 1 - 130 ppbv.

R K A NUE, Wit 7Bk sh A -RRCR B, P BRIk R T M
S PRI =X R E, A 80k IME R S R, $2m 7 RAE
BB % . RE/E 2 min B [H P, AVEFE 2 mL /KRR S 264 B e EIRIKZE 59 ng Lo
Vo ATV RN N T K = R R

REEA: HARIMCB RS, ELSUE, AL, &R

S0

1. L. Katrianne, D. Lubna, B. Federico, X. Mao, W. Robert , Sci. Adv., 2018, 4, eaau5363.

2. Wu, Y., Gu, B, Erisman, J.W,, Reis, S., Fang, Y., Lu, X et al., Environ. Pollut. ,2016,218, 86-
94,

3. A. Pozzer, A.P. Tsimpidi, V.A. Karydis , A. de Meij and J. Lelieveld, 2017. Atmos. Chem
Phys. ,17(20), 12813-12826.

4. H. Yuand S.-H. Lee, Environ. Chem. 2012.9(3).190-201

Email: houky@sdu.edu.cn, Tel.: 15542663658.
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BT 7R i R 1 D T LR 7K 25 5 B R M 5T

M, PP,
Lo EHEURY: GREO MR S22 0, ARV i 530 BT [ o B s s, i, 430074

2GRN W BRI T RIR I R B TR —, BN TS A, o ek
EAEIR ) — 35y, FREAAE S FREREE A 5T o 1 2540 mT e a8 it AR AR B8 RS L N N A4 7= AR A7 T )
o DU EREE (5 B B BT 2 P 1) ik R DRSS DA B IR E R AR B, R LR AE K AR S R A S
PO ARt i, PRAZEL 0 [ 5K A 22 AT R e il 26 1297 7 ZRUIh 1Y) 6 iy st FH 24 (TR S L ¥ UL
WA FHEIRH. WM. Rk HIREI) AL R T 37 el 1 1% 2 B 76 mR T b2 /K A
1) 29 P LZGRIEAT T I ol I [ A AR H - € R G 4 MRS (SPE-LC-HRMS) &
B HTHLR K 295k B & &, AR PRTE 0.01 pg/L~2.5 ng/L 2 [7], & & FRTE 0.03 ug/L~8.33
ug/L 2 [8], AR ESCRTE 70% ~106% 2 18], TPk BB RIF. 2020 4F 4. 7. 12 A0 HERERIE
P S ANESR CEIRRFA. HEE . R, S, SEAWD KEEIIEAT T 2R BRI
SERERH: (1) BT HER KB 255 B AE 4 H B 2 1% BRI ks, 7 A beqs, 2
12 A AR o SRR SR O] 1Fs 4 AAMANAE R0 SR, Sk IR FEIA 19148.00
ng/L F121006.25 ng/L; 7 A A BEER A AR, AR 5 ANBA- SR AR, & H 208 100 %,
R PR A 483.00ng/Ls 12 e FH 25 & RAE S o o 3 B Qi b K R I 25905 B 5 N
RPIRMERE FHZ VIR . (2) SFtH 25 LEL, FoAth 29 B iz e T . wnmER . &l
PR IR =5 NSt AR TE S UIAH O I 2 WIR FE 508 EoHEass,  EEEHEAN () 7K 3] (3T A
WA B BBk, X =R 2RI AN R R AT s KA 2510k R IR B 22 S B0/, (HAR /K 22
WIS, FARM, RMSIKES R HENKTL, KR b i i LB mshik . i K
TR, WA KA FR R, TS G AR TSR A AL 2k B 2 e e RS e B . R
BIAT RN BB R S (B 225, FKIS EEmMEs .

Caffeine

Paraxanitine (C) 00

Nicotine han 2200
3000
2800
2000

186000 4

16000 4

K] 1 MK 2 e A RIS TA] A IR B, 4. 7. 12 AR (DH) #d % (a) Jem|iEnE
MEEZEY) (b) BUREHIIREE, (¢ 7 AR (FH). H25 (QLH). i (DH). W (HIH).
ZEM (LIHD 29 Fh25Wrae: Hi ik 2
RERIA: AWERE, FEAMAEZER, wEsr, g
AR R E R BRRIERESE (G5 21775141) 5 s B AL el DR B3 B e 1 i 98 B SR AR Bk & T
(%5 : 2020020101010020) ¥ BhI5 H
SE R
1 B D AAEREZREBEE /. ST B A A R 58 I K297 5 2 RT3 RO i@

Fl.www.nhe.gov.cn. 2020.

2. M.A. Asghar., Zhu, Q., Sun, S., Peng, Y., & Shuai, Q. Sci. Total Environ., 2018, 635, 828-837 .

Email: ye.peng@cug.edu.cn
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T HRGC/HRMS HARIRF NaSCN X [E Beot heyi — e K i 4h 2

REL A R L

EEE ", skigE ", e
1. FEFRFEEBE Y B i 2 S0 5, o E R B B T, KT L
457 5, LT KIE 116023
2. P A SR R e S TR b, ERF B ORI ER ST, R T L
457 5, LT KIE 116023

] A A2 A 7 o o A L o P v v 8 e R DA ) 7 A N JORE B 53 A A AR R D 1) R
N> ZREHE (PCDD/Fs) KA HER, KA TV RS R R guil s KA “3T + E” HiR,
HETEE R P PRI A S PR A 2R S S0 L 26 B, {2 PCDD/Fs [MHEBUK A il e &7
T SR B BT R E I HEORE . RIS, Z &K (PCBs) MZ &% (PCNs) &5 IS
FAN i AN B 5 GO 0 5, BT HE O 25 5 v R P S A B XU o [ 4 4 e
R G EBE R Sk RN B R ecHE R S K

T RS B MR- m S A/ m P (HRGC/HRMS) T4 AR BT T 48 B
ARITRIR P BRSSP RE T E T R e B R SR B R R L R AR AT
J7i%, SEBLT AR S S RE S RHMATT LAY 210 A~ PCDD/Fs 5444 209 4~ PCBs 5+
P AT 75 A~ PCNs AR RIS R 118 B0 Mo TV J67E 2 MR BB A %
R TSRS (NaSCN) 7R A% PCDD/Fs A= BRI PHME R . 33—, 1ESEih e
B2 RS T NaSCN A5 0% A4 A A5 P 25 51 L A PR BEL i 380 o X 42 1 KA #E NaSCN
AR WA BEL Y 751 FH T 1 RS R AR R AT . 1 [ A R A 8 f i R S N NaSCN i3
TR LU R4S ClasDD/Fs [ FE FHIK 60%. 73256 =24 T NaSCN X T ZE &L
A B2 R ZE BRI R T DL sE 99% LA . NaSCN' FH 48 e il /< rpr — M 3 A pl i 32 B
#il: (1) NaSCN A Ayids J 77 A5 vy e Ff) G P AR G A S 08 D A 37t i 1) A I A AN &AL
Bk; (2) NaSCN RS AR BB ALY (CuxS) o

0.008

0.70
. MSW
© Suppressing effect ———> o O.G ¢, | _056 incineration | o oe
Soa £
Sulfidation™| Cu,S “ 202 F0.004 5
(3 ah g :
2 £0.002 =
CuCl, NaSCN 1 cl; o, Y| S04 5
Reduction_ | CuCl § o o &
key Cl- ol g 10 g
talysts 8 Medical waste | 0.2 £
Lealy L 8 incineration 8
o o < L0168 o
Reduction a | |
e /6 FeCl, Products g 01z &
t0.08
NaSCN > | NaS8,0, NaS, NaSO, 0.04
Thermal decomposition [

CO, SO, NO, COS

Lo
Control  NaSCN

SREE : [HEAERE, TWEZE, NaSCN, AL#PHA R, BHRALHI

S CHR

1. Y. Fan, H. Zhang, D. Wang, M. Ren, X. Zhang, L. Wang, J. Chen, Anal. Methods, 2017, 35(9):
5198-5203.

2. M. Ren, H. Zhang, Y. Fan, H. Zhou, R. Cao, Y. Gao, J. Chen, Sci. Total Environ., 2021.
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T Tt R BRSSO A T RE Rl 5 E R

EEE ", W&, &, ="
1. FEFRFEEBE Y B 2 TSI 5, R EREE GO B T, KO T L
457 5, LT KIE 116023
2. G S PCE A A G, o ERVE ORI T, KIET T L 457 5, i
T KIE 116023

W EMYEZR)FER AR E ., G A ERALD & A I E K S HRE 4
TER TSR K =4 (40 HON 55). 85 2 Kbl GB 2757-2012 (& 5 %4 K hbn
TR ZE VR S LI ) R 2R 0B R HLC R P AL PR =B 8.0 mg/L (LA HCN 1t
21 100 Y%ovol WASFEHT D . HAT, X &M h BRI, GB5009.36-2016 (£ in %4
] ZARE B i TR F AL 00 52 ) R 1R v RV e e R GRS AR BR A 0.004 mg/L)
ASAEREE GHERR B RN 0.02mg/L), Hi ot e F 2 e, HEXRMBA,
B (> 60 min), HXTRFAARR pH ZEREG™, %R pH (ER Bl & PR 1
RAER /AN ORF) 0.8 mL), TESERRERAERS ¥ ¥ 28 AT IR, SRS e i 4 Bl bs
AAH A T AL BT R I B I 25 SR 5 A O BEVE AR R ROR 2258, HLRIREAEAERE St T AL B
A% RGN JE A D 1) R, St DA SR A ITE FR A 7 3k R P R 23 BT R R S AR
PIFE R

R TAERRE T —Fh 00 R A v = ORI 47 B8 F B T 702, 2 T JUR B 17
FRYE %A T 5 AT i AL N R B, 7ERE IR AR A R e i oy & L&, FIF dopant %
B 0 B 6 LB AT I T3, %o 7 AR I F A EGEAT b, AT S0 1 VS Hh A ) v R
R AR R s AR R )L BRI R AR o W S E O L T R R F )
1) B PR 5 g v o 5 R o, N I EACATE 0.1-100 pg/L 28V VG FE N 4R 15k &R R AT
B9 2% 12=0.9987, Fik R (MDL) /K% 0.05 pg/L, Kl AT 1min, JodrEEE
7E 94.28-115.85%2 [a], X ArUERZE (RSD) N 4.74%. NFHZ 5 %0 5 S E — & A A
ZETREC IR 200 A IR & R I T A ARSI, B S IR S B T I — 8. TR
JEJTIETC TS AT Z AL FRANGT AR Ak, BT R R B PN AT R R
HER AT S MR BRSEAL Y, & T A AR = AR A L R

Rapid and high-throughput measurement of cyanide in liquor

H,PO, + CN- —HCN{+H,PO,  pethod detection limit: 0.05 pg/L
Cyanogenic Acetone + hv — Acetone* + e

=3 Cyanide Relative standard deviation: 4.74%
plants 0,+e —O,

) i ) Detection time: 1 min
0, +HCN —CN-+ HO,
CN

A _ 2
P 740
Py s
P 7
c— 2
.%e TN 1
L] 5
=S D ] |
ol 1 P
' 2 N mz 40 50

KRB A, F, EIEENT, S TR, AT

1
25
=]

Peak Intensity [cor
e 4 n oW

SE IR
1. Wu, W, Xiao, Q., Zhang, P., Ye, M., Wan, Y., & Liang, H. Food Chem, 2015, 172, 681-684.
2. Xie, Y, Li, Q., Hua, L., Chen, P., Hu, F., Wan, N., & Li, H. Anal Chim Acta, 2020, 1111, 31-39.

TEL: 0411-84379509, E-mail: hli@dicp.ac.cn
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LBk 16 AR 24555 B O R RV B 1 - B R R 7 o

FhAEDE 1, XIS KL, AR, T 52
1. AR X MR/ 5 BT, 95700 215100;
2. BEME R, LT SR TRE2ARE, £E1E 454000

B AE A AR T 5 R A AU, BT AR DM R B0 T, AN S A o
I8 R B I R, A P e M2 B s o R TR 25k B 1 fa I, FRIE GB 2763—2021 (&
w22 A [ GO AE Bl PR RO B IR &) FUE T Bk 50 AR 24 1 de Kk B BR &, {HAT
X IR LR 24 1) 22 5k B A I T VAT AR ST . DRI, PR SR ik rh o 24 22 Ak B IR I 7 vt A 2 3
REW 12 B

FE T 1 RORORH B - £ B 5 1% B R (ultra performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS), RATCLEENL 1 EF 0Bk XU I il v 13 sy O3 AR 245 5% B ()l
SETT . AR Tk 13 Fim RiER A MR ER . ZRA. S-IHEEEIREINER
BB BN, WA R R SRk 16 MURAR 1% OFR- LGB A A BIHEEL, DA
N-PA 5 & Z A s Ad ok 28 43 BT A AR B0 5, SR FH B IR 5 1% FELSE 25 1E 47 B9 1 R INf 19 4
% RN AR, TSRS E B, A R T A, O R L
TERHEEAE ST IES R, b 7 OF TENRN R G Bk B IR LS
GREE Ju= AUV PN E S5 54 527 e (& 27Y 5 =< E i o oalll SR oAt 7 e
R BERk, RZGERE, rEUEAHACH, R S OB - H R A

ZE IR

1. Z. X.Li, J. Y. Nie, Z. Yan, Y. Cheng, F. Lan, Y. N. Huang, Q. S. Chen, X. B. Zhao and A. Li,
Regul. Toxicol .Pharm., 2018, 97, 152-162.

2. Fig, FME, REE, F SR, 2019, 38(9): 1066-1072.

3. T. Yaseen, H. B. Puand D. W. Sun, Talanta, 2019, 196: 537-545.

4. A. Samad, S. Akhtar, M. M. Shahid and K. Ahad, Int. J. Environ. Anal. Chem., 2019,
99(14):1446-1458.
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F PR B TOFMS Rl K FAE M S7E 4 M = B B2 A

W, FA, R Y, SRR, EORH Y, fed T, AT
1. FEFRFEEBE Y B 2 TSI 5, R EREE GO B T, KO T L
457 5, LT KIE 116023
2. P A SR R e S TR b, ERF B ORI BR R ST, R T L
457 5, LT KIE 116023
3. PEBEER RS, LT ERE 19 %5, Jba 100049
4. BESRHE AR (LD BIRAR, FEXINLMIS KNS, TR il 528225

H AT E CEE T B RAE HEAL R A 400 &M, WP A RA EHEREEIY
(VOCs), Feillie “RERRA S HEBUEE N RA g E, BEEM A 2236 VOCs
Hem 8. SRS VOCs A WRE ARG o A 554R: 2, X VOCs I IIHE R 32
HE kR, SRR ES ST mABIERIRINEA, Ds SO b i, (kbR et
M EHE TAE

AR TAERT EHA AN (VUV) J L K AT TE] 5% (TOEMS) A, Wil T —# VOCs
FELR W = 1t RO FLBS TOFMS, I8 H F T SERR B IR AR Bl <k VOCs Bzl &I
JiH, A TARE RS FIRAN SRR 2B A AR RS 701 R, KET —ME
M RECEHE B AL ERE (PUCD AT, X I VOCs Wz, 2K, SR, &K,
TR SR BRAK A 10 pptvs B ATES AT, A TAE@ I B T4 R4 & TOF 40 #r
B E B AR, B ER AR 0.5 mX0.5 mX 1 m, JAESHFHRMT 8000
(FWHM, m/z@98), Jii fkE 5 /N T 10 ppmo Bl R4 38 7 SEBR I AR e i AT 7R YE R
SERER, 1B TO0T HAGELE 500 W HERHEBOE S 28 R4S 028 2R HR,
KGR EEAE 5~100 ppbv, ZIAJ5REMNZE. FHIEZE, HEREZEERELE 0.2~2 ppby, AR
M —&0K. &R, 50K, —EMSIRELE 0.01~0.5ppbvs 54b, AXEXEMERIEE
W TR RIGRIAE S, JEH 2 FRES IG5 E s R Z (RSD) /N T
5%, BARE K TAEREM,. A T/EVHEE) PUCI-TOFMS HT A& E R, mad.
e VEIRIRE i, TEFRSE I AT AT ) ) PR S FH AT 5

R LR, VAT BT, BORAER T, AR, MBI

S 300

1. Gullett, B. K.; Oudejans, L.; Tabor, D.; Touati, A.; Ryan, S. Environ Sci Technol 2012, 46, 923-928.

2.  Wang,Y,; Jiang, J.; Hua, L.; Hou, K.; Xie, Y.; Chen, P.; Liu, W.; Li, Q.; Wang, S.; Li, H. Anal Chem
2016, 88, 9047-9055.

3. Jiang, J.; Wang, Y.; Hou, K.; Hua, L.; Chen, P.; Liu, W.; Xie, Y.; Li, H. Anal Chem 2016, 88, 5028-
5032.

4.  Wan, N,; Jiang, J.; Hu, F.; Chen, P.; Zhu, K.; Deng, D.; Xie, Y.; Wu, C.; Hua, L.; Li, H. Anal Chem
2021, 93,2207-2214.

5. Li, H.; Jiang, J.; Hua, L.; Chen, P.; Xie, Y.; Fan, Z.; Tian, D.; Li, H. Talanta 2021, 235.
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FETFREHE R A IEN B LB 224 2R T S8 B OB AR R B AL R o %
7N Ry NG i
BOW, BREHSE !, KT
1 MO, i A SR 2O SO S S0 % AR AR 350116

AT BI85 G o3 A 32 B T 0% S B RO, 8 5 B AR R L AT AL D IR,
FEMTRES), HorMri@ SR, s LA 2 SEBr R I 75 R o 355 0T 5l B O R o 1A o
(MALDI-MS ) {E Sy — Fofr e 388 52 (1 500 L 85 5%, 0 K20 PR W Hh 73 ¥ 6 S ] sl 1) £
SR T AL SR TEIX I (<600 Da) =A™ B[ 5148, 54 s~y 1
LR, SN E S5 R, MOPR ) T FAE /NS TR I A 0 R ST B O AR R S AT
i (SALDI-MS) fiffedc 2l &R BAE A AR EL, RIS FREX A LPAR AL 5=
TP, AT LB TR R K T R BN T, R HEA GRS WL FYE
PEUT S AT SEPLE o W S i BT, RSO R T B TR R AN A HLE 2 R
TR B IO AR B AU S FT B R, R TR 555 i) o4t

ALV EAL =R, 2,4,6-=F3E-1,3 5- 2K = IS (Tp) AN 2E % (Pa) 1N
A HUE ZERIR L TTR, £ liFes04@TpPala /A N il Bbe il 4 FesO4@cTpPa, it
SEM. TEM. UV-Vis. FTIR. XPSFEF-BOM A EHIEAT T 3RAE, I 1A BHE ASALD IR .
LiFesO.@TpPatfitl, HArYImik (s 5k B3 gsm, BRI ST i, DIXUHALE
NREF, 4y 5 LLFesOs cTpPa. Fes0.@TpPaff AL, 1E f =T k6 Il 45 5 2R
FesO,@cTpPa i sk 1 RE AL e /1 5 B TR, R I FesO4fcTpPalt t [FIAE FH ,
AN T 25508 2R F RS, R2h. BE3s. IS, MISEIRIES M ahT, HEAR
S5 g vp 20z M .

213. 057

(A) (B) .
5000 5000 o
-+ =
g [
1000 = ~ 4000 T
3 g - *
= 3000 — 3000
& = |‘ *
5 3 . = w0
§2000 le0,8pPa "= 2000 0 1 I 2l Fe,0,@8TpPa
E O s A clpPa *qé = cTpPa
1000 Sl Fe,0, = 1000 C\I‘ I'e 0,
I Fe,0,@cTpPa o FCGO,I@CTDPE.
0 r r r v
50 100 150 200 250 300 350 400 450 100 200 300 400 500
m/z m/z

Figure 1. SALDI-MS spectrum of BPA using FesOs@cTpPa, Fes04, cTpPa and FesO.@TpPa

substrate in positive (A) and in negative (B).

S RTRIHOLARILE TARU, SR, SREHS 4
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1. Z.Guo, Q.C. Zhang, H. F. Zou, B. C. Guo and J. Y. Ni, Anal. Chem., 2002, 74, 1637-1641.
2. Z.A. Linand Z. W. Cai, Mass Spectrom. Rev., 2018, 37, 681-696.

3. M.Y.Zhang,J.Li, C. Zhang, Z. F. Wu, Y. X. Yang, J. G. Li, F. F. Fuand Z. Lin, J. Chromatogr.
A, 2020, 1615.
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T B R R B B —RESE R IR B3 M B I B2 A

FE, WEEDT, TwiEg ", E T T
1. P EREGE S B A RSl %, TR ERER R R S, RE T L R
457 5, LT KiE, 116023
2. P A SR R e S TR b, ERF B ORI ER R ST, R T L
457 5, LT KiE, 116023

3. FERERE RS, JbETTERE 19 5, dbml, 100049

DI AR I I R v 1 1 R ) P A AR, PR B AT A A R ) I o R
BRI TR ELN B R U RE, Fer B S B TR, &R IR
TE M EARZ R 1) 2 K. IR, i I iE e KRN A 6], XA Fa b s b
TR I % JLIRIGER 20 7 B (REMPD) 75 B0 % 5 5t HARAR B8 K O G 285
IR, AFIT I KIATELR . 12

ARSI % H ERER R R ARG AT R BTE (HPPI-TOFMS), KA R M fb LS 58
A (VUV) Kr ATYE N HESE, AR/, Mg, @EdEmm s X E2E Pa &4,
WRTHPHEE, S6580URAERE T ERMRg, REEEE pptv %, JEHE
HIREY K TR 2R ), 3

REA LK (PVO) —FHE Z 8k, HR e F2 nT DU i 2 Fh s B g 12 AE il —
g, ATAEE ML T HPPI-TOFMS (2%, SRS 267G 0.1-100 ppbv, i Hi FR AT
1% 4pptve SRIGFESIR M T PVC IBEAUARGI R, FRESR. &Msh, mrilthZE. JE.
B/AE. B, WHESEEWEARTE (EPA) AR ZHI5E (PAHS), X4 PAHs X/
ASIREERIN S e 223 Fi ™ H 1 f 5, R tho —RE SRRy . i — b, (i F} HPPI-TOFMS
Xof ] P AR v b R AR e b e AR AR SR & PAHs 25 RER TR RYIEAT T 12 K1Y
S, XHBITREE R . SRR, Yok, KEAR HPPI-TOFMS 74 /7%, AT LA
fa T A RIS A e TR e R4t , AT SEBR RESE s, I T R 0 S m

=
Ilo
R mAUOGRE Y, TUESEATIRY), I

ZE R

1. Gullett, B. K.; Oudejans, L.; Tabor, D.; Touati, A.; Ryan, S. Environ. Sci. Technol., 2012, 46, 923-
928.

2. Cao, X.; Stevens, W. R.; Tang, S.; Lu, S.; Li, X.; Lin, X.; Tang, M.; Yan, J. Environ. Pollut., 2019,
244, 202-208.

3. Wang, Y.; Jiang, J.; Hua, L.; Hou, K.; Xie, Y.; Chen, P.; Liu, W.; Li, Q.; Wang, S.; Li, H. 4Anal.
Chem., 2016, 88, 9047-9055.
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GCMSMS 2l 1B R ERES &

FR AATE Y3, AT AREAE 2 JEE L L XS 2
1. BEMERBEARAR, i, 200233
2. WA ASIE M A0, M, 310012
3. WHL TR, B, 310014

e B IEH NI 2R IR (AR YL, PBDD/Fs) & —KiBTE
PIFREAMER NG 4. RS E 2 IRKEE (PBDEs) 2 & R0 - RER M 2 &
ZIFMLIR (PCDD/Fs) A AL, 4 75 # PBDDs Al 135 f PBDFs [F &4, %3 Ak %
[F)¢7E . PBDD/Fs HIKIEZFE, BFRIRAHMA A~ R a2, bk, &8
AT E SR SN, HRGC-HRMS 1B 70 —RE I S bnte, OB i 1) R % A P R
FEi&E G PBDD/Fs 73 #l2), IR R bEE — B PURFFROR IR R, REVER TR, [
FERT DL >R b e IR AR W 0 S5 By ol - AR A (R R BRI 45 & GCMISMS
M b 14 FhyRAL Iy

SEIR Tk REANATALEE JA S5 EPA 1613B J7ik. HUKZ) 10g T3EFES, FESAEEHT
TN bR, SR IR FIAEE (ASE) JEFRHUE &t 5 A rERA:, T 7 SO A 1
o BERE S, AXES BN BT AT ERE AR . AXE R EE A MRM B, R =
JR B BT VR

ZE R EHE. ASZIG R Rtx-5Sil MS 15 x 0.25 mm x 0.1pm fiék:, @il A K4
B MR RCE R A, BT RUA R0 =g 45 (OBDD/Fs) FIfREE, FRRHAE GC &
SRR, FBIRE T REE. BRERAEMLIE CS2-CS5 (2% Cambridge Isotope
Laboratories EDF-5407. EDF-5408 #%1) ArifEfiZRIa N, SR RECKT 0.995, “F
YT R F (RRF) 0.74-1.27, RRF AN ARl ZE (RSD) HI7E 20%LL R, #5574 EPA-
1613B MR KARLRRAR AL CS2 MIARMERE B E M 7 Ik, BEREGH, SHEELS
16 RSD ¥ITE 15% AN o MHTVLA S HRAE T 24 HIEFES, FF ot FOREFMIRAFIEAS
PBDD/Fs L3 ik B 5 SRR IEAH LL, b T la7KFBl. N H4A 737G, PBDFs & & i
T PBDDs, AIfgE M T A NEZ Wb R be . IR B ff =2k

it ZO T EAA AR SR BUE, RUFRER R . AT o A g
) PBDD/Fs HIF M 437 -

FE&H: GCMSMS, PBDD/Fs, ARz Mk, ot A,
S CHR
1. Y.J.Lin, S. Y. Le, C.Feng, D. S.Lu et al, Environ. Pollut., 2021, 268, 115121.

2. Y. X.Zhou,J. J. Sun, L. Wang and G. Yin., Sci. Total Environ., 2021, 752, 141924.
3. Y. X.Zhou and J. S. Liu, Environ. Sci. Pollut. Re., 2018, 25, 33082-33102.
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B LB 7N B PR T ) VBB BBk FH 20 A 7 9

SR RAE S
L BUMITTERS:, PRSI T, ATHUREAC S BRSO A S0, b
M

URE/SWERREE (URRMERR, S5MILE 1 PA) SRAEY B E EAG AR, g —Fh
HEMR AN FN, ERSE. Bk S hemE T ATE, S REEREA L
S NARISE 0 70 2R WA o DRI, #EfG 150 S8 PO RELR 5 VR A B i 22 4 UBSL B4 P e 23T Y o
SR, MERREH 12 DBERRIREL ], BAENRIE. sRRMEMEEE RS, TiEERE
TR b o AT, HAGII AT b, ISR B R 5 (R Z UL B IR s 1) % 1
HEAE B, M DUHRRR £ it v 3 A I A T

i
HO:pLOH oH o\P,on 9/
0" 0 0=P-OH 0" 0 0=P-0
Ho\p,o ) TMSD —0 4 o
HO™ ' 0. oH —oR 0, o.
0 . o P, MeOH o L J p0-
(\) 00 \OH 0" (o \O
HO*F“=0 0. s /O—I:":O O‘F;P \
OH 4 OH 0 o ‘(l)
PA PAM

Bl 1 AERR I 50 4 H AL OB

ARTAERA =PI ER T B (TMSD) NH AL, ScBUEERES 4 T iR 5
BB 1), 25605 16 FH B AR SEBOGHAEL R vy R R i BE VAN . SRBG R B, 7EAF
D7) HpoE i A S A b I 2 B VA T R A ) R 4 T R DAOKOR R AR IR 11 R AL
R [EIN, AR AR I/ B () EDTA A1 0] DASR v A 8 R0 o A I 3R R o 174 Ak
WITE TS R 2R G 8 5k 3 AR G, TR LI T mz 451, TEfRAGS,
EF, MR ERERAN 0.25 ng/L, TAEMZRIZLMEEN 0.5-100 ng/mL, JiksEICR A
81.3-119.7%.

WEFRRIL, PR BRI E M 2.2 ng/mL GKEBEIT) 2 1686 ng/mL (). B /245
i BIRKREHRRE 4.1 ng/mL; PR REERREEM 153.5 pg/lg (EFUH 17, 3x10° pg/g
CGEDFF); ZBLE MR 13.6 ng/g GEH) ) 1.02x10% pg/g CRERETHD .  FRREETE
FRIAER T, X U BAAE R VR & S i 07 FH B 8 e R R 1

g BRIk, ARFFCRA TMSD W RS AR /00, 5% 7 B 5 PR 1) & R
EERREEETE, ISR TP ER N S ETREN . SRR, B ERSRZEE
WO, VR R A A R RS I =

Re]: NIRE SEEIRNE: WERfL; O EE-BUE B Mt
SEER (S RURD
1. P. Wu, J.-C. Tian, C. E. Walker and F.-C.Wang, Int. J. Food Sci. Tech., 2009, 44, 1671-1676.

2. M. Sajid and J. Ptotka-Wasylka , Trends Anal. Chem., 2018, 102, 16-31.
3. S. Yu, Z. Chen, Y. Wang, C. Sheng, H. Zhang and K. Jiang, J. Sep. Sci., 2021, 44, 1-6.
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M 21T /8§ BEH- % B F Rt FE#EE (21 T FT-ICR) RARH
K REERAEER =Y

HE !, mERY

1 HEBEEGESAERT ST, EREEG KR A SRR E Rk s, Jba
100085

S B S AT TR ORI K e SR FH DA 1) 32 3% 2KV BRI =4 (DBPs) B4R
REFEHHERN=ZKFRE. HORBESLAN KR (TOX) RERK, AmHix
80%TOX 73 FLH A T RFVIRA, HoFLHm. ARt . BN R . B A X [R]
—KUE AREERE (& & FRK) KRS, KA DBPs #H47 T ERE. et
e RGN HHRT, AKCH DBPs (=K. [mome. Kok, e
E25. KR AWEE . s AUHE A A A AR T A d . s S L BRI R
B, 48/ T 1000 Da FIH /2 F . ANLIH AR DBPs H 1= 8EiH 7. @it 21 T
Lt B B E AR (21 TFT-ICR) (23 HEB ST 73 8/ T 1000 Da (20 73 3047 1 4EFE
RG], FERAIH 1847 4~ CHOCL. 1243 > CHOCL. 509 4~ CHOCI; A %1 DBPs, &l &
A £ 1) R Fn & AR DBPs; S AL AR i A& %0 DBPs 1, 4945 90%H] CHOCI.CHOCI,CHOCl;
TESE At DBPs Wik s Sk 55 58 A0 1 1E il & AN 73+ DBPs AE & AR, K7+ DBPs 4%
B B HA CHOCL. CHOCL. CHOCL H1, FiEIRAEE F MUl 2, 0/C & Ftiak,
FHE O/C L NOM H 55 4= i 2 548 DBPs. 21 T FT-ICR /8 i 43 3 224 3 i iR A
FAK A S i B 1w = R s

REEE]: (i HIH R 1 R IR KT B SR AR
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YRR HRE AL A 0 O TR A 5

SRS LY, IR, pEE!
1. PR L A TR, PE %2, 710065

IFRREE S K EERIOK AN ERA SR REGER T ™ ERE, MEHExEELEED
ST A A R AR, DRIk 23 BT A B [ A RORE H AN [R5 0 5 i T o3 AR REAE N T 55 52 i 9L B
FEENRSER. FOUSEARETEERBIE . EFEL . SRS, WS e Z M
TARIERE AN VIR 73BT o A R RS b 738, TR AERE S T AT AT BB T
AEER, AN THt R 25 BORe il PR AT o R B RO B R TR T AR A I R, B
TR . AR S B RAE N — AR R R, BT B ERER R, TR RS RER. TC
TR PRSI A, O 2R T 2P S R RFE a1 00 R itk ) 405 25 f B s — ik
SN ST i B AR AR R AT 0 AR I, G SR A B i SO A R T n 1 AR o 3=
T, AU IS A T, R R 25 R k. N T i LSk, Han AR
FRZH R T — P A T B 1D L 2 ol 08 U 7 Y R 5 A TR P SR P AR R 350, SR P 1) 2% [ 4R R T A
RS RRLIENE, AMUAT A B3 s KSR AL S E BRCR, AR RER SIE R IE
RN R AR 55 255 T 4 N A3t 55 VS R R 25 P, P AR R v T B R 23 BT 1 BB« O T B0 IE o b ARV,
KA T AR RIIFREAGET, B AR SISO SR IR, R IUAH LT A& Se v i A LR
ENERE, HIEIREARE AN E G I S8R, R TTEBAE AU Z 55 A Tk
S IRFE i PR S A . T RAFH T RS A5 T SRR SR R I P R A A
W HTPERE RS IR NIRFT T S RN HHRE R S 0 & B0 AT SRR . AUl KU VB
AN, KIS G B S ER R VIR = 0.7924 — 0.9559), AR W ESHURLF
TR S i A BB o & ST R N i SR KRR R B3R it T — Rl AL
J7ik, HONIESAES BRI KA PR S AR R AL T R4 B

coated with
sorbent

analysis with paper
spray mass
spectrometry

4 o 8aseous precursors
« & [Si(CH,),, SO, NO,,
F\UNH; eee]
_— N .,'
second formation ‘e @
primary particles aerosol particles

B 1 R TP SR AN B A i R

KRB AR, RS, I, 4R, SRS

SE R
1. R.G. Cooks, Z. Ouyang, Z. Takats and J. M. Wiseman, Science, 2006, 311, 1566-1570.

2. H. Wang, J. Liu, R.G. Cooks and Z. Ouyang, Angew. Chem., Int. Ed., 2010, 49, 877-880.

3. Q.Wang, Y. Zheng, X. Zhang, X. Han, T. Wang and Z. Zhang, Analyst, 2015, 140, 8048 - 8056.

4. Y.Zheng, Q. Wang, X. Wang, Y. Chen, X. Wang, X. Zhang, Z. Bai, X. Han and Z. Zhang, Anal. Chem.,
2016, 88, 7005-7013.

5. T.Wang, Y. Zheng, X. Wang, D. E. Austin and Z. Zhang, Anal. Chem., 2017, 89, 7988-7995.
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CO 4R CO R BLHLE B FR R 5T

KRB, HBWE, ZWE, FEA
1.8 2240 T R A 224 22 B, PE 22, 710065

AR SRR AR HE ORI 2 R SR AR UR AR R R E E IR R L, BIERHENZR S
AP = SRR AT T 2 1 s 5 IS S [1,2] 4 SRR B R A D v BB R A 2 BT RO
SEMEA U — KB, 1A FIKPIRN T R ARG S5 I R0t T B e FL A A 3R A B 1 A
Kt PUESOR T RAEEIEL . REUE S, FERTERSER A, IS O 2N T AR S
WO E PEATE BT3B T 2 AL 2 S SEATLER O TE (4]0 S8 A B SR t g v
T COLIEJF S NMLBRRIRT T, fEZ A BOR T LF- 802 2R A v 2 i o BB X COn 3 I 7 it AT
M, T XA A BESE B COL IR S R BRI & & AR P AA, TR BE AT RS E %
REF0; 53— 07 LA AL - BUE BOR ZAE /KA CO BEATIR IR, 4RI &4 20K 58 L
USRS, KRB HO 70 FHREEZHEN, HRo By 2 v BT 2 R 0™ 4, AT CO ik
JEP=IRIREHE D Mo 8 T IRAIRIT BB EE AL O — S B A A B0 S SR, ASHIF TR P s
BOURTT S | SR B A AR A, A B = EE DU AR T A B — SR DU BT T XA A T S
S5 IR PVURRAT T Dy — AR I R R B RS NE 58 = DU AR vl 5 S L2 B [ v [ A A =4
FEL AL BRI A5 SO0, SR R RS S F N B R 377 S o U A 2R 4 Ay
PRCTE, RGHEE T KD TAE ZEAMOR SO — AR AR AR, B AL R FX SRS, R
I JEUAE B SR A B Al A P R R SRR RV T S B AR P R K 7 T SR AR B (5T RN A B
IKAE Ao SRR R AR AN OOE F T BRSO S SR &R, [RIIN 38 3 F A 2 S R AT AR <3
SRLERE o AZHE TR [ 3E — ATt JR LB SR AL 1 05 A d i, ORI o BOR AR R A B
RE TR AL AT 10 X P (L S B AR H AN B R S I

. ¥
CO,+H,-» CO+H,0 (i) ~  COqAr
Conventional routes | *CO, + 2e + H* - *CO+ OH" (i) g
© . .
*CO, + 2e"+ 2H* - *CO+H,0 (iii) o || Injection
£ e~
This study *H,0 + CO, + 2" + 2H* » *CO + 2H,0 (iv) @ || (H,0, CH;COOH, or others)
T
Cu-based specieiand others Cu*or [(iu(HZO)]+ Products
nanokESl| J ! ! '
L (o \ (S (|
| IO T I O I I B —_— | H |
1.0 k)——+irbb T _L Toctopole s NINENEG_. - CRINE— - ORI
—_— ; T T T
CuCl solution MS Inlet Ql Q2 (Reaction Region) Q3

Kl 1. COx #At Ny CO [ BTV EE 1) 57 v 73 B i 7%
REER: Bl —EUkB UL K R
AHTFERE R B RF ARG R (kS . 22274128)
S35 3CHR
[1] Wu, Y.; Jiang, Z.; Lu, X.; Liang, Y.; Wang, H. Nature 2019, 575, 639-642.
[2] Jiang, X.; Nie, X.; Guo, X.; Song, C.; Chen, J. G. Chem. Rev. 2020, 120, 7984—8034.

[3] Zheng, Y.; Huang, Y.; Zuo, Q.; Zhang, Y.; Wu, Y.; Zhang, Z., Anal. Chem., 2023, 95, 6163-6171.

[4] Wang, X.; Zheng, Y.; Shi, J.; Gong, X.; Ji, Y.; Han, W.; Jiang, Y.; Austin, D. E.; Fang, X.; Zhang, Z.. Anal.
Chem. 2018, 90, 11138-11145.

[5] Zheng, Y.; Yao, H.; Di, R.; Xiang, Z.; Wang, Q.; Lu, F.; Li, Y.; Yang, G.; Ma, Q.; Zhang, Z. Nat. Commun.
2022, 13,2577.
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FA T RS S0 B B3R A PR R 4 P AT e TR o

(PPACI-TOFMS)

ML, AT
Lo KA T

A (NHs) 7ERSH AL, ERESM IR SIS AR A IR R, iyl p 5]
IR E RIS, H R B T (CIMS) 78 43 b R 0 ST T I P 9 A 3 3 o) 3 2 i
SR AR TR B - A AT R X R AR S TR AR TAE R B4 40 (VUV)
Kr TR, 7558 & TSN, 5200 AR S TR E R %R
WAt o B =X 451, BIE 90 %l sig R SR vT LB H b, REUENTE ppby 4%
Ao Wit 7 —MHE 5 IH— AR B T, (A IR AR AR W 22 (RSD) HH 17.5%F% %2 9.1%,
R2 M 0.8340 #2131 0.9856. MASFERRETHE AR R AL IES 4, R IX LeR: I E S50k
A Hm&ﬂ#?ﬁﬁm%&ﬁ ORI A N EIRE . AR e R R 60
F2IIFE (LOD) & 8.59 pptv (S/N = 3). 2021 4F 1 H kX Al it ity CIMS i v [H 75 &
WL X KR E ) HIR B AR T 7 R IE LRI, 25 R MIRIZ M 1 - 130 ppbv A

N
B

REgE: A BB JERINT Fot T EL

S CHR
1. F. Bianchi, J. Dommen, S. Mathot and U. Baltensperger, Atmos. Meas. Tech., 2012, 5(7), 1719-
1725.

2. L. Katrianne, Y. Chao, D. Lubna, et al., Sci. Adv., 2018, 4, ecaau5363.
3. X.Ge,A.S. Wexler and S. L. Clegg, Atmos. Environ., 2011, 45(3), 524-546.
4. D.R.Hanson, P. H. McMurry, J. Jiang, D. Tanner and L. G. Huey, Environ. Sci. Technol., 2011,

45(20), 8881-8.
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M EHNREW B ERNRER B LESHRIMHB

PR L BRER L IER L, R
1. il R 2 2EBe, M, 510275

3B E AN AR ZEE AT A S A . M E LR S EK. A AL BER
JR TG R ) AR B A RS R, TS S TR R TR 2 AL E B . A ST T
RO SRR AU S AT B, KR T SR o b B R R

1. FFRE T HEMERRAUK B A I A LR 2204 B b 1 [ AH A OB B 77, 456l ik
TRAE R T /0 R B FH R AR A I A i R R IR S A A . RIS A & T R 2
BRI IR AR E G LM A VLB ZEPRL, & R B R, A HiRA . EaRY
SR T BRI M A VLR 2L AR E M, ARG T MR REE, MR LR TR 93.73 mY/g
PR 429.79 m¥/g. VNEAMEWENE BN, B ITEL T Y, REE S, iR
7E 0.0058-0.025 ng/g Z (Ao K15 15 B B FH T KEXS R A= HE b Z BRI e, A6 HH R AE
0.10-0.96 ng/g 1 0.16-2.6 ng/g & FE 2 [d].

2. JFE TS RESM GRS YN TR B A, %4 HPLC /i & s
fl A RHE AL P BRI 9T . BB BRI A WL R S & s, W R EE i w
LI FE AT SEEA R ) — 892 B IR S RO, 1R B AR R B B
FUNERTE L5, KA A5, e YT o Wil 15 20 5B W TUER 1E N 78 2 [ AH 2 U B
7, RO XU SR R R RE 77, BNV v, R RIUAT AT ML bR
&, LOD fHAE 0.03-0.20 pg/L 3 FEl 2 8] o ASHIFFUKG SN IR 77 15 D) B FH T SR TR A o £ it
il RLIE A% U P TR ) & & AT

3. JFRE T B A DR IR AN A LB 440 R xC AH 2 B/ UHPLC-MS/MS B 20 &
mn R R AN RS E A 7T . 8 SR kA i CTC-TFPN-COF I H 73 HU i) 25 0o
AR 2 O PR AR P A 451, BA ORI R AR AR A A e 1, 7RI o
B 2&AE T AT AR R4 e (KA 2 454 « % CTC-TFPN-COF S T35 B 5 42 I (1 i) 4% J S TRt
LAMERRE A ZE R E 4R o I8 A X AH 2 B R v] DUod i 0 He B 30723 1 77 S BIR RE 1)
PURALEE, 7R RARFRE S 1 = R0 PR b 77 T R I L R RE R /g, Rl R R 18 i ik
PERIE RS I IR B SR A e e 7 PR R 7 2 R A 23 BT o

4. H15% TS AR INAE I A HLZ L (MCD-F-COF) [EAHAEEL T, #53H5 H FXU
W2k (BPs) FIA35i3Etb &4 (PFASs) MR &4 . FIH MCD-F-COF &5 & i 280iHH B Bk
Jii (HPLC-MS/MS) 57 [ Rl & S AT I & B fi b kL J2 L& i BPs Al PFASs [1)4)
WroTike ZITEBRAERE. REE SR AL FEEAFE M BPs F1 PFASs [5E &0 T 77 1H
A R HIR AT
Regw: LM ANIEREY): FEmATAREE; /il gRneensi.

L E BN

1. Chen Yanlong, Xia Ling, Liang Ruiyu, Lu Zicheng, Li Liang, Huo Bingyang, Li Gongke, Hu
Yuling. Advanced materials for sample preparation in recent decade. Trends in Analytical
Chemistry, 2019, 120, 115652.

2. Liang Ruiyu, Hu Yuling, Li Gongke. Photochemical synthesis of magnetic covalent organic
framework /carbon nanotube composite and its enrichment of heterocyclic aromatic amines in
food samples. Journal of Chromatography A, 2020, 1618,460867.
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F T IR X 70T P AR 56 o 24 v P e EEL 7 e 2= el 7 2 SRR
i

’/f}fj%iqu‘ 11 7,%Q?I:IZI: 1’27 %/%ﬁt 1’*7 ﬁjﬁ”‘}ﬁé L
1. FERHEEVRBREOAI T, iS5 asE AR E Gk, Jbag, 100850;
2. bR EEZG R 2R, JEa, 102488

ik s B 7 g A= ek (Pyrrolizidine alkaloids, PAs) f&— ) 2 A TV T I RAT R,
oA 1,2 AL AR XU 1) TN BE JE 210 PAs AR N 7K AR EL 28 CYP450 g R AE a1
U= XA = P i s SR N B % Pl B2 )51 DNA AT RNA & R 2 APt fE
o BT LG R IR, o =R B a e T Bum AR A E A - 7EFRIE 5 PAs
PR 2 NRVE Rz, X SRR AR, iR AR T waeka g, B,
Hh [ 245 SO0 T BLOGZG P EAT TR 22 JE SRR & 2R e, e HE 2T 0.004%,
SR AR AS T B BT fiRI AT A & = PR o [FIIE, R4 2517 AR bRy PAs
B BRI, HEZDE PAs 24 1) A FH A 75 2K B I SRR A A

R 2 BRSO IR O A 92 R B AR R A S e O A A R ) R A A, R
TRORH € 53 TG 5 70 1 o 3l 5 AR A A 0 AR T AR F- B, S AR RS [ i A
I3 M B o AR T an ] 8 K B S A P SRS A RS BAE PAs IAFAE RN — M HE R
Bl & ALAs 2 ST R R, TS B 24845 2 1 R E s, Hr 2 Tm BB AR 159+
WX 28 LE R AR =)0t 2 MG R 51 )2 00 . ISR BT MIS? J5L i B T 1 1 9 285 71 1
B, MRE MS? G A AL IEAT VS R 5 AT AL

ASCER N UHPLC-Q Exactive MS SRAE [ MS2 B HEAT T 1R B 2 31 431 X S8 A5 8 fg A 2
50t4k, @ 7 —Fhiia % e i 25T B PAs AR o I 78 S, DA M FR 245 1 2 A pk
HAREUHE PAs RIIK Y. FRATHKH Full-MS/dd MS2 $df R M5, FIH MZmine2 %ttt
AT BIS I FR I o) 1 2T o (RIS =552 7 P RRAS [ 0200 B it i o 1 4% . — it
GNPS M 25 F-J5°F- 5 % T MS-Cluster 1 Liner regression 5752 IR S AL > TN 4%, 2 Fl
F MetGem # 4 [1] t-SNE SIEFIEE /3T E% 1, il il ax i 2 s, FRATAVE i 2t Bk
W25 Bl PAs ARy, BLFE 11 R RE 2, 1 Ff HE AL, 5FF P 240 8 F P-O Y. FAkLbs
PAFRELI T 45 R, BRI PAs A2 MO SO 27 4. FEELXT 23 Arint IR
MetGem HIT>KH T t-SNE SiEn] A B RREFEESS B, BidH T PAs 2o iR A . itk
Ah, PAs A FE TG B 22 R 1 PR RPN A THT, X AT RE T 3 FRATME B A ek 48 R PAs 122
AT . FATEIEIE MetGem & 1 10 Fl PAs bl i 22, alSCHLERL. 7 AT A 4
€ PAs tL2Ei . R, ABFFREEIET -SNE FiEM o F N2 i & 4 2 Hh 245 PAs 1L2%
BT BV TSRS, T8 PAs B 241 PR S 22 A i A B B R S

SR M Y E AR 4> T 4% MS-Cluster; Liner regression; t-SNE

S CHR

1 ExRZ R, PENRILMEZHRS]. —&8. dba: P EEZRHH B, 2015.
2. L. F. Nothias, D. Petras, R. Schmid, et al. Nat. Methods., 2020, 17, 905-915.

3. E. Olivon, N. Elie, G. Grelier, et al. Anal. Chem., 2018, 90, 13900-13908.
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BT R R B B 28 R ARG R i P T ik

QA 12 ORAR A 2 R 12 R, YRERE L
L P EBERE D BT E SRR R T E RSB OGE AR T, LT K&
116023;

2. EREERE RS, dEET 100049

B 25 NREREBAMR o 29l F A ARER NG H AT dh 2 e U h A7 AR I 2R
YRR 2o B, BEXT R S RO R 25 S AR TR A, R R 2 A TAR IR —
WU BRSOy TR PRI R, R TR A A R AR 1) 5 E BOR R SR 2k R b A
CURH/ AR ALY S A 2T, T B 2 A SR AL B HOR T BL 45,

FEAKIFE, G e B (- vy 2 R U ST T — A o A AR 1) 85 24
HAUY ARSI &5 B, M T R LA i EdE R, s T 3710
AL AU U, ST BB N EE WO T 2 SRR S A
YOI RS R AL, B4 B 24 R HARMI A AORESURFAIL 25 A I IO RRE SRR IR S5 iR
BT RS R T R RN R RN B 2 S HAR I AR SE 3 0 & iR, AR B
FREE AR RS L B NIRRT R 5B BT IR RAE VL RC ) B Sh I & 5% . H5
GITEN T SEPRS EREA R YR B AL R I 2, RIDFEE T 4 DEZM 3 NEAN
.

PAESE SRR, AW UL A T LASEBLR 2% 8 b o b CLORI/AR KN 254 B LA
MIARRE G A, Rk PP SR Ot TR RS

REEWE: UM IE-FUE; AL, R 291 R

SR

1. W.Muy, E. D. Asselt and H. J. Fels-Klerx, Food Control, 2021, 125, 107953.
2

3

4

5

C. Miossec, T. Mille, L. Lanceleur and M. Monperrus, Food Chem., 2020, 322, 126765.
. W.Jia, L. Shi, X. G. Chu, J. Chang, Y. Chen, F. Zhang, Food Chem., 2018, 262, 110-117.
. Y.Fu,Y. Zhang, Z. Zhou, X. Lu, X. Liu, C. Zhao and G. Xu, Anal. Chem., 2018, 90, 8454-8461.
. A. M. Knolhoff, J. A. Zweigenbaum and T. R. Croley, Anal. Chem., 2016, 8, 3617-3623.
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B FH T H B AN A PRl AR I T R A
REAR, By

Lo A EARORRE BT B AR S A AR T L e X A B R 12 45,
100081

WK, FEFWAMORE- SRR R (LC-MS/MS) G E 4 il B I 7 V4 & i
AR N . RIS GRS AR A B2 SIS ISR A R LA A SR,
NORBR A 2 A RN T HEAE . AR, B SERLAR IR A v e A A 4y /b
Do BRLAS NG A B it ELBEDRE R AL I T Sy e R T B AN B AL 14 5 i s oo AL &40,
BLFRHUEG BRI TR SRANRUSGR . SO A . X SN N R AR I, T
IERAE AN, UM S, a4, R RS a2 R
FiEARZE, LIRSARZFEFEE R INAE I E NS Bk, 2B
PR i R SR I ) A i, R R AT RE 2 AN IR RN R, A O KU
MR EEAR T B

AHIF FE DI i A 9o PR SR, ST 180 AhIERLAN N7 ) il s Al ik . 58
—3, BIEET 0 QuEChERS HIFRE AT 7V, HBREAFE LK CGERUR) MR, W
FREk il &, &b CRRE R S B ARSI A A S XA IR B R s .
TRAR RS By, B EIEWOL B (6-mL) BEIAM C18 b GEdlmiEs 5
W), ZJEHH 2mL ZHE8EN . IERAERTRT G OB BV . 520, @ik
T LC-MS/MS B3 #1571 K] Waters Aquity C18 % (3.0 x 150mm, 1.7um), FHFEEHE
M 5 R B A FA S, WA 30min. R ESI B FUREShZ&S 2 RS I (AMRM)D
B TR A, DA 2 5 LUK 1) S A R

SEEG AR, MMM E RN 0.5g B, I 0.1mL & BER R0, R
I 10mL ZJEAFERGH (5 0.1% 4 %), AR 250mg B, RO & LF. 180 N
TR I PR Y 7E 10ppb LAY o 247 NI EE A 200ppb B, 130 ANESINF ) [EHCRAE 70~120%
Z ], SIS ER) 72% . TR 75 SR ARIAR] 70%, FEEFRAHA. —=2&
ISINFTERE RGP AR 2, IR MRS AR R . i A B C18 SFUREXS 0 43V 71
AR BHEF, IRAERE T k.

AW TR T T B QUEChERS AUV AH (215 - 53 15053 15 A AORE v b 180 M I KL
0700 ) vy e A 75V o 127 9 RT T e DA P R LSRR I R (0 0 AR ) S
SERRTI,  JAE IR I SRR ARS8, DA IR e R 22 4 e B 2 4o
REEE: W, BRI, Sn@EERN, LC-MS/MS

L E BN

1. ML Goémez-Pérez, R Romero-Gonzalez, Plaza-BolaOs P, et al. Wide-scope analysis of pesticide
and veterinary drug residues in meat matrices by high resolution MS: detection and
identification using Exactive-Orbitrap, J. J MASS SPECTROM, 2014, 49, 27-36.

2. MREDR, 2/, RWEE. R IAIR % 35 -7 v OB i v e I s 0 & it AL A ot
16 FHTEALT, 1. B A1, 2010, 12, 233-238.
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RAEBOCTI /15 B8 i o B R o R AE T TR B e I L L
I 5

W', KEMF ', XZERE', Zenobi Renato"’”
1 BT RESAA A T B il 2 o AN A S E A LI =, BT 361005
2. SR ERISIE T 22 Bk AN AR &, 77821 8093

AW FARIE T —FoBBOek S (LAY SRFE. A5 P4 e e 235 (DBDID 5 i kH
HRRAETRIERRE (AP-MSD EARIERF R A TEAED H WL L . SR B A
w A AR ER TR SRS AL, AR HE 0TIk 25 pme AR SR RSB IO GRS )5t
FHTCE B S A AR 1 (LA-DBDI-MSI) SIS W4 300 368 e AR 3508 R - T 79 ol it 24 5 3P A 25
TE 7 HEAE IR HH R USRI G Z o K P W P A 24 2 Tk FR BRI 55 5 it AR AR L (R 955 97, 75348 7 PR B[] )
Fap, EBCR BRI, @bt T, B P = WA s, EA
F LA-DBDI-MSI X H jlif8 . IATKIEEFE 6 KRG, ZREEH IR 3 B A et ik b G+
10 R, AREEFFHMCE A T8, HAEMZAFDERR. A, AT
A m/z =70 PN IEPEY) R 2 B A fE A b, AR K LR AARAATE . R AT
AR T 255 &R IR RO A3 (R 25 22 5 0 AT o AR SC ) B T AR 25 TEAE P A
IR FNFE AL, X% TR 2GR R $emi R EBA SR A R . X egh iR
8] LA-DBDI-MSI 754V AL iy B} 2240080 5 BRI R 77
RG] WOLIRSS: N FRPHES R R R R R ARE G RS AR 2R IS LB

SR
1. Q.Lu,Z. Y.Xu, X.You, and R. Zenobi. Anal Chem., 2021, 93, 6232-6238.
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BT GORAEHE B R T BB R R

FERASCY, BRA Y, DhiE !, BB 2, (ke v
1. RIRAZG S22 28 SR st =, R K AR 2408, &R M,
510642
2N AEMFE R ST Ly, TR LN EERE, RN, 510640

F 5T B B O MR/ LS B 1% ( Matrix-assisted laser desorption/ionization mass
spectrometry imaging, MALDI-MSD AR HHATARIC JE5ER . S R B0 H, Tk
I N T & RAL P EE IR 7 Hr b SR T A8 48 MALDI 2551 (41 DHB.
CHCA) £/ m/z KIBABZMNERTIES, HS50nEEs &A5] 5 b st
TR Rk, FET 9K ARG KR} 1) 2 1 4l BBOE AR/ LS (Surface-assisted laser
desorption/ionization, SALDD) H{ARAHZAKH I, R AHHES) T LDI-MSI B E. #Z7egK
i R H BRSO KRS, 5T 548001 hett. (RS S R IR
SERF R, ARV R TR AU, SR, A SEANK I BHE /N oAU AR I K
HAE B A R A5 S U AT et — PR 5E

i, Al eI T A s, ST B R EE. R ST AR
SiO@Au A% FE S KA KL . BT HALR 45 R LW, SiO.@Au FZFe AR R TR 8 HlE .
N2 SRR AN AR 2556 35 HA AR GF e B2, [R] I JE B7 A AE A 2= P2 AR il i T4, AR T/
S PRI . BEJS, A SCHK SiO@Au AZ ST KA RN F T 235 i 45 B e 4l 23 Py R
PERSMEPEYI BT AR S, FEZR T AR SN KA BHE 5T 1% S AR S ) 2 FH i 5% o

R POKRT, oedik, Y, Bk

ZE R

1. K.P. Law andJ. R. Larkin, Anal. Bioanal. Chem., 2011, 399, 2597-622.

2. V. Vedarethinam, L. Huang, M. C. Zhang, H. Y. Su, H. Q. Hu, H. P. Xia, W. Liu, J. Ma and K.
Qian. Adv. Funct. Mater., 2020, 30, 35.

3. M. S. Rana, L. Xu, J. Cai, V. Vedarethinam, Y. Tang and Q. Guo, Small, 2020, 16, 2003902.
V. Vedarethinam, L. Huang, W. Xu, R. Zhang, D. D. Gurav and X. Sun, Small, 2019, 15,
1803051.

5. 1. Gan, X. Wei, Y. Li, J. Wu, K. Qian and B. Liu. Nanomedicine, 2015, 11, 1715-1723.
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Fe TV AR Y B ER A U I ) 2 RAL T 5T

LEE Y, BRARY, MY, BGER 2, MRk VT
1. RIRAZG S 2R W2 28 SR st =, R KA AR 2408, &M,
510642
2N AEMFE R ST Ly, TR LN EERE, RN, 510640

J i B R B AT bR AR R AN 2 R o M LA, Caw) Iz R T 5 R
VIRIAE A 2R EL 22 AR B N AR ML G 0T SR, B PR it 1 8% A2 T AR S B rh
FREEW L, BT EILE DTSSR U ORR 31, anfalfE ORI 2450 52
B B[R, AT RE R A IR 0 A RS R R A+ W, BT, ST FLE)
A 2R ) 5 G S ) 5 B — e bR dEAL, B ST H AL, R PR A 2R
HERARNES, BRI I TAER R 7 — @ kAR BRI, T B g o 4 i B
R R £ ) R G TN SRR AT SR D

AL T LA E LI REAR AN AEREAR B A N ZAREAR, WA /NS . B /N
R B RO A, RGHIR T THLIRE . VIR IR AR S5 250X 28 B i 4H 230047k )
PR AR Has BRI fE/ S (Matrix-assisted laser desorption/ionization,
MALDD 5 i G EAS AN A B AT AR 0. 4R E W, BT B % T %A
A, FHAFRRRZ AR, WTEHSSED R AR B, #xree B
B REFRAIERREE . VI R QRIS RS i o1 Y o A 5 S O
ATGURIE TR Ay J5 2 B U ZH AN HLA AR AR RO R a1 25 3R 41 T 2%, 8 MALDI-MSI £R1E
EHALZ G RIRA, FHIZRE AR RG22 T 13 77

R SUER, FERGIE, B, EiE

ZE R

1. K. A.Nelson, G.J. Daniels, J. W. Fournie and M. J. Hemmer. J. Biomol. Tech., 2013, 24, 119-
127.

2. B. K. Kaletas, I. M. van der Wiel, J. Stauber, J. D. Lennard, C. Guzel, J. M. Kros, T. M. Luider
and R. M. Heeren. Proteomics, 2009, 9, 2622-2633.

3. B.Li, Y. Zhang, J. H. Ge, K. H. Liu and P. Li. Anal. Bioanal. Chem., 2018, 410, 7449-7456.

. R.J.A. Goodwin, J. Proteomics, 2012, 75, 4893-4911.

5. Y.H. Dong, B. Li, S. Malitsky, I. Rogachev, A. Aharoni, F. Kaftan, A. Svatos and P. Franceschi.

Front. Plant Sci., 2016, 7, 60.

Email: wuxz@scau.edu.cn



mailto:wuxz@scau.edu.cn

96

3R VOCs RN I R SR T X 15 348 1% 7 K N

W |, RS, R, WA 2, mf
1. BRSO 5 B T, TR TN
2. JTIMRAEAX S B AR AT, 7R M
3. JTRE KT RAE LN R LREEART L0, TR M

AT DX P 38 43 A bR T RS0 G 7 v A BRVREL A7 7E M HE SLHE T A SIS,
HIRAAHE T2/ 8, sk ttEE 1 HESE I VOCs miar E 4% 2. B4 Es 4 VOCs i
DU A IRE S TA BT AR B A HrAERT 3, A& A T T X VOCs I BRsHE A FE
AN T —MZEH VOCs EMBM RS, 455 ESHMHIEEESH, vOCs EfE
AT DASER SR &40 Y VOCs HIREF A (0] 4340, TETEFEMTALEE, TERPRLET (] Py Pl 4
BRI, KRR RIS AT— AR, BRAETE, FER AN () B3R TS R A I AR .

T TG ER AL T X AT R, QB 1 B B R T X AR B
Je HIE TS 26 LA ey VOCs HERUR B 1) 25 B At s B KL, B 2 B N e £ 25 4L
WY R B AR AL IS 0 o PR AT I B Y VOCs MR EEFIME A 432 pg/m3, AR 2 o3t it
682 I, WHRE SATFATHER, RILEEA LT UMES S8 VOCs W R G K
T E T8 R AT, AN DR E S, RARWINEAR R, RAE SN B RN A
R A8 P bk AL ERHEUS RSB R AL B HE R, TR M PES R EASH,
RN ETRIBE & VR TG, TR AR IS . XA R Al o WL 5, R B o 13 Ak
FU A 8 6 e 2 A Tl X PR RS AT S . (S IR IR A 406 ¥, WEIEIIY VOCs ik
FEBIME N 322pg/m’, BRI E RN B, RE TR 255%, EESRPL.

oEEE 0EERE

&
o T 8
S O
£ # ¥

&
Bl 1 ERERT. JEIE TR ZR L S VOCs HETROR L K 2 TR £ 2GR IR
Fy 2 1) A 1 s WA

SE IR

L. BUE, J /AL, 2020, 47,147-158.

2. ZRESR, FOHSF, TEIT, J HLEFE 2011, 32,3476-3486.

3. H. Zheng,S. F. Kong,Y. Y. Yan,N. Chen,L. Q. Yao,X. Liu,F. Q. Wu,Y. Cheng,Z. Z. Niu,S. R.
Zheng,X. Zeng,Q. Yan,J. Wu,M. M. Zheng,D. T. Liu,D. L. Zhao,S. H. Qi, J. Sci. total environ., 2020,
703, 5.
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TBOAE - DU AR AT R 1R R Bk PR S 2 ik 0 2 % e B A U AR D R A
CLERE 2LV 54

M M, PNE Y, R,

1. BEeEHE (hED) FRAR, Jbx, 100020

FRT, Al A #6155 AR (il 2 53 2 0 [ 5 i1 1 W B A B R = B & & AT GB
2763-2021 (B2 E K brdE 8RR RIREIRE), KT 2021 49 H 3 HigiEAsk
Jitio HARERLE T 564 FAZITE 376 B (F) & 10092 T KEE R IR &, FrfEFEE X
R 1 JTI0. B AR A RTR B IR BARE R N, R R 2. K= mFhRE £,
K= R A RS I E SRS AR SCRI A Byid LCMS-9030 i &1 R0AE € il DU R AT
CRATEF RSB, AT T — PR e M 0 A A e A DA AR M £ AR 2GR B
he —EFHEFE, M MS BEEURESE MST FEHESGER, MS/MSDDA)E R R4
RN TTEAL A MS2 KSR R B EUTE . 3835 A 24 v 43 RGP 1 £ B B 1]
MS1 KRB R R0 R HERE . MS2 i B 5 B UTEE, 83 T nl Mtk &40t &
Y ah R, FIRER TR RS R . GRER: ZESIREN, e RE IR, R
e R, — PR R ERUER /N T 2ppm, [FAL R0 A0 FELSCHERG, A% FEDUAC EE
s B R, TR IR BE KN ng/L RO AR 25 Je FARIY . %078 — A,
[F) I 52 1 H AR 1) 8 T 07 2 R0 S8 A, A R B T T R £ A e Ak 24 0 A (AR I 2
R, B R S BR R A A -

REE]: EVVRTER S ARG A DU AT )5 R
S CHR
1. GB2763-2021 (BMZEEZFIRME PR GHE RILEIRE)

2. GB 23200.121-2021 (&4 EZEbridE MPIRTE &R 331 il 25 K AR Y5k B &=
FII5E TR o — o T Bk )
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Polyvinyl alcohol-coated cellulose paper for the extraction of

aminoglycosides in milk

Xiaogi Zhang', Guangming Huang'*
1. Department of Chemistry, School of Chemistry and Materials Science, University of Science
and Technology of China, Hefei, Anhui 230026, P. R. China

ABSTRACT: Aminoglycoside antibiotics are widely used in veterinary and animal husbandry
because of their high antibacterial performance, human ingestion of aminoglycoside antibiotics
through food will produce many irreversible adverse reactions such as ototoxicity and
nephrotoxicity. Many countries have set maximum residue limits for aminoglycoside antibiotics in
food such as egg, milk and honey. Therefore, it is necessary to develop a highly selective and
sensitive method for the isolation and determination of aminoglycoside antibiotics in real food.

Y —

extraction washing elution

® aminoglycosides \ J
A proteins T
¢ carbohydrate

V PVA-coated paper

1.5kv

Figure. 1. Schematic diagram of the PVA-coated cellulose paper based microextraction combined
with nESI-MS/MS analysis procedure. First, the PVA-coated cellulose paper was immersed in milk
and ultrasonic for 10 minutes. After, the analyte was isolated from the milk, and subsequently
washed 3 times with distilled water. Finally, the paper was immersed in the 1% FA-20% ACN
solution for 5 minutes of ultrasonic desorption, and the obtained eluent was directly loaded into
nESI emitters for MS/MS analysis.
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Figure. 2. Compared with the method of loading milk samples directly into nESI needles for mass
spectrometry and using cellulose paper for microextraction, the signal strength of aminoglycoside
antibiotics obtained by the method of polyvinyl alcohol coated paper microextraction combined
with nESI was higher.

For the first time, the polyvinyl alcohol-coated cellulose paper based microextraction was combined
with nESI to realize the rapid extraction and determination of aminoglycoside antibiotics in milk.

The signal strength of aminoglycoside antibiotics was increased several times in this way.
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TR RV A €2, DO B AT AT B TR B 1 2 e 9 ¥ P I BRI
T 1, FEIIRS 2, MIBRE ', GKIE 2, BEW L LRE BEN FRER Y, WHE!
1LEEMER (hED) FRAF, JE5, 100020
2. REMEEIMEAR AR, dta, 100015

il

I R R S AR T Z, S I AR 2 ok . FERA S B B I Gk W
I AR R AR A o0 » & A I R S 57, SRR A T I R A S
TR L8 F AR E il ) T B XECL AT 1 o R EE T ARy, I P AR R R o &5
AR, TRAERI. VS A5 T A AL — 58 R R X

By EH (hED FIRA RS PR RIAEA R ARSI, BREHED A1l
PRI B i R 8. 1IZRGEHE LN AR LCMS-9030 DUBZAT & AT i 8] & 3 94 it i
T 1R 0 45 58 22 0 A1 = B DU AR5 00 R 5T 204 R4, PR C B AR B T R 40k
P R 0 5 22 AT MRMAS I 53R B o 191 56858 28 48 W6 R i B AT 1o 20 0 o 1 R
SERENER A, AT I v 20 0 e HEAT DL o 0 20 Hr R G PR R ) Bt AT 5 R Al -
MRM iR BRI AR, 8 P 2 05 DA S e AL AR ) BT SE B s i, A T A e
Ao I HAFRMEE D TR 1~6 > MRM B7Xf 264, BEAFRZ AL A ke i 2t AT i »

B e T 2R LA Il 45 R R Th ISR 1 AR CAS i
T DREAIS TERN 5 18T I R R A AR e B LCMS/MS i 4 EST HLE I,
FESL IR IR 2 BNE T, BRI B AR AL MRM BT A I 2%
o ATTEEA BRI R T A DR I T B

R P DRV DU R AT [R5

S ER

1. T BEMe, <, & NP IR BRI A ). BRVEEIE, 2019,
7 (301): 110

2. EEE, EMES, B, S0P S 2 2R B AR N i AR R ZE S ] B T
0. AREFIEE, 2019, 3 (297): 110.
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JRVE BB AR SR ET T

s

s
LIRS AT E R E A s, FlRES Y, &, &b

I3

RABRY) (BB IEEAA<L2.50m, PMys) 4SO, i 2 moy G A g of =4
OB, gk i i 2 18 2 MRIEIA RSt N4 5, LA W] I AREATG ) L I B e i 5~ 2B
KRE . WATH 0T FE CUE SEPMy s 28 55 AT S8 INAh R AT V509 IO A0 U o SRTIT, S URIIP ML, 5 28 58 0F
TAAT A A LA L] AN TE 2 . ASCRBUE SRR P2 B, 52D &R . AR
g, HEREF2MD THEWFARARME G, DIRIRIR T TPM s RN N 5, o 1 4E
YRIPIPMo s X TARINRIAITE 28 A e HIRE R, IR R 5 AABRPM, s33 R 5 e R AT VEAH SOOBIR ORI ST 3R 3t 1
HEFE

AHEFEILBUN A S L IR JLINGES . BRSNS J LI gt AT BT v A 5 s AR I 7S, It 58 B0
SR LEEAT3D UG MR . SHLUEFAERILEL, R 0 M BEVE K B 25 5 HIPM s B BR AT OC (4L 4%
B ARG LI K B JE A S A X, A S A AT AR 2L Kk B A X o A5 2
25 B I 7 A B R R I ERE AR 5 1 5 22 R BRI ASGIE

PM s 2% 5 SRR NBEAP 22 2R B8 IS MR S HL o T HLRIIEAT Fopidt— PR R, IO T #R 7 ot A e
I R B 5 AR ARG L SGE N AETE R IF ) E K RT5 S s S A A AR R RO

K@ FUERUR: PMosRER: ZARER: DRT RN

S 300
1. Zhao, C.; Xie, P.; Yong, T.; Huang, W.; Liu, J.; Wu, D.; Ji, F.; Li, M.; Zhang, D.; Li, R.; Dong, C.; Ma, J.;
Dong, Z.; Liu, S.; Cai, Z. Science Bulletin, 2020, DOI: 10.1016/j.scib.2020.08.036.
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B i AL SETS G B RS 5 RS B A

DHTTTERIBT

VEPLRL
LB ROR A A L A, R KA 21k T2

A B T CASEBUCRAL . B A5 DR R, ) B 220 P mT UK 3 0 20 B S5
K= READ B S E RN IR DIE G et BB MECEERIHER
SRR BRI . R R T T R IEIE o, (RN AT e R R A e R, WA
BRI T BAR B . A SCE SRS S B0E R, RIEPIE R RS, X
B LSS e R B AT T DR 5 E e BRATIR R e X B A R e AT
THLEESBE DR, & RS B AR, B H R T uE
BALTC, R i AN FIAL B RN 5N A I AR IE IR G, RO A ek B 37 B s
IR FEA T 2% B R B VD I DB 25 s 55— 0 0 A R 5 4% A BT R R AR R Bl 1 S AT
HAL R B, 55 =80 NEL S SEIE, B A S A IR BUAAS T R B RORL, 52
U I G A b AL 205 IR o i Jm B o st i 5 OB R, RIS )
B P A S ARG, SR FH B (3R] SEBIL PR SE 1A R R I A

R BRSSO ekl 29Ik
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HS/SPME-GC X GC-TOFMS 4584240 th 5 55 4 T Hyid
XITH, WK, HEEm

1 BERg R BOEAES 5 RO FU A P

HAc R — S B RAEDI R A e IR B b, H AT T EAF AR SBIR SE RS DL . R
2 AR A B -4 UM Bl AT I TR B b e s BT PE T . SRRFHTIE 5 b
HAC R A BT E I, RS & B 70 (HCA). TR (HCA) IR i fie /)y
ZRIE-FIRI 3T (OPLS-DA) HEAT Z 70t /oM, Rk T M AC 5 A St M Ac 1 22 57
YEf &, BRIX o) b 5 H A HOAC ) H o S5 RR T, SR HIACHE f T el 21125 800
AL &Y, MRS GC-NS RILH 3R K 70 B RE .l E o 7 #r (PCAD A2
Farir (HCAY, W LAX 73 I+ FLAS P H AT, A i f5e /I — 35— H0 0 M (OPLS-DA) 4%
Frp i S H A XHIAC ) 16 Mg fEZZ b 59, Horb 3, 5- "B, (R)-3,5,5-=
-3 O-1-1F . N- (KPR WIR AEESE 10 A XAE T T Hofd h e i, BiWIEX 10
AL S T B R T RIS KT AEAR S - AT N T AT P AR AR S R SR A T A S
KR -
ReiE]: A TAECUREE, RATRHEBTE, herkAd, o)

a) | b)

c) d) e)

S 300
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62(37)

2. Zhang S, Wei Y, Wei S, Liu H, Guo B, Int J Food Sci Technol,2017, 52(2)

3. Meng J, Liu Z, Gou C-l, Rogers KM, Yu W-J, Zhang S-S, et al, J Chromatogr B 1105,2018,
1105
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ABRR UK 1A TIAR Y A HUBEER B T A AR IR B ARSI 5T

BAL BRI, EHZ, AM?, EEM, KEFH L2, EEELY
U E R AR ARSI A Ly, JERD, 100085
2 [E BRI S AR 22 B, BN, 310024

AR, BEEMIBERRNE (organophosphate esters, OPEs) {3 F FIHEAL 3G i1, I OV7E S BROCS h oA il 21|
Vo T Ho A i — Se Rt FE 3R WY, AR MR Vo L X 22 b 5 Hh OPEs V5 /K ¥ Ll I 1 2 1R —KlE (poly-
brominated diphenyl ethers, PBDE)**. #&Tfi, H i< T ALAROPEsTT B RUE AL b LI A FEA IR L=

AW FEREE T ACHR AT B /R L 5 3R B RAA M 78 1 DX UK )RR TAR Y, JF2E T 20 B E AR A2 (d-
SPE) 456 i RO (- HR I 52 (HPLC-MS/MS) X A% it H IRIOPE s Y /K - FIZHL BRUARFAEIEAT T 5K
WENTR, KR HOPEs EKE (YOPEs) A487.3ng/g (T-E, dw), DF KT HEFEIIRY Y OPEs
(1691.6 ng/g dw). Tris(2-chloroisopropyl) phosphate (TCIPP). triphenyl phosphate (TPhP)#ltris(2-chloroethyl)
phosphate (TCEP) &K 1 [TA A &% 32 ZLFJOPEERAR, 735l 5 Y OPEsHI55.7% 26.2%#19.8% (FE1); i+
JUBRY) R TPhP. TCIPP. trimethyl phosphate (TMP)AITCEP N % 3= Z JOPE#.44, 43 # 5 Y OPEs(]46.0%-
33.3%- 12.6%AM5.2% (K1), —J7ii, VK)IAEFETUR T A OPE {4 LS UL = Fh 5 K RALOPEs th 7 T B4
IG5, RIKER B R AL SR AL AR P AP TR H OPEs I WK A28 B 24520 . 53— J71Hl, #4RALOPEs
FEICARDK NGTRR b 5 5, T 75 B R B OPESFE LGV EDIAR I 5 153 (B, 858 ZFIREKFI
HZES, R IURYI T OPEs B AR H)V5 Gkl oy 73 M4l R TR E DAY IR OPEs [A) i 52
FCEE B AL . VKR DS 3 i) NG ) 45 P R O FE R SEmR . BT OPEs HAT 2 Mg fl 1 FH A g X
R DRSS QeI v B U, S S T N B N SRV OPES 7E {2t 3 X VS 78 8 A2 285 XU o

R AHUBEIREE; Al RN HRAETTRYD; 15 dekiR

SEHR:

1. C. Rauert, J. K. Schuster, A. Eng, T. Harner, Environ. Sci. Technol., 2018, 52 (5), 2777-2789.

2.]. Fu, K. Fu, K. Gao, H. Li, Q. Xue, Y. Chen, L. Wang, J. Shi, J. J. Fu, Q. Zhang, A. Zhang, G. Jiang, J. Hazard.
Mater., 2020, 396, 122742.

3. A. Salamova, M. H. Hermanson, R. A. Hites, Environ. Sci. Technol., 2014, 48 (11), 6133-6140.
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Email: jjfu@rcees.ac.cn



mailto:jjfu@rcees.ac.cn

104

WA FHBCEEE IR EERLERE. RRASREMBEIASE

SRR A

Jathg 123, g2 BRE 2, 2R 2
1. FEFRFEEBE Y B i 2 S0 5, o E R B B T, KT L
457 5, LT KIE 116023
2. P A SR R e S TR b, ERF B ORI ER ST, R T L
457 5, LT KIE 116023
3. PEBEER RS, LT ERE 19 5, JEa 100049

AR B REE N — PR AR, BRI R IBITE L, TR R
AL eI ™ B A 1, B, ERMNIAS PR A S RE T A G EE R L. KR
IR AR R R PR E: —J7 T, SRR HAR 2 18 T7K 2, ARSI BRK 712
(4N Nafion E WK Toiznd H T2/, I B EA R RGBS 0-100%; 53 —77
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HTaEREAT RIS AR T T

FARH Y, mARss T
1. BRPARHE R B SAEY TR 710021 747% hE
2. KPR 250 FR 5 430072 HaX 1 E

SWATH & 55 i FH (¥ —Fh AR A R A (DIA)BUB R F 0 BT BOR AT v id iR AR 31
AARERBE TR TR ER, S 'l B IR BRI ). B2,
DIA 73 Wt BT BA R i HOXERE T MG B FRDVRUBT 20 ek b e S 20 1 A 245 B
T SR AT s 1 AR 2 T SCHA I R BED IR o v B A B A 7 12 B B v RAUEE,
KBRS i AR SR P B T (B i P, OB i Rk, B AT 2 B2 (Y AR A e B B
T =ZpE I, AmERt e AR R R I TEE . RAFINILD T4,

R DIA B M 712K SR I LT IC [ SRS (5 4n: XCMS, MS-DIAL, mzMine
) L, X RS E AP 5 AR ) RS 1 i I I R i AR 2, ek
PAZBFE TG R . FATRIUVR 2 9 BEARAR A RS ) 29 7 (g, ol T2 e 75 1400,
R R EIRZE . R, REZBYES FAEFRKEA GO B4, BT AR AR A
BEAER, O™ EE R, X IR T 8 22 (0 R ) B (i 04 X DLE R R 04 R DL AT
TSR, B, WERR B R AP AIRIE R 2R G RS IERRIE, b ZER A, K
U 2 AU A i i v 1) BE S T [N HH 0GR, TR TU G 7 VAN R AR U 16 1 & PR 0 FF . A
i, AU ZRY DU C 7 A5 20 B AN R A BE B (0 i B e br B S T HE ST
TETo ZHRIEAEAR, 2 PR HE 2 A AR FR v R A 3 AR HE 0 R DT P R
2,

1 DT DIAKE AT T VA RIS 8, FRATIH H 2 - il OR B A7 D0 (I DIAKHR e A
Jii% (CRB-SWATH) o HJFHUR: 7p 74— RV, iR E T
T T OR B AU, ATV PR AN BRI REAE, A A R R B T R 0 R U A B S
FRE . T CRB-SWATHICHLE R B A 4F 5k, DRIkl v R BB SR BRI s FEAR AR (<
400 cps) mlIEE R B AR 22 A ARRE ) B T i (it ARiNIE. HERIESE) o 4k, FREE
1) BRI 7R B 5 BT MR SRR T B ISR AT N . SRE AR B T T B T
REFERE —BREERAE N, A MFEMI ORI E], (E2AE— RV IR 26 AF N, AR
— AR LA TR AR AT AR R O B I 8] (RO ORE R FAG BRLLE,  BRATTRT DAAS 31 58 2 FZ 114
TR s RAESE, KIECRB-SWATH J7iAHE BUARSE [A] 3 1 0 % Pl (e 1k
B, HSHAR LR R R B . fea, CRB-SWATHR AR EARSL 4 Q2011
ISR AT ORI, IR EHIR T LTI B . T b R AT O Rk 1 AR A
AR 737 LA AE, RIS TRATTAT AR (il R B AT xR A 7 TR 6.
T 7 A SRR S H A S PR BV E S AT O, PRIAR e (il DR B AT AL 22 2RI
THE R REAE 22 R5 R AREE R 235 M v AT ER R 2 F A (L
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ARBTG5 YA B K FP AT IR B R 2 TN B 5T ) € ST DAl LR an Pt L 2R
AR AEU A EAER 2 XEE, 78 pgL! KV LRIN KRS Po f1 Hg #0Fp, FHdkT
ZIRILSIN T REATGERERIEE A L Nt A G I 7 2 [ AR 2 IS & e ROR
FH B TSR B A 25 B PR B VL (SPE-HPLC-ICP-MS) JF & T 7K Hh 8 IR B AR (14 (7] i
BHEMIEE M. £ 0-1 M 4-15 78NSl 5 mM L& (Cys) pH 2.5, £ 14
BN EIAN 5 mM Cys + 0.5 mM P T RS RSB (pH 2.5) fEZBBEEVEHARET T,
Pb(I). =H 4 (TML). — %4 (TEL). Hg(Il). HHK (MeHg) fl1Z%5K (EtHg)n7E
11 73BN B . K 10 mL FEKAE P A NUR Y BRI AE 1 em Cis &AM L, 24
A 10 mL 1 mM 2-355i2% ZRFLL 10 mL min™ BEATTRACRE,  BEJSWSHARTE 9 R GEI H =
Ja BRI B HE N . % T7E3R18 T s S (Pb(I) 4 459, TML A 1248, TEL N
1627, Hg(I) 4 2485, MeHg A 1984, EtHg A 1866), B RIFHAHNIRERZ (<5%),
PSR AR IIER (0.001-0.011 ng L) Al MR (0.004-0.036 ng Lo %7595 K47 1R
PETR 2] 7K ST (GBWO08601) FI/KH IR (GBWO08603) MR IAIERRHES) T LA K s [l
W (90-93%) HISGUE. 127715 SRR T2 Hrimlif s 1A E SRZK MR ZK BL R 4 KR
SRR RREEAIR . fE PERER 9 ANKFEHAEINE] T 13-68 ng L' 9 Pb(IDAT 21-49 ng
L' f) Hg(Il), 1fiAAME TML. TEL 1 MeHg, {XAE—ANAZKEE AT E R AR S A Al
F| 2-5ng L' ) EtHg.
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PREPARATION AND UNCERTAINTY EVALUATION OF NCRM:

SULFADIAZINE SOLUTION IN METHANOL
Yin XU'?, WeiNan FANG'?, YanLi YANG'?, QingLong TONG'?, Lei ZHANG'?*

1. Alta Scientific Co., Ltd, Tianda S&T Park, Suite C6-301, 80 The Fourth Street, TEDA, Tianjin
300457, China.
2. Alta Institute of Reference Materials, Tianda S&T Park, Suite C5-405, 80 The Fourth Street,
TEDA, Tianjin 300457, China.

ABSTRACT: Sulfonamides are synthetic antimicrobial veterinary drugs. Testing of sulfonamide
residues in meat, milk, eggs, honey and other animal source consumables is essential to ensure the
food safety. There are up to 13 and 23 sulfonamides in GB methods of HPLC and LCMS/MS,
respectively. Sulfadiazine, one important member of sulfonamides, is included in all these GB
methods. Therefore, a CRM of sulfadiazine is urgently needed in the market. Herein, we report the
preparation and uncertainty evaluation of a national CRM - sulfadiazine solution in methanol.

The sulfadiazine solution in methanol was prepared by gravity-volumetric method using a NCRM
as raw material which was re-characterized by "THNMR, LCMS, etc. The analytical methodology
was thoroughly investigated on HPLC to guarantee complete chromatographic separation and
accurate quantification. The quantified concentration is 100pug/mL. Homogeneity, long-term and
short-term stability research were performed following national standards!'2l. Univariate Anova
was used to analyze the homogeneity results, and the F value is 1.64, which is less than the critical
value of Fo s (14,30) 2.04. There is no significant difference between inside-unit and between-unit
homogeneity. Stability testing results reveal that there is no unidirectional degradation trend.

KEY WORDS: Sulfadiazine;, NCRM; Uncertainty Evaluation; Stability; Homogeneity
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STUDIES ON THE SYNTHESIS OF METHENOLONE-Ds

Shuang QIN', Shilei HAN" 2, Lei ZHANG'?>*
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300457, China.
2. Alta Institute of Reference Materials, Tianda S&T Park, Suite C5-405, 80 The Fourth Street,
TEDA, Tianjin 300457, China.

ABSTRACT: Stable isotope internal standard reagent combined with isotope dilution mass
spectrometry can offer a feasible method with accuracy and precision for the detection of
Methenolone. Stable isotope labeling Methenolone was synthesized directly from Natural
abundance Methenolone via hydrogen-deuterium exchange with high purity and good isotopic
abundance. The novel synthetic route has the advantages of short route, easy operation, mild
conditions. The deuterium-labeled product was confirmed by nuclear magnetic resonance (1H NMR)
and mass spectrometry (ESI-MS) characterization, which can be used as MS internal standards in
the field of dope detection.

KEY WORDS: Isotope Dilution Mass Spectrometry (IDMS); internal standard reagent;
Methenolone-D6; Hydrogen-Deuterium exchange
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ARG . G5 REH, WL, AV S T2 ERENREE AR WEALRE (Ui
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1 [ GCE 2k R AR SE 0 % (e RMboR ), 2 RO AR A 3 8 7 i o B 22 4 XUy Pl 52
K (PO, 3 ol s b it 1K 430070

VER—F AL SR THE VR, & 92 (FTOH), JUH 2 8:2 FTOH, J&RiH
R FC BT 2 0. EAEIREE P M R . R T R SRR DL R R N R R AR
R, GRS T NI LRSS R R AE O XU (1) )2 6 . AW Fi4RiE 8:2 FTOH [ # i 5 H
RAE, HARWF B 5 BGERKMEEER, WK T 8:2 FTOH AV 2- &1
YER . PRI T f# 8:2 FTOH AR AR FE AR G it R 0T 4 T VPAS AR AR ANk N I AR &
FRHMAEEA A T BB E . SYERIUE AN 8:2 FTOH M FEi&4E, &
BYER N 2 B B K ST « A U B AR AL 8:2 FTOH Je HAR =4 0 A € 3% - HR BBk
JRRE 75, DRACIRNIEFONG ORI 9 1 14 22 P (R RORE R IR B L 9% & B (] DA &% 8:2 FTOH ¥k
%, Xt 8:2 FTOH 7EME RS L (AR FEEAT e . Jfidit CYP450 B FNEYI D 2 5
8:2 FTOH AR FHKCH CYPA450 filg . MARINER I # FE i — P )18 8:2 FTOH fEME NG _F 1A
U225 . FFPAl 8:2 FTOH MIFRARTE B3 1% . &tifl, 8:2 FTOH M HARU = Hi i AH
o 1 5 I B RS v R R S AR E N R EE AT 5 mmol/L ZER%:, B YRR N 300°C. 1L
ApEd B 5 B TLES)fE, RAME P, 2B AT il A . g5 R SR
ZIT R SR R B BT, FEFIS ORI 8:2 FTOH A3 8 Fh AR =4 iy e 2B AN
BARIFMEMIER R, 8:2 FTOH KH 8 PRl =41 & ERJEHEE 0.3-5 ng/L. 8:2 FTOH
TERE RIS OREAA P 1 LA 45 S 7R, 8:2 FTOH 7EXS /R AR sE bR, Kse i, [F
X B ) T A B A 7:3 FOREEER (7:3 FTCA) AN A® E#R (PFOA) M4 @R
(PFHpA) & H KRB M AR/ . FE N EM R . SIRFIR, 7EX957 5 1 & B i Aol 21 4
TR (PFNA), IXTEM EEARME]. X &k 8:2 FTOH 7E 5 MRS IR N 45 % AN [F] 4R g
1. CYP450 B FIRIe R I 7 H FEAWIEI 2 7. BN EEN CYPIA 25 8:2
FTOH A A2, mixS A&y l2 CYP2C. B iEid 8:2 FTOH 744 FIXS A N ¥ 3 i 3l /1 %
28], KIKFEH Km % /NF Km ). FIHREIN 8:2 FTOH TEME FIXS Ak A AR 2 [ 22
TR A 5 5 )= BB E M AR S8 AR FTEE S 8:2 FTOH K 4
8 F A =W VBT AT I 7 ¥ LA B RS TIOR8 15 14 &2 T FH T 8:2 FTOH 1) EL At AR A 75
FEEE R R EREML . FrR L. KR RS . AT — IR MRS T
8:2 FTOH 7E & fZWia Ay FIARE 2= 5. JFRILT 8:2 FTOH TEREFING b ARIAA7EAR
R T, A DS AR 22 5 o Hrp RIS 1K) 22 53 R e AL 2 520 8:2
FTOH 7EXE ARG AR ERIE () = E IR R . X 8:2 FTOH 7E45 ARG b b a8 1A 1 22 57 DL A%
AP UL 7R oEmE, R 9 N B i 2 4 RS PR B A iR Ak s
REA: 8:2 FTOH; J&; 9; HLHEARM; CYP450 il
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Mass spectrometry imaging-based multi-modal technique: The

powerful analysis strategy for environmental toxicology
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1 Institute of Biomedical and Health Engineering, Shenzhen Institute of Advanced Technology,
Chinese Academy of Sciences, Shenzhen, China
2 State Key Laboratory of Environmental and Biological Analysis, Department of Chemistry,
Hong Kong Baptist University, Hong Kong SAR, China
3 National Institute for Data Science in Health and Medicine, Department of Electronic Science,

Xiamen University, Xiamen, China

ABSTRACT: A majority of the biological and chemical imaging techniques depend on “inherent
properties” to visualize the target compounds and their interactions from different forms of samples.
However, no single technique to date is capable of capturing the overall chemical and biological
information simultaneously from complex biological processes. Multi-modal strategy, which
intends to overcome the limitation of individual technique and to acquire more “hidden” information,
provides a fresh and valuable perspective on investigating the biological processes with higher
spatial or spectral resolutions. Therefore, comprehensive methodologies with two or more analytical
techniques display a great attraction. By integrating mass spectrometry imaging (MSI) and others
multiplex analytical techniques, MSI-based multi-modal technique is able to help us clarity the
metabolic pathway of environmental pollutants, as well as disease progress.

KEY WORDS: Mass spectrometry imaging; Tumor heterogeneity; Environmental toxicology.
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Structural Information

Fig.1. Take a typical mouse fetus imaging for example to clarify the characteristics of MSI-based

multi-modal technique
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N ICP-MS/MS Uk 2Bk I BRI R AR 40 AR

B K
1L 2Z5e R ChED BRAF, JE5, 100102

28 &l (microplastics, MPs) & —Fh iz Lo -4 SV E AR e, T HAAE T %K
sy KA BRI ARk, M SIS 7o H A RE 3 XS (1) 56U . 185 9
IR RSHEFIE 1 HOKE 5 K208, (BT 1 HeK g R K BEAA 7. A 1 E RS
TR RS 77, XA 10 K DU AR AR BOR Pk . BRI P B 5 5
B PR (single particle ICP-MS, spICP-MS)JZ:i/T S 4E 4k 3 Fl ) 5 B0 M7 & 4 J@ 4K ks
YIRiAE, BT ICP-MS & 7] LUtk T2 1), PRI spICP-MS V2 Il 28 L R0k H i ik
T, FRTE R, MMIFEREER. GRS RER AR A TTAT .

ASCRE T MH ICP-MS/MS it spICP-MS £ 5E &7 M54l /K (artificial sea water,
ASW)H R 2 M (polystyrene, PS)HUIERL. IR v 4THE, DL SE 853 B H A BRIk
BT VP45 SRR, BRI 1) ASW s f- k42 0.8 ek, 1.0 ek, 1.8
WOK, 35K, 5 GICKIK PS R RHRTRL AT AR A NS, I H. PS Tl RERORL R A AR H, ke
MENF) C TTRMSEEEHERR. HE ASW BEEFFES 0 H b ERE 56 Bam s
R, PR E5E B £ 8 /KRB R, DAORIE/ANRIAS I G RLRORE o] DL R il 21 T
WEARTR C SERG, SAERERN C Jum AR T, G BB R A R
BN IRA —E BIAREE . IUA &5 SRR %56 v DRI ASW . HH R S RLASURE (1) 55 35 Bk Ak
KA, (AT R E R 2 C TRME R TIEMER. 45t — P IRE
R ICP-MS/MS ATl FERSE . TESR. M4 5T A R AL AR R S R A% 7 AT

RERE: WOREL, gBEL, ICP-MS/MS, SERERERIAE, K21

Email: shuo-fei.dong@agilent.com, Tel.: +86 010-64397684
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IRABHE LR BRI T MMERBR R T RE%

2 BT 5

PRI f i BN 2 A5 A e DRV (R T o T P 85 M 00 P 8000 A A 5 A e (R e 2 AN
B, DMERIT KRB IAR R T EERES BN IR bR, K2 BB
TP NERAEANAE R, A MR R TN LR “BIARI [
T, BAFRBA R ET RS, DERIlm A B A KB R . [, K
TR ARSI = H B T7 R %
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N AR AR LTS G K il o Bk FH BRI AR 2

AW 0, RIS, W
Lo AEATHEGE X R JE R B 15
2. JEHCVEIRIX L% B % 55 5

DL RS (DDT) ARE A WL 2 (0CPs) & N . e i R I A A HL
155 (POPs) , 2 SR s AR RE A A ML 444 (HPOPs) « R 2RO 22 FABR A DDT
% 0CPs MU+Z 4, {H 0CPs MEAME DA A &I AE A BHIEFAE FH ) HPOPs 7= iy AN T HE
BT, AJEHISE DDT 55 HPOPs BB 7T MoRAF b, WS BB A FE R i . i 7838 — J7 i
Ji& HPOPs [ F 205, — 5 A . WO, SRR FREE T HPOPs AR, BB /K P AT 3%
1, (HER IR0 BB A HPOPs 76 AN PR MRS 1) fa 5 fs2mm, BE HPOPs 75 A\ & R
KV RHE 75 1 2 i XSS o T LA B AR Z2 (i T, 85 € BT 1 6 FH 20 BT HoR S ek Je 3 AN m]
gy e ASKGEE G VMEREETE TAE, DL DDT SRR OCPs 7E 138, BRSEF/K AR B ot o7 ik
WFFAVIN S, B iEd KR . R  FAh S HPOPs [ 2 A el &5 B Ak
H1 HPOPs It 20 4F5% FA PRI TR B A IIF A 45 5, A HEREE A A& HPOPs [13RJE . Ak
FRIFEE AR D R €33 I T B P e AR MR DURRAT B8 B = B DURRAT « 1 4 R 0 AR AT I
[T R R . BATHEF AR D Ak HPOPs BEFUKEAIER R XK, DAL E R
o, BEFLH SO A HPOPs [ 1 Ay BB B 2%, %% Fh HPOPs ik B2 S AH ) HPOPs #EAN [F]
AR ZEFRER: 2) R R 5 HE & AR HPOPs 1 A& 3) RERF HPOPs
S EEE HEELE WHO 1 FAO M UUE T, (HEZEATEN 20 HPOPs & & 51 R N 55 XUK:
SEAERTA; 4D v R AN R 4 R R P AR R AN A PS5 R  H HPOPs sk
. W EE R BN EE TR, 5) NIHEE N AEYIRE S HPOPs ¥R BEARAE 2> BT 77 i AN
7 % AU (R VPN 7925

RG] AR HPOPs; Jiiil; HREARHE

ZE R

1. S.L.Song, X.D.Ma, L. Tong, Q. Tian, Y. Huang, S.Q. Yin and H.B. Sun, Environ. Monit. Assess.,
2013,185:7225-7229.

2. S.L.Song, X.D.Ma, CJ. Li, Anal. Lett., 2007, 40: 183-197.

3. M.Pan,X.D.Ma, S.L. Song, J.X. Zhang , C. Liu & X.C. Guo, Anal. Lett.,2014,47:13, 2173-
2182.

4. P.P. Zhou, Y.N. Wu, S.A. Yin, J.G. Li, Y.F. Zhao, L. Zhang, H.J. Chen, Y.P. Liu, X. Yang, X.W.
Li, Environ. Pollut. 2011, 159:524-531.
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] 7 R A X T SR A N BB PR AR R E R A A

Kb 2 ppE2, HigRAE 2
1. B S 57 S8 M 0y
2. Hp I Hb SR B VA b R T A B
RIE SR L G A E S RO RN BB R AR NES RS, € OREE HRAEE)
A A s DL R AR Ay o TR IR 1 S R0 TR R e TR IR R I R R AR S R R,
I HBER A TS S0 SO AR S 851, A AR SEUEY S A, BT R R A
BRI REM . HATADHE G AR5 RO AT R RE RN b, (EX T A5 S XY
T N e B PR B ML I AR AR /D o A E I R [ B 2 v X A AR M AR £ R A
FXT R, KT EE X AR S XA R G R (Het) . MRBrt AL 25, o
B, TRUF Ca 7ET: FAEY A N PR IR I AR LA & N2 #T
w1 R, B ERIAEXRE TSRS S R AR X RE LIRS S8, 2k
FIEX KRB LI SRR 2.5 5, HICEIRGEARRT, [FIR A XN AEE ¥ X A7 AR AR B 45
TEMRTIERA LSS E, T HEPHOHMESE RS, FE&ELY HoR T ML
FE AR IR AR L AR TR, —BEY S R MR SR T R AERPRE RIS, TR
BRI R IAFE T HEEYN Ca §EISR, wIREE T RN Rk me /1, SUEAERRR
AR BR ) Ca TR RE IR T AR bR 48 Ca MIWRIRAE f1. (EEERRTS S, 555
M B ERAR KA > ZES RSB0, Hoh P2 0 855 & 11348-40677ug/g, HRHE SCHR A B
AR R B A RE A > 1120 mg/kg (bRE, SRR TRESMEY), & TEASBXAELK,
M b3 Ca MR BB T R &R, U9 Ca Bosmftm LA, XBMWR KA
W7 A A 33 A, RS AEAE TR B 2Ry, AR EE . WA RN Ca A4
WA SR B B O BRI I SRR B, wld e e vk S 7 U EE

[ Jnon-karst topsoil
| non-ka izosphere soil 50000 4
12000 [ Jka
< B karst rhizosphe e
10000 4
1.2
1.5 /
8000 +4 m / \ "'
20 A !
= 60004 [ ‘
oo [ l ] e i
= 10000 o
2000 4
=
2.5 % /
0 K\M‘ = =
T T T T & £ &
oY & o N &S O & &
g e P P & & & &
¥ P A =4 R &
s A

K1 CafEMRPrt RIEL. R 2 o RAMFHF A
R B, TR, HW.

EEPE N

[1] Daoxian Y. On the Karst Ecosystem[J].Acta Geologica Sinica - English Edition,2001,
75(3):336-338.
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HA A AL A 1) 28 K R F7F 5T

i

1 BB ImE K2z Hrlli ey, JEst 100875, H[E

AR T DURE S T BB TR A Bl AT R AR, (E AR YR TR T 5 S IR . A LI
B 7 S AR R R sgma ), HAE— @ MR %A, ARV A fe ik B s L A 1
W, B e AR A ) e A A 9 5 AR R O AT B R 1] 2

ATAERR «“—8E JEALILTTERIED), Rk = (AmpC) AIE & 45 9Kk

(PBNPs) [FINf #1223 ZIF-8 @A HVAHEL KL (MOFs) w1, il T —Fh BEA LM
BB AmpC/PB @ZIF-8 MOFs (APZ) AW KL, TR Sk il i 22t R i
PO BEAR o AZATARL P () G L W K R AE S 2T A G R R R, AT DA PR i S v A 28 P U P B
WM EIRIETHR 37 Chita, M RMEHE & 1 Sk =B i e A e, e T 7 Hoxt 4t
ERIIBEARSCR . RN, APZ M BHENR IR 2T Gl AF pH EER AYLIER
AEGHEIRD B Rarritesett, FH 7T DR FRIH .

K FH RS T B R S SL T S PR B R 2R PR R R Ay, TR VA T
APZ PARIAT Sk B =R PTAE R IR MERE . DSkIIRRE (CXMD 1ENFEBIRY), APZ L
MEMEIRZLAME R TR 1Th PIXT CXM [ FERRCETTIE 96%; S5AINEIE APZ #4 K} Filli
BIEEANEL, PEMRRCR Y BIPRT T 40 16%A1 33%, &M RS BIEETH T 1.5 Al 3.0 f%. FIHZ
AT RE XA RS B 2 AT T AL PR, 45 SR o iz A B B A 1356 B = A
s e, HARACSK AR 2= N R AR 22 7

R ERTR, AR TTARSRAL 7 —Mral A7 (0 [F 2 i e AR e AT AL iE 1 0 7 0, MRl
TEACAA R SEIL T S PR P W Y i, e — 2 X AT PB (1 [ s A 0t 32 s 1 A R 5 IR
ISR AT RI AT B RS 2005, e TR AR R R R T (A SRR SR IS, AT
T T B T o ZE AR AT PR AR Z AT R 25 B, HA TR R SR NF A
18,

R VR E ERAPIE MR SERN B JUAE R

S 300

1. Yang, L. N.; Hu, D. H; Liu, H. L.; Wang, X. F,; Liu, Y.; Xia, Q. S.; Deng, S. M.; Hao, Y.; Jin,
Y. H.; Xie, M. X. Biodegradation pathway of penicillins by B-lactamase encapsulated in metal-
organic frameworks. J. Hazard. Mater. 2021, 414, 125549.

2. Liang, S.; Wu, X. L.; Xiong, J.; Zong, M. H.; Lou, W. Y. Metal-organic frameworks as novel
matrices for efficient enzyme immobilization: An update review. Coordin. Chem. Rev. 2020,
406, 213149.

3. Chen, G. S.; Kou, X. X.; Huang, S. M.; Tong, L. J.; Shen, Y. J.; Zhu, W. S.; Zhu, F.; Ouyang, G.
F. Modulating the Biofunctionality of Metal-Organic-Framework-Encapsulated Enzymes
through Controllable Embedding Patterns. Angew. Chem. Int. Edit. 2020, 59 (7), 2867-2874.
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[ A AR B AR P - DU AR AT/ "KAT B 8] B WA DO R Y A R A K
121 PR 255

AP, WEIAS S, M, RMR S, B, EXETT, BRES, BE"
L. PERIEAZERE TR, R IR R ER S 115, 100176
2. BT RESF A RA R, BRITAEFFFFM IR w AR ERFERT, 164800
3. TSR (P ED ARAF, JbaiisiH X B ki 3 45, 100102

THEE: T ARG &S RS- DU/ AT SRR, 3L T — PR i 25 45 41K
FAZK R 121 R 2558 B 100 B 7k . A SCEE S50t pH B . ZEBUREIR LV EREAFR . SRR
T AN A AN S T AL BR SHOIAT T AL, BB T AR R K R AR 255K B i AL FE R A 2%
24: pH=5 1] 250 mL IR FH/KZ HLB [EAHAE U (CFHBEED E4E, F 10 mL & HF ke H
BE (1:1, v/v) BHATHENL . AR RIEERAERMG T ESE, AREIET, | ol L OFREH
Je, FAAHETE-DUMAT /AT )BT o« %750 1.25-125 wg/L Yol N gt ok
RRAF, 121 Rl 250 A PR AN & B IR ITE 0. 005-0. 05 ng/L yuFE M. 78 1 5. 2 5515 %
LOQ =ANKF R AT B IR E,  [RISCRAE 60—120%6 FEl N IR 2543 74 1104 109 F1 120
Bl AT R AR bRy (i 22 Y 1E 20% L0 R o G5 RE I, 2ok, fie, BaR&Em
TR EEFN RABURE, 3 T WA R K Hb 22 P gk 24 B 1R XSS Ml o K127 32 8 T 52 e 37
PRAEM 11 AN KRE S A 25 5R RE TR A, SR R IAR 2% H

SRgaE] UM T/ DU AT IS TR BT s W0 RIK: A ZEEL, R 25

ZHE R

1. M. Shamsipur, N. Yazdanfar, M. Ghambarian, Food chem., 2016, 204, 289-297.

X.Y. Xu,J. Q. Ye, J. Nie, Z. G. Li and M. R. Lee, Anal. Methods., 2015, 7, 1194-1199.

P. Gago-Ferrero, A. A. Bletsou, D. E. Damalas, R. Aalizadeh, N. A. Alygizakis, H. P. Singer
and N. S. Thomaidis, J. Hazard. Mater., 2020, 387, 121712.

2.
3.
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FT GC-MS FEEAR B H Z 3 F 2 =R B IR
o 35 S A W P ST A e R ke ) R

BN, GEE L, B, BERY, MEET
L AW ARAT AR 2 i T R 2 A PRI IR T 1 B A SRR =, R, 3001915 Al R A A%
RyRMF I AT, R, 300191
2. ZIE R AR AR, db5, 100102

OB MR BT A A AR 7= i A AT R n, A E SR R A ik B
SN - S A ) S A B P R ST AT S AT RS VA 1 b R AR 7 AR
TR R 0 = S DU AT ER 105 1 443 FARE 5 1 A B 1 A QA L 2 X SR A (R AR I A 85
PBSEAT VAL, JE I - 3 5% R AW S LA R AR 4 J e B AR AR AL, B AN E
RICAR H LSV A MR ST ARG PRI N o 5 SRR, A B HL Rl i 4 2 2 2 25 0
A2 T AR S AR R AR, JFRIL MR SR B 22 7 . PLS-DA FRL B R
HASTFHEhI L 535 0 8, AR 2R, 35— (+) —XF AR SN e 4> 2S, 3R- () —XF AR
£ PLS-DA MY (VIP >1) fifiife i) & 2 2 AU E BN TANUR, EHEIR, MK,
WER4E. 45 KEGG AUMHERE T, 6 4R USRS BAR vk AR, A
AT A G B IR, FRRREM G, H e, A WeH IAQs . mpm:
T RN SR WA A 2 SRR PR RO . ST IR AR AR 7 T Y B
S AR A R A W] DL R R T = I SRR 24 G i S A P e R P A A KU £
BB R AL A -

REEW: GC-MS ARG A, STk RerE: TIRGUEY): LA

23R -

1. Kaziem, A. E.; Gao, B.; Li, L.; Zhang, Z.; He, Z.; Wen, Y.; Wang, M.-h., Enantioselective
bioactivity, toxicity, and degradation in different environmental mediums of chiral fungicide
epoxiconazole. J. Hazard. Mater. 2020, 386, 121951.

2. Xu, C; Lin, X.; Yin, S.; Zhao, L.; Liu, Y.; Liu, K; Li, F.; Yang, F.; Liu, W., Enantioselectivity
in biotransformation and bioaccumulation processes of typical chiral contaminants. Environ. Pollut.
2018, 243, 1274-1286.
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BOAE - TUARAT RAT B TR SR PRI S B e B 173 PR 255 B

AYUE ', SN Y, BRSO WEA L RMER, BER, Mg
L. P EEAZERER AR, RIS AER M 11 %5, 1001765
2. b EAME R NAHCE R AR, LR HIREZIETEE 16 5, 100176;
3. TSR (P ED ARAF, JbatiisibH X E ki 345, 100102

WEE. WA - PUZEAT KATHT AR S (LC-QTOF/MS) 57 T R 173 Fhfe 25 bk
TR AR, WAFEME 1% (v/v) LIRCIEERIRI, TR e, Carbon/NH.if{k, R
FH LC-QTOF/MS 7£ M B4 5+ 2 it (A1l Tons MS/MS) i EME FHEATR M. &+
S P 7 25 B A0 A B 1) B8 N EOE B 5, SRR A5 43 DA R U = B S5 S 80T T e A
I, B AHfE T X RS AT T M B AL TR A S0 [FIRS, N FZ 7 Ve 2
JRH 173 P ) VRN | TEFH S BT T %% G598, 167 Pk 245100 2 BRI 2
RFR > AIFE 1-5 ng/kg Al 1-10 Hg/kg Y P, A 6 Pk &4 107 £ PR AN E IR 4 BIFE 10—
25 Hg/kg 1 20-50 Hg/kg JEFE . XK A EGEN IR ETER N LR RRIF. =4
RPN EISEES: (n=5) S5 EIR, =ANWINK 454 151, 168 Al 165 Fhk 24111
P ETUSCRAE 70~ 120%3 BBl N, AH X AR 1 i 22 35175 20% AP o B AR ST ST 1A 0% 25 7328 F 1 2020
SRR H U K R R S P AR 255K B AN A /1 96AE (FEUPT-FV22), #ERATH At T 44U A
FES RN, i H e Eg R e, RUFASCHTELN LC-QTOF/MS i & 7 A e 7T
FE, IEF T BRSO KSR A 25 B DRk 07 A AN AL R E &

BRI WAH B - DU RATIS RIS TRy RZGEREH; VEAL BREREJI5E

ZE R

1. L.Rajski, M. J. Martinez-Bueno, C. Ferrer and A. R. Fernandez-Alba, Trac. Trend Anal. Chem.,
2019, 118, 587-596.

2. J. Wang, W. Chow, J. W. Wong, D. Leung, J. Chang and M. Li, Anal. Bioanal. Chem., 2019,
411, 1421-1431.

3. F. Wang, S. Li, H. Feng, Y. Yang, B. Xiao and D. Chen, Food Chem., 2019, 275, 530-538.
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ETHOLRM-ABRBR SR TR SAK D RAHRE . HmRK
BT

R L ERRHE 2, TRbkEE 1, FR !
1. FEEEARE LN PR, LT R X ES A 2019 5, 201800
2. N RZERUS B2 S 2E R, RN T M Tk e X A= %2 4% 199 5, 215127

BRIV R 1 7 P Bl A A PR AR U T R, R DA SR — BB T
BERVR T A AR TE T BRI o FERFERTEOU T, RO PETCEEL L Bt B3R 5T
IR AR T HATY WA, W REE I S s E R T SR b, AR
B R e A fE FH U i HAL SR AU PR, S EL . B AR n] RE 2 3 IO\ E
RS HAT, WP EL SEEENLS] 1 Rl HAEH ZUE Y N AR 0 A A 1o AN 08 B 1
WEREAI AT S, R X EAE S B IR BT BRI, TR iIfEd
2P B o AR AR P 2B S L

BT, AW TR IO - HURRE & 45 B TR BTIE BOR (LA-ICP-MS) %/ B 21
Uk Moo mR . EeRi L. R R IER 2N AN, i 3 /bR, HUh
B B LAV R D) ARG I 3B B, AR5 K LA-ICP-MS AT Ju R Mg /0. ASK
6K T B ) 45 AR VL B SR 36 = 2B e, W B IR S B SGHAT 1 R PR AN SIERALE
Best, N TR RETT R SR, SEOCRIM AT 7. SE R R, AL SER
SEAER A LA-ICP-MS PAHIIE 225 W) 5 9 K e S /0 B E Hh B E Al 10 7 B A1
BEANGNLE /N BB RN B 0 A ANEI ), BEANERAE BB XU i TR X o b4k, JATIE K
B, NEERENIS. B BRI AT

JHEH: LA-ICP-MS, %, 4, suEME, ANREN

SR

1. Pourcelot L., Masson O., Renaud P.,et al. Journal of Environmental Radioactivity, 2015, 141:1-7.

2. Kubalek D., Sersa G., Strok M., et al. Journal of Environmental Radioactivity, 2016, 155-156:97-104.
3. Méndez-Garcia, Carmen Grisel, Romero-Guzman, et al. Journal of Radioanalytical and Nuclear
Chemistry, 2017, 314: 1767-1775.

JHR/EZIEFE: zhanglinjuan@sinap.ac.cn
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£ BB R BT ERRERRS B T A RRET
RAPFAERIS R RELNTR

Mg, FVRRCY, DR, KOOOR Y T, gKERE 2, KA
ISP s TR
2. FBIN KA S 2B s
RIS Rl =P s WA PRI M PR T W

KB — FH IR IR (PAES) FIA LUK 25(OCPs) 2 M85 - i A2 B IS A6, Wi 204 iR
AL A, W E S AR H SR B RS, K [ ek R R 2 S BULEE MR N
&, NI SRR, P A R E . BIRE ) PAEs Al OCPs (A6l A A 5 2
NN -SE

SR, MBI RS, AR SRR, KR R ity AT AL B AR AR PR IX — ] il
MISRHE . JEEER, SHIAPRHK A R oy IX — i A R T 320, 2 AR, FATIEBAR ST
WIRBIENE, % 7 — RIVPFREL . A MERRE m . ERIARR, ek s i DhREI L
AHUHEZATRE, 25 [ AR AR B B - 5 I (GC-MS/MS)BOR, Sl R AR A IS )
SRAFIEA NI AT . PSR 2 8, P RS TR PAEs 11
OCPs & A Hriccill () R I 535 - W TCEE RERW], Pt R R 95 A e VI R
WAEVESE, FEINETTS G A B AT R (KN R AT S

KA MAPRESE; BEARAERG BrPRERE, AR HRER; AR
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RATH B R T PM2.5 BHLSE R R B IR AR I 2
FARRER 12, WA 12, FRUIRE 12, XIMEE 120

VR ERE A SIS A TG, M S A SR R A s s, b,
100085; R EBlER K2, WIRSHEIZEE, JE5T, 100049

KATTRD 4k 25 R 43 e A WL 3 7T g 5 AR Z FhoBei A ¢, ST B 5 A BF 72
TS AN o B R B S e A /N — 38 00 o ISR 7 2 A6 R e i J2E 5 b R A S
AR HALEY ' H TR T AEEbR I 2 10— ROV E & R RS . MR IR RS
PM2. 5 A WL SIA IR R 1 22 S, 3T 00 FAEATRAE,  AHIF 78 R F AT 485 50K A R BR A
FEFUAAR PM2. 5 I ZEERN, RS S - DU CATH (R B BB (GC Q-TOF MS) Fl{d
B AR 4 B 1 [ AR R (FT-TICR MS) ™' St AR R PM2. 5 A1 A BV e 4y
BEATARREARTR AT . WE AR, SHERBERXTE, VDA RARE S IHEE 2 IR 55 4 Je 2k
LRTE AN

TEJR SR, A A AR B AR A BRI RAR, N ISR
(R FEREAR 7 A SR A B A T O BR 45, 3R R ToxCast HOdfE 2R X I A 1 o AT #5032 —
A5 St R AR 2 IR EERE S 1 2 AT 7 VR AT B AL o

SR MBI P BRI B

S 300

1. Hollender, J., et al., Nontarget Screening with High Resolution Mass Spectrometry in the
Environment: Ready to Go? Environ Sci Technol, 2017. 51(20): p. 11505-11512.

2. Lacalle-Bergeron, L., et al., Chromatography hyphenated to high resolution mass spectrometry
in untargeted metabolomics for investigation of food (bio)markers. TrAC Trends in Analytical
Chemistry, 2021. 135: p. 116161.

3. Li, C, et al., Identification of emerging organic pollutants from solid waste incinerations by
FT-ICR-MS and GC/Q-TOF-MS and their potential toxicities. J Hazard Mater, 2022. 428: p.
128220.

4. Xu, C., et al., Nontarget Screening of Polycyclic Aromatic Compounds in Atmospheric
Particulate Matter Using Ultrahigh Resolution Mass Spectrometry and Comprehensive Two-
Dimensional Gas Chromatography. Environ Sci Technol, 2021. 55(1): p. 109-119.
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R K s
(AT i
1. BEERZERGEREESTER, L, 200433

R R B SHOER s AR R, AT st fe . 5 RAR IR A BAE R .
ETR A RER (N S I DEER ¥ SIEZ2R SRy I Pl E R =9 @& G EIE A ST 2 SR SR E A N PR i
BN, GUORIERL R 5 o i AW BB AR AN R ZHZR 0] 547, LA 5 e (A0 4t R A 38 240 P R 2
U araett. AR, 200 nm KRR AT DU I 20 N 7SS AR R FEIE
a7 HENGAE, 50 nm (BB RHEURL i DR T4 i 5% 8 15 A B AR, Ak, K
El 2 T AR5 A0 S I 25 2 W B RORE TEUA 2 0 5 o W Bt 1 35 o () AS [RDRE A G oK B o 2
HAT R SOOI, BN R AR R I e () B E A BB AR . KBRS Byt 2
SEAEYHL T REBRAT RIS o B0, R P I ARR SRS 1 R 2 () K I 4534 FAT Dy 7
o —HWN, A HMIGOR IR 2 S i il bR 2 A, 7= AR 3 DU T ) R R 2
SO o YRR Yo A BRVE Bl N B 52 TR IR AR, AR IR T IR BRI AN, 125
NIEfERE A2 A UL R NRaris LR A RUR B ERE A B R . 401, Fiila
U5 B o AR A 2 A 72 BRI BR, IRAITE SR RIE UKL AR B R K
JARIBEL

R . T RIS HoAth VR R 45 A B CUN TR RS I o RS B
(Py/GC-MS) 15 0BAH (i -5 BE SR 16 F] (HPLC-MS/MS ) F 5 4l B S0\ i Wi/ b 38K AT
I A] BT 1% (MALDI-TOF-MS), ##N iR +# I B 152 (TD-PTR-MS) FH At 7774 A
FEMEAE BRI K. K PURRMIAK AR 221 rp OBk AN K SRR o 34885 v 1 3]
BRI R BN T b, SRR (PS). B K —HRZ il (PET) Al
EHENBRFE (PMMA) %, WEERFIARMNRICE Ing. 2810, TR REAT
B 251, AFA RSP AR T Re =R a] LRER I 7= b, 24 2 4l 2R
EYPPIERT, T BB G B R R AN, TR AR ARG T TR ) RS R &S G B
BT T B, XA AR NAE TR G — 25, DA ORAE S ok e/ o i Al
T 45 A AT USRS N SRR IR BT . B L Ab 2R R SIS 2T S B . AW
BT RGN IR 53 B BASIN T 15, 3k Y i 5 5 vtk 45 & 1 5 3R 18 7 KA e 48
G YURHIE .

KR WOBKL GURIBRL il BRI
SR
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GCMS FRNF RS FHREREEYRMN S HREZESE

RLAtEAE T, BEESE, A 8 ES, MRS

L BiddbEs ChED) ARAFRICI AR, AL #IH X #5165 9 E A KE;
2. BidbER ChED GRAF L AR, LRI X E I E 180 558 Kt

WE: HIREZEYR (Ozone Depleting Substances, fij #8 ODS) J& —JS RS 7 TR EHEN
FREMAREAEN KR EY. ODS FiRiRE, AiEAEHRE (CFCs). FEEHRE
(HCFCs). &&R & (HBFCs) PU&LR (CTC). FIEE; (TCA). IRAE F ki (BCMD.
M (Halon) Z5. S #IEZES4E (Fluorinated Greenhouse Gases, % F-GHGs) 85 FJ5
FIRESE, BREEAFEBIY) (HFCs). RMAY) (PFCs). 7NEAHE (SFe) =51k
% (NF3). ODS I F-GHGs #i&x%t N A IASE = A R, AT B A il AT
R, PR RS R D iR = RS SR . AR SCfS B GCMS-QP2020 NX AUAH (13
3R Vi FB A3 45 25 B - #1) vA FROKAR A UNITY-xr 2257 7 FREE45S % 16 A ODS Al 12 Fift F-
GHGs 43T 757k 2SR B T W EEE AL B AR A E T, 28 UNITY=xr BR7K-
B SR EEMPUME, N GCMS #4787, LU SIM Jr T REE, AMRiEE .
SRR 28 FMLEMIE 10 pmol/mol MIKRFE T, ESIEFE 7 K, &R RSD% N 0.72-
5.26%, {E 5~100 pmol/mol [1)¥JE I Bl N & MEAH G REII R T 0.995, FrthBRA 0.06-1.83
pmol/mol. AJjVkfEI B G #E. EEML. ML, AHEE2S+ ODS M F-GHGs [

T SR T AR SR

REE: GCMS KA TR A28 ODS  F-GHGs.
SR
1. BPHE, ke, B, Bk, RS, HWTS S5, 2022, 41, 398-404.

2. RN GEJRSHR, 2021, 43, 23-27.
3. ABMEEE. RSP IHERE EY RS FIRE AR F TN E ARG,
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7B TR S YRR - DU AR T 5 R 7 O B 1 B B VTR 0 TR AR P B R AL
PSR ERIE
XIkE SRR XIS ST AT

1. A MRS 5 A I T A 8 e 7 o e A S 35, UM, 310008

BB — K AT R P A 2, R RO R 5 T
FHITHE, BRI FHEC IR S T, AR SR IISE A R 2T b . W
Yy A S A RE RO £ i, BRISERT MR O 2 450 % R, YRt |
34 5000 At %o F TR AEHE AL M FE IR, CLbo B 5 (AR L 4 45,
FEATET, FATHE T B RO €38 DU BT P 9138 88 T B % (UPLC-Q-Exactive
orbitrap MS) #2377 In-silico Hif 5045 e H 90 1 W4 7 4/ S R 080 7 S AL 27 4%
I SR ER B RO S PR (PRI 1D, A TP IR AT S AR e SR e )
FAESE A 21 KW, MRS R R, I MR R I LT IR
P AT 453 S A P DL R B 5 4 RO S 4, SO 38 Bk 60 Fo
RN FAE TR AT R S0E T SRk

1248 T i 25 2 i AR I

KW Mk AAb: Fa R mik

AHIE A B B R B BHT LFE (CAAS-ASTIP-2020) FHE 5K [ 48Rl 25 4

(21775164)% )

SR
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T B RS2 B B B AN U B 1 0 iR

Britige, #hu
BRI R A 5 RO, T4, 510632

TEA BA R R S0, Blan, KRS580, IR, A58 F5E0
HMEE I, IR BRSO ST D R X S R R AL A A, HERA PN S R
5% Ak R 11 e 55 B R, AT ) 7 R S D SK i it o . A I3 70 A i 9 SR B v IR
HERAVELT B0 M ik TERTI AR, FRATRE T B2 R SR BT 1 ik, SEBLPA 5 {ek iR
PR S Hr[1-5]

FEARTAES, BATE— PRI T HTRANEDCRFE I TS AR, S0l T 78
R RET5EY . BIEY) . BIRAE B8 EWRERA RS S5,
HET o NTIERE, BERE RCRAER ), RAREHUREERE, FUERG IES . PR RER,
T NS BT 3 2 AR B SRS 5 R PRI R VA WL R I, 76 A Z2 TR L B 9%
P REERCI . AR SR BT ) R R A S

REE: AN EEEL B Adkee MR

ZERR:
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HPLC-ICPMS & L3/ Hr 8% B = 4%
ST, XK A
1R R SR IR A ], TR T 9 X B 6
2 o A A R O A IR A A I R AR 1 5

P2 Har B SIS R 7 E S % HI 1082-2019 ( HIEFNGTARA /S0 4% il 5
B VR I - K S IR IS o S e TR ) R BRAA- A S R TR IR I . R R FERY
Ko A2, FHAEHTH SN KRR TAE . Pk, APRE ST 1385 G RS A
FAEE TAE, 2@ M POEREHE MR vk RN, @ S 2 7S s Il el e =
BEE. SEEH HI 4912019 CREERIGURRY) 4. £, 8. 8. BIIDE KJAEFRIL
Ay IGREERY HEATIIGE . RS R A 0.1 mol/L BEFR A —H AR (pH £ 8.0) #4742,
Jefa RARER AT, o, IEEAN. BRI IKIESARIRR, Z2&80K
ARG S RS S8 TR PSR, JHKHE HY 168-2020 (PRSI 73 Hr J7 25 e
WHARFNY FERITERIE. S5RKW, THONEEAE 0.5~ 10pg/L 0 Bl A 2R A ¢ R ¥ =
0.999, HIEERIHER 0.05mg/kg, A UEFRPIINE S R FFEFRUEEZR, IAsEE 90~
110% (R IR=FHRE, n=7), FMHXIRHEMZE 7~8%. 5 HI 1082-2019 ALk, AWFFARER
NS RIETE SR T, BERE. RICCR S REVE S, EPMLT, EEH TR E
AN RS I A3Ar, WT R g e Y v BUR SRR “ IHE AT R .

X4 HPLC-ICPMS, -, A&, =Mk

SR
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HT LIRS IB RN BRPAKE T TRERKEHEH
ERREKIHERA

EE, Eg
iR 5 TSR, WHACRMERIR Y, Biuisg

JEHEAL 28 AN A —Fh AR A RS VSR T A 0TS iR BREOR , B8 R R B A A%
KA. LB ETERE, E8 M2 B BRI RN TR A 7R H
BACHHAE AT WG A B R RS HoR IR il T2 RS, SR PR A IR A4 1)
T EXT EACTHIEAT AR SRS J 9RO, & BCELA WL R IR G546 1) 22 Th e Ak e 0. 78 11 ik
VEKIRL (Bi@Co@CN) o AN K BT BA 71557 H B U ARG AN e 5 4 0, vl TR K
SH B EERE . 75 20 7380, 1A RHRETERTLRT W R = A K E TSR (ROS) Fil#kAg,
AT RREE 99.999% & (i Bk . LA, Bi@Co@CN & i H 5 i ) 25 Fa R e
HPUEBCRE T T MG IR Y630 125 K05 J5 AT Be 4E R U7 i 45 0 B o A b S 45 2R
R, IEMEEADCIFE AL AT DL E A IR AN R AR, S AR e AR R T, AT
HE WO EIRF IO BLAL, 1 DR N PEAL S5 Bs iR T4 5 D &4k
B ARSI NREER TGRS . Fk, Bi@Co@CN 1EN—F 2 & g Kbt FE 7
TEFE R AE DS G P I BB ), N IREE 2 AR T3 B B R F B

R BALHK, Jesh AR, HLEHL
27630

1. R.Wang, B.W. Zhang, Z. C. Liang, Y. X. He, Z. H. Wang, X. F. Ma, X. L. Yao,
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F T w0 7R VS O R B S FLA R AL AR R R T R ST

sk, BE

"BEFE RN R A S S TR SRR, BEPE Pi%e 710021

WE: BEEEN MRE@EBUORIN, &5 EAR. AR, EERNMEEFRREEFND
05 1 LAV Bl B 4 s AR5 10 2 B . AW T T A (M B LA EOR, BB T AL ARG
KW S -8R R e, AEARHE S AT 2% S AN 5 S T T 22 5, DURR R R 3L
Vo Is s AU B A AL o 78 3 LA SR BT, %2 0E 1298 M) 5 488 FIR 707
et R RAEME R E, RIS GBS BEAREUARGL. BEAR Nt L 0r
JEAN CRE R AR BT CHh B A H M =80 2 A AR 5 oK 7 S B R
SERE LR, HEWEo R, 20 7 R0 RIS . B BT AR L o SR A
B, @R BRSPS B ACS . —ORIRIEIF A S e BRI R AR WA kAT
RGURTT, B9 T OREEE LRI, R T R RS . W TS RO A LA BB IR
b B A ROR AR B TR AKE, IR E LN OB BRI T Rk B S H v E .

%@iﬁj ?l‘ﬂzéﬂﬁ; %ﬁ@%;ﬁﬁ%’ Zi@%7 miﬁ
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HF MALDI-TOF MS 354K 380k

MR, B 2k
1 MM KRR ZERE, A, 210008, H[E
2 FWRSRENEESEY T EFE AL E, FEEEiTrEX, HE

SR AR KAl SR (MP; <5 mm) Ak EEL (NP; <1 mm) 545 #
T H A ERHBER 2R G (AN 5200 R SRR 22 (1 06T (1,200 FlE R IR 57K, 2020 44E
FET Y 3.67 ALHEIYERE (3). HEEF] COVID-19 KiftfT, NP H 2 46 A ] ik
o2 FESLFIKARLRH 10.0% (4,5, fEEH)E, 29 79% RN IREIAE B E N A
AL (6D XA KEMEFETRNER T2t — 2o andEel, PR 10%5&%
KFEALEAE T KRS (6,7). HETHIH R VZ 8 7 /KR . KR A1 A= 4 P 1
BHOAFAE (8D fillu, TEAK MM DR E B A A v ORI T kL (9), ik /K-S383k,
SRR EE AT LLETIE 917 M m-2-d-1 (10). FihIAEEth Z2MEBRIHIE, &/ 4 300 &
67,500 mg-kg-1 FIHREERL (11D,

BB T IZAFAE SN B N R, 2851 K — RIIAFIR L, B4 %
i G 2 A AR R (12-14). Cox 25N (15) #%5 TRkt N At 2 2277 X
et N o, B S A IR RE RS TR 2 000 MR 3 [ AR NN L EE (19 B A
I, FUHESNNEERHRTE FEIE 81,000 £ 123,000 Z 18], 5B —HWF 7451, — AR 3
AR R AR T AR BIAREAE 11,000 M (16D, AT AT B 7L AT PEAY 1T i = dh
TR BRI H A £ ) it 2 e AE N AR TR (2D i, JEIE G DU N )47 B2
TR R B B v IR $1~8.92x 104 /NPt , TR S A& EAG N R EHEH7E 518 % 4600
AR Z D8] A PO DU R IR— M E S . XM E R Z Rl R BT 24Tk
MEARM ZE I ), X RPAERANF R —P

JREE R — B T2 FARIN . AERL 5 AL RO ZH BORf 2 R R 2 4 BT S o B TE S AN, R
AR 5 AR AR AR 2 A S A A MR LA (21) 0 B E A PR AR
. BREAE. mRBUE. EEE TR A RS A, U ORGSR O,
PAHHT R AR EEE(14,22). BN E, —H MPs #3871 3Fi% m/z 905, Fiikss
Rgt— Pt i R P IT R IR A RO AT AL (23). RN AR Bk
R NOZAE T WA S A = o PRI MPs. [RIDk, G 06T Al anfel 3@ i SRS VAR I MPs 1) #
W7 CARAE SRR R R B S AT R . TERCIERE b, FRATE SN T 7R & R R N
B4 MPs ER.  b4h, BRI IT & s R TR ) 2R A, Bl R TR ER
HAbPEA SRR . B, FATEMEA R 18 T i 527 EAE I MPs [Pk it —25
JEH ., BT RERIX LN, ASCKE BT IR TR AL AT MPs B 52 K107
W, X AT REA Bh T T W AT TR B B 2 A [ R
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Comparison of the hydroxyl and sulfate radical-based oxidation of
wastewater effluent by high resolution mass spectrometry
Lushi Lian"*

1. School of Ecological and Environmental Sciences, East China Normal University, Shanghai,
200241, P. R. China

ABSTRACT: Advanced oxidation processes (AOPs), used highly reactive species, are attractive
advanced techniques to attenuate organic micropollutants (OMPs) in wastewater effluents. While
little is known in the systematic comparison of the reaction kinetics and pathway of effluent organic
matters indifference AOPs!. In this study, nontargeted analysis (NTA) based on the HRMS
information were applied to investigate the HO*™ (UV/H20») and SO4~ (UV/PDS)-based AOPs. A
total of 9543 nontarget features were extracted from the effluents, which were classified into stable,
unstable and transformation products based the ratio of peak areas before and after AOPs treatment.
The results show that there were approximately 1668 unstable features exclusively present in the
UV/H;0,, and 681 unstable features exclusively present in the UV/PDS. Additionally, there were
2793 unstable features shared by both systems. In terms of removal rate, the Kobs distribution of the
SR system was relatively dispersed, with approximately 1140 compounds degraded at a faster rate
in comparison to the UV/H,O», while the degradation rate of the compounds in the HR system was
more concentrated. UV/PDS showed higher selectivity towards OMPs removal than UV/H>0,.With
the summary of TPs detected in UV/H,0, (735) and UV/PDS (1151), 542 features were classified
as same TPs in both systems. Linkage analysis? was performed to investigate the links between the
unstable features and TPs, oxygen addition, electron transformation and dealkyl group reactions
were the most common reaction types identified in the AOPs. Overall, high-resolution mass

spectrometry coupled with NTA was applied here to understand the AOPs behavior of the unknown
features in wastewater effluents.

cide  Antibjg, %
RS A s O 600{UV/PDS e 2366 ® 4163 477
%% e
‘559 qc9es 3, __ 200- . 1432 @53 <443
. 2 o
. Q Q‘ 35X £ 60 * 1042 @ 55% -374
. B P
o 3 © 20- :
(} : 53 ‘ \33‘ 18 g 2 818 @508 220
3 = z [ L 5 & 2 600- @ 3170 @ 3528 308
’.:ﬁ;’ z 3,60% “‘o%o 000\49 55’ g £ 200 - 888 @550 308
N o A S 60- - 498 @:s:o 191
% E
S 0 A = 20quvH,0, - 275 [ 129
& ' G
. A ?s\,c‘\d Unstable Stable TPs
A= iviral r .
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FHE RS- R R TS REULH Criegee H HI4& HIHHIR
Mg e

Al 123 gyt 13 S 1%
1. W/RIETN K228, WER S5HAR %M, B, 264209
2. B/RIETNRE, (L LAfbF2ERE, IE/RIE, 150001
3. MAJREE ML R, IR /K YR S /K A IS B K 8 S sE 06 %, M /RTE, 150090

Criegee H[Af& (Criegee intermediates, Cls) f&—F B X H 2O/ 1 & T HREVET)
FEIR IR IE EAAD, TEAL 6 B R 57 DA R 200 P 9% 55 At b B 224 o SR iR i,
Cls B/ 2N 2T AEME 5 AN, 5 AR T EESMHESERNRAES
RIFHRE4, SRT, BT Cls JEPEm . fEiEm s, Hik g 55 - Ko+ S,
KLt HATERXT Cls FIRIEDUER HAE S, AR BLEAIEE RE B8R WS- AL Cls (1)
TELE, FE ClIs S5 P i BEVE LM A0 T2 SR IS 8] (BRSO ANIG B AR B 5T .

ARV LI RS-V T TR SR, RS 5T 2 O - T TR BT s 23 W 7R, e adad
REAS5WEE POPG S - A AT 92 fEgk. it R, BeIh e - St AL SE B 1 1%
IS Cls FUBELEWN, HET Sa R, SHzBEN 2 Cls & U OTR AT T
Mo BEAh, @I AR S NAR RIS FIR R, RIS R R TR EEAFT Cls B
Ao R FH B Tiedi 357 DMPO %1% Cls #E4T %€ I3k, 81 DMPO - CL &) m/z766.5 1]
EIC M H vl fme e ik, dt—AE T Cls /RS- AR IAFAE . JE T2 i pR
W, A ANEFE anti-CL ) syn-C1 Fr 75 (R Re22, WERA 1 AEREAR 1)< - 5 T R Ak
T anti-C1 172 2R R ROF IR T syn-Cl, 87 1 anti-C1AE AW 240 i JE 5 1 g J2 0 4
AR ) B L

- - . lonization unit: (b) 4x10° ] EIC of V2 766.5 ——POPGHOMPO+O,
A N, ! , —— POPG+O,
o ! i » 10 DMPO+0,
' @ A
4 =3 . € 2x10% Droplet hung b
= { s J
e TR e | ' = ‘ I
iiiiiiiiiiiiiii it B:mxg%
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Fig. 1 (a) Schematic of interfacial extraction air-water interfacial mass spectrometry method; (b) EIC of the m/z
766.5 obtained from Cls capture experiments using DMPO. Mass spectra of ozonolysis of hanged droplets
containing mixture of POPG and DMPO (c) when droplet just hanged and (d) at reaction time of 1.15 min.
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i
Hh LA A 22 B A i A FE i

RUEANR, B2 B ZaRA RS REN RS a2 ENR R
M, Hh—ANEZEEEE AR ENEBER MR, AR 2S5 a
A BB BTN, B S LSRR AR R 3 BRI T M R ) e E i i i
BAEFRE N A, TR B 22 4x o IR B8 fE YDA T IR 200, R A i e A B
A4 AHEFE B 7EXT 6 S B ARL P AR AN S FWIREAT 0], 76 SRR A A S A2 A )
FEEP TR, IR E A A 2 AR AT 2 S PR R A

A5 R FHVRUAH 5 0 3 S 1S e £ i B B 6 A S0 O R 5 P A 5 AR & s e
HIAE SRR E B PR, 552 GB9685-2016 (1 i 24 [ bR & it B 25 A4 ) B 1)
FHAI0Fa s FIARAE) TR T8 H 57 . A GB9685-2016 I & 51 Hfidk th £ 400 Fhifs
InFal, T IR e R o EXT IS IR bR UE S AT T I RIS H AR A 21
HAbPi, wER B BN BRI, JRRINEIEE . 55 R R
H = SR EEM R A S o 1K 3B A A ITE I X T 3 b % 2 AL 2SR R i A
RIS . TR IR R, EAE. 40E%E. B, MR, — IR
Ho A, & AR AS R £ S d A SO R 2 BT A AL SRR R
¥ (RME—RKES), DIARERRINAEEY CRATS THRAME . DUGRE.
BLORATE), B S RR AT A EE

b IR A TAEIRRSE, B B M RUEE AW K. B AT, 2R E CaS SR E61 1221
AN, N AR S NG EE . B4 IFA (Indirect Food Additive) Database. %4 T ¥ 4
ANTHAREE, 4901R: (D WINFIE (FA_Additives), 8 7 & a2 a0R by G I
N, GG ERINAEHEA BRI (2) {REYE (IFA_Oligomers), & T &M
MR T RE R BLOICR Y, DURESRERME M S (3) i&fEr=9)E (IFA_RPs), £
BT E IS IFIE B A AR IR B AR (4) BIWCIBRLEE (TFA_rPlastics), 8 1
Bl [EU R ((PET. rHDPE A1 PP) 1 L ELAIAL &4

AL R} A o A P R R T R A M R 5 TR A B R R AN
W TAE. B ALk, CEFRE 32 B 5 B RFR A S T R S A R, RS TH
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Comprehensive succinylome analysis of naturally isolated Aspergillus

flavus strains with differential synthesis of Aflatoxin B1

Yu Wang'2, Rui Hu!"**, Yunhuang Yang'?, Maili Liu'-?
1.State Key Laboratory of Magnetic Resonance and Atomic Molecular Physics, Innovation
Academy for Precision Measurement Science and Technology, China
2.University of Chinese Academy of Sciences, Beijing, China

ABSTRACT: Aspergillus flavus is a common saprophytic and pathogenic fungus, and its secondary
metabolic pathways are one of the most highly characterized owing to its aflatoxin (AF) metabolite
affecting global economic crops and human health'. Different natural environments can cause
significant variations in AF synthesis. Succinylation was recently identified as one of the most
critical regulatory post-translational modifications affecting metabolic pathways. It is primarily
reported in human cells and bacteria with few studies on fungi?. In this study, we performed a TMT
succinylation proteomics to explore the succinylation mechanism affecting the pathogenicity of
naturally isolated strains with varying toxin production. Altogether, 1,240 lysine succinylation sites
in 768 proteins were identified with 1,103 sites in 685 proteins quantified. Comparing succinylated
protein levels between high and low AF-producing strains, bioinformatics analysis indicated that
most succinylated proteins located in the AF biosynthetic pathway were downregulated, which
directly affected AF synthesis. Versicolorin B synthase (VBS) is a key catalytic enzyme for
heterochrome B synthesis during AF synthesis. Site-directed mutagenesis and biochemical studies

TMT labeling and Ksucc affinity enrichment followed by high-resolution LC-MS/MS analysis revealed that VBS SuCCinylation is
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2. HBRSKFMSESEYTERELGLEE, PEAEE, 999077

B A i@ AT GED JREKE, BN R AR, e SEBLHAEAS [F A5 i
RO 55 POE 7 252 BT IASE HrAb 2 FR I B Rk . A% G0 23 W 5 O T i - AR
BRE AR S & 2 IR AT A0 3, FERTFE D), A ATEEER. BRATKE T —RIIE T 4K MXene
A 14D 8 2 T /2 T B O A HE 5 RAT I [RD S (SALDI-/MALDI-TOF MS) #R%F, #]
V3 5 G MR 7 B X ST PR B (RIS, R P AR A B (AR e 14 T S8 1 S B A 85 75
MmOy B EE, R TR REE. thak, XHREN BT T has bR RI A 3D
FTENEEARIRAR T Dhetk. MALDI $E4 T H AR BRAR BT o 1 8 J7 A A oy I FH T 5
IR Bt R BN K i (PPDs) PUA MR S L FRZRATAEY) (PPDQs) (1)) B Al 55
1B, SEIL T AR ) s R I A RS T AR AE A A F R B R I AR, TE R R
PRETTE B B35 G oA 55 1 ) 5 RIS DAk w7 A8 e I FH T 5%

R F MBS, R/ B0 LB AT RIBRE, PREE, 49K MXene

SER GRUAD

1. Z.Peng, W. Zhang, D. Yin, X. Zhang, S. Liu, W. Zhao, J. Mao, Y. Zhang and J. Xie, Chem. Eng.
J., 2023, 454, 139978.

2. Y. Zhang, C. Xu, W. Zhang, Z. Qi, Y. Song, L. Zhu, C. Dong, J. Chen and Z. Cai, Environ. Sci.
Technol., 2021, 56, 6914-6921.

3. Y. Zhang, Y. Song, J. Wu, R. Li, D. Hu, Z. Lin and Z. Cai, Chem. Comm., 2019, 55, 3745-3748.

4. X. Huang, Q. Liu, X. Huang, Z. Nie, T. Ruan, Y. Du, G. Jiang, Anal. Chem., 2017, 89, 1307-
1314.
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BRI S R & i S REER I

HEMR S, TR, kAl SRE
L A SEY O R E GRS (FBERE )

BEE AT IR BAN D PIEK, LRSI M NG a1 R B A =, Y
15 G B A IZ ARG TN, P PR AN N i REad p 1 7 B b . AR SR BT
[ 508 A0 AT T 25 e TR . RS PPAS A 4%, S8 8 A Ml 20 el S L B Bt
AR R EEL,

B W) 1) 45 5 BT e W 9T L PRI R AIE % 2 i RS 1R ity bb T8 29 e
PR 2L IR IR R0 5 A AR = Al i S8 L, [ S e i B IR R IIHERE .
DRl b 75 R ARG S 2 ST . R BRSO A i -5 3 F i s 1A
5, X H S HRHE R PR BEIR AT IR A FL

2020 4, (RHEE) FRERR TALE T ARMART-SRA0E",  RIFE R Y By L A R 4R
fi 1 (coho salmon) Hi I EVEFI K EIET- ISR K . B2 R A I A5 IR s 7] 6PPD
[R5 AL =4 6PPQ (6PPD ) #: A\ REAERR AR N G E AR i 1 (1) SR AE TS (24 /N
FHIEIREE 95 ng/L)o X —WF TG K T I ETRE 2% TN T8 A5 Be B R ) 550
FA VI R T E I S 2 T H O I S AL SRS, R BIBE LB & 6PPQ
TEN I —RFFT A PPD BET5 348, TA @IS G % 6PPQ iAot tu4E H 77 3%
FruchnEd), BN 7SR S e KAR, I3RS AE N I 2 R RS R 12 40
Ao [, 8RB =B DU, AT HPA B IRE KT T e e =,
FAR s E B RAAFARE, AR5 T2 @S5 5= NS T 7.

B B R B B A T DA OO PRI AN A @ R s Y B T B YR 2B ALTS
et 6PPQ HIEFMENLEI MR 7E 4 T i - FRATE IS ALY R R 2 B AR S TF B
PRI F T AR B AR AL o SEAMBERANBIT TR N A8 22 4511 38 A B35 e fb
SRR ERE . B, =&UE (TCS) fEA—M) 1B RER], g &A= il
M, HmZMESm TN w28, 5IREGMmREWEE T ANIHEY . 20,
L 51 R i AR T T8 BE PN L EAT SR AN B o FRATTIE BARI A 75 R B0 T W T8 A Y 2 A%
WATTER, 2 TCS BIJCiHTEMINE E R —AHAUWY, 76 AR IE B3R He oG 1k
(1) TCS. &4 RERGEMAENZ Y TCS UGB EE R B EH LM, X IXSEF A5 44
(B AE R TR AL T AR

g b, B AN G A 5 43 AT R R B A AR N FL AT RS VA R 4 | 1 TR B
i B IR T BORFI A BOREF B, IRANIR O A 5y S5 28 LEM
SO ST T FREAE, D B Gedi i i s A2 | S R S Ak
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BB HLBERLSRFT I LC-HRMS JEEE [ 43 H7 5 BRI SR EE
ER, W, K FARE kKe

L P E R AT TR 2T, JERG 100029

H 7 A HLBEFE#L7 (Organophosphorus flame retardants, OPFRs) &l B AESEEl— e o B
PRI 5 VRN 3 B A3 AT, AELE LIS R B RN R 1% OPFRs HEAT AxTHI 07 2 FIIR EEVEAS, = X JEF 1A) 4
BT i3 AT PR RE VR i i AR HEL 3o AR SRR T v OB 0 0 - e i BB B, ST 7 /P
OPFRs FARHE [ i 2 A1 E B PPAG 7 3%, 8 Id 2 MR bexs AL ) A B BT VRO, FEREAS I IX Y
BYIRE S AT 73 HT

BT 5 R A A R B2 ORI VAV KORR s K R ot UL FCVA BN 78 1 DT VR HEAT B0, AR SCIR 2%
EURACHEM/CITAC R 1533 13 WUE PEFRFRM, KIAE =FME R, TNR (True negative rate, TNR) .
FPR (False positive rate, FPR). NPV (Negative predictive value, NPV) F Accuracy 5 & FIAH R
#AIk; TPR (True positive rate, TPR). MCC (Matthew's Correlation Coefficient, MCC). PPV (Positive
predictive value, PPV ). F1 Score fll Youden Index Fifiyf< i 138 A7 BH {38 i1, FNR (False negative rate,
FNR) A1 FDR (False Discovery Rate, FDR) [y 5 ()3 iy B 2~ s i bR A [RI 285 1 (v fg

B, BRIUEAGIKRE R, %554 TPR. FNR. FDR. F1 Score. Youden Index. MCC Fl PPV ¥4 &
RO, BEAE VR RGN, 7 AR ISR N (H T LR(H(FHVEZE SRR EL), BB IR EZ G,
TR RS AiTiG o SR AREEXS FPR. TNR Al NPV (RS RIHE . StF o drid fEd A
WaE B REUE SS (Sensitivity, SS) BifFi 4 SP (Specificity, SP) B (F X [HMEZR AT, SS [NE M
A RE SATHE KA 7E 95% I BAE XN, BEEWREEN N, SS A TP i) E(E LIREMERS TR
(B TR VS IR, KAt rP A7 R B S O RE B R ;- SP Bl TN Y B A L BRAE A B4 T FRAB 25 SR AH
XFEGT, WU B 5.

A E AT T I ERSL T LA bR 28 A 2K (Response Factor, RF) flitH B 712,
AT FH R A AN R 2 B T A 22 A5 O TP VA EAT VAT, PRI Jo DL VAR B M S b5
2R RN AN E BEAE 0.6%~8.1% 2 [7); ¥ HAMULAWIEARIL L, LA britE ih 2 AR A &
JETE 12.2%~26.1%2.[8] . i M B [R-F (Response Factor, RF) Aty t1i2:%) P A3 Jog UL ey R itk &
IR BENE BEIEAT TN, R B BT E AL S0 RF SE[R TN (R 2576 0.1 & 118.8 fi5 211, ¥k &
Yoy Fkedk . pa AR & S REHATRHE, IRZETE 0.2 2 39.5 52 I0], 2r FARHEFRAR T A & Ik FE Tl
DEJRZE, HEIN 70 AR KN OPFRs ¢ Vi BB 00 AR AR 4 o xof AN [R) 3 DX AR A WD R EAT 20 A, 72 9 i
A FRIRE RIS PIRE S JERL 7 il OPFRs, JLrhBL Fifi 2 piath 4 Fb, S EJEEIE 0.1~33.6 nglkg <
) ArBEAARRE R A bt 3 A, TR EVEELE 3.2~17.1 png/kg [0, RF B2 FITE H
0.1~78.4 ng/kg, £ JLFA9RE S, TEP. TPHP Al tripentylated triphenyl phosphate () H BT i
KRB AHLBERIA, WO G- P, AREER b, TIiEVRI
EPEN
1. Yang J, Zhou X, Li X, et al. Simultaneous determination of 21 organophosphorus flame retardants in rice
by gas chromatography quadrupole time-of-flight mass spectrometry[J]. Talanta, 2023, 253: 124103.
2.Ye L, Meng W, Huang J, et al. Establishment of a target, suspect, and functional group-dependent screening
strategy for organophosphate esters (OPEs):“Into the Unknown” of OPEs in the sediment of Taihu Lake,
Chinal[J]. Environmental Science & Technology, 2021, 55(9): 5836-5847.

3. Groff L C, Grossman J N, Kruve A, et al. Uncertainty estimation strategies for quantitative non-targeted
analysis[J]. Analytical and Bioanalytical Chemistry, 2022, 414(17): 4919-4933.

4. Emily Parry, Thomas M. Young. Comparing targeted and non-targeted high-resolution mass spectrometric
approaches for assessing advanced oxidation reactor performance[J]. Water Research, 2016,104:72-81.
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T MALDI R RE B EMER3 1R

B, M, oo, REse, #E T, el
1. FEHPPEREREFH AL T, Piaa SR ERELALEE, b
7 100850
2. MEANRARKE, Mifsb, Jbii 100038

HEAR AR AU R R R, (BN B A RRE, TR ARSI
Dhagit et ts, Herb i mon™ &=, (2 H AT E A LR MR s e e, Bl ot
ORI, E AR R IR RIR ST — B N EE s PRI, X BRI A RS T)
FHATHF R AT T, FHRA BRI R H AT 5 B Al 2 R E R
BN 1A U RIRGE K 2 2 T OBl B 107575, ISR IR R Wi, (HIE R 7 E
FORE S AT AL BRI R, HIGRSRE ) SRS A2 b R sh VR A v (I 25 AR, 1 R A
PILESELH 2R 1) 8 A A E B S RE LR R A 2 B e . B A AN DX . MALDI Jiit
WeRlf% (Matrix-assisted laser desorption ionization mass spectrometry imaging, MALDI-MSI)
ML, PR Ol RS T RUREOR, AR SEBUEE . B AE AL
M RAE 75 BLA T TSR K AR R Tt o B ) 2 i AN/ L sie i P 1 T s
e R R S PN NI X7 S X W i o) I I~ VA B s e s 3 ) VP 8 D e R S
R, SCREM T s e AR Py Rl AR A I R

PRI, ASHIE 7T 15 VT MALDI-MSI BN 5 SRS AEBE B F A Py 10 70 A R AEREAT T4
WS, I AR E [FIAL R W BRI MALDI-MSI i€ 8777, T 7 B BAG G R 5 5 o 1 34K
BT T o SRR ARG AE T B S A MR SCRGE i BE R A T FPRE S R B
KIGEHRG T, PO 5 ARG, 68 FHAE. BUE. Aot 3 24C
AR B . BB I E FRR LR 30 min WIAFEME (BEFE | h iABIE(ED, K
FETE 6 h YR UL [ 70 A A D S A AR ) £ 28R, A B LR A
Het, DOREN SN ARSL, R IREEREE R, (HA A, RS . 5T
AL, ZITERIN T A R AN S A A AR R AR S R, i D e A
JIFRHER B AR . IEFET MALDI-MSI {7735, Mg Lo A R &7 AN 4E LSS T 7K
RS B R (T E MR REE R, DR T MALDI-MST AT #8347 8- 00k 72 1 wT A7 1t RiE
Pk, D9 AR TR IR PREGE AT S O B 2 AT A 5 B AT I T R T BL. Bk, &
WO DA TR IMEST MALDL JEBTR,  F A A R e, Ul W slm] £ Dy — Mo AL i
MALDI $J57

B MALDI i alifs; B &M B, 530 22 o; s

SE IR

1. R. Dinis-Oliveira, J. Duarte, A. Sanchez-Navarro, F. Remido, M. Bastos and F. Carvalho, Crit.
Rev. Toxicol., 2008, 38, 13-71.

2. R. Dinis-Oliveira, C. Sousa, F. Remido, J. Duarte, A. Sanchez-Navarro, M. Bastos and F.
Carvalho, Free Radical Biol. Med., 2007, 42, 1017-1028.

3. S. Ntshangase, A. Shobo A, H. Kruger, A. Asperger, D. Niemeyer, P. Arvidsson, T. Govender
and S. Baijnath, Xenobiotica., 2018, 48, 938-944.
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& & REMNAR KRB HIPRE P IREE: KPR B RMEN X ST
i

e, R

L BFREMEE R 5 TR, Ao Rt e S A A A s i s, R,
300350;

AR OK R E N —F) 2 R SR 1, TR R AA e, Ok N G 2R
WHRARIE IR NG, ISR AR Ah . (HARR — RS B A P il TN, AT xE A
A R T R LE A, 20 SRTT, H ATIESR=ZAE A RiE ORAD RNEFE RO HEE1
TEMERARE AR N AT 2K — R TS T RE 1) 2 52 18 15 A FE RS TR 78 o AT FEUREE T 101 44
KEAEPRIFEA VL S I 36 4454 FTTEE & K28 . R A AU G 5 RS EEI E T 2k 2
A1 25— PR R XSG (AR FEE , SH SR P v 255 A €6 3% R B — R DU AR B I 5 T 22 2R SRR A
AR SRR IR . SRR, AAE W (2-2FECE) g (DEHP) KB
BN, AR R L PRI S R e AR IR R EE . MErE A AR
AT R TS ORI PR 1R B R K S8 e T S M, SR R AR IR — RN 2 R I
AiE T S ZE e (R E TR A i IR) B BB ) S R AR 55D T B sg i AR R FE 40K — HIR
B . thah, i A R Hp AR SR — R W EE VR (EDIp) ARV HERIRE (EDIy) it
HTARIIAL R — P RES G 5 H N (EDD ZJAIfEE R EM EMAERR, KK AD T
AN 2K F R XU AT R NS 2 R A0 2K — H RIS 1 EE R . (R TR AR RS (8
A 3-6 NMKJET) 1 EDIo/EDIy EAK T im0 T AR HIREE . &P RSx4 K — R
FRZE T DT R R, FFREHAN (87.8%) & NKEFE KA — FRER I 3 EikE.
FEh, 21 4.95%I RN DEHP GRS 5241, X RHAR —HRREEH ) DEHP 1] fe1F
TETEE g R ARG, ORI it >R s> DEHP AR = RS H

B AWK HREE |AKAE SR AN

SR

1. L.Hua,S. Guo, J. Xu, X. Yang, H. Zhu, Y. Yao, L. Zhu, Y. Li, J. Zhang, H. Sun, H. Zhao, Sci.
Total Environ., 2022, 845, 157251.

2. Y. Duan, L. Wang, L. Han, B. Wang, H. Sun, L. Chen, L. Zhu, Y. Luo, Environ. Int., 2017, 109,
53-63.

hongzhizhao@nankai.edu.cn
XHFHMEBMRERES EXRERVNFESESES (42177412)



152

Quantification of Nanoplastics by Size Classification Using Rate
Zonal Centrifugation Coupled with Pyrolysis-Gas Chromatography-

Mass Spectrometry

1,2,3%

Siyuan Jing , Yanting Wang*, Weiping Liu*, Thomas C. Wanger? 3

1. Department of Environmental Science and Engineering, Fudan University, 200438, Shanghai,
China.
2. Sustainable Agricultural Systems & Engineering lab, School of Engineering, Westlake
University, 310024, Hangzhou, Zhejiang Province, China.

3. Key Laboratory of Coastal Environment and Resources of Zhejiang Province, School of

Engineering, Westlake University, 18 Shilongshan Road, 310024, Hangzhou, Zhejiang
Province, China.
4. MOE Key Laboratory of Environmental Remediation and Ecosystem Health, Institute of
Environmental Health, College of Environmental and Resource Sciences, Zhejiang
University, 310058, Hangzhou, China.

ABSTRACT: Particle size is an important indicator to evaluate the environmental toxicity of
nanoplastics (NPs, particle diameter < 1,000 nm). The methods available to determine size classes
of NPs in environmental samples are few and are unable to achieve high-resolution separation. Here,
we show that rate-zonal centrifugation (RZC) can quickly and efficiently collect NPs of different
sizes based on their sedimentation coefficients. In theory, our method can separate and recover NPs
with a particle size ratio (di/dz) of 1.03. When combined with pyrolysis—gas chromatography—mass
spectrometry (Py-GC-MS), this method can quantify three NPs particle-size classes separately
(including 100 nm, 300 nm, and 600 nm) in aqueous samples with high recovery (81.39 % -
89.42 %), low limits of detections (LODs, 33.5 - 53.4 pg/L), and low limits of quantifications (LOQs,
110.6 — 167.2 pg/L). Our method can effectively track the fate and determine size-dependent
differences of NPs in environmental risk assessments. Overall, our RZC method has the potential
to refine health risk estimates of different-size NPs for various organisms and the human body.

KEY WORDS: Scalability; Nanoparticles; Size-dependence; Separation; Density-dependence.
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TALBY I BT Fe 2 Rl

FBEAFH
1 EARBET RS, i, 200237

REWHA MR Em R T, M TRKE R, HEARSEREEY. HELEY. 2305
REARAHEANSTEMEE, BASUE. Sk, BORIER, XA REE B R B . 1% 582500 = R
FEA WLIR KA SRAFAE R B T 5 AK A E DG IR 1R S 2 ), M T BRI B WL e kle %2 . BeidipH
YA HAEALFIRI A, AT s EIRHERT, FAT1) FIHM0O,. MoSZ5 e ML BIME A7) 3 I %8 75 fI=Mo**
GBI E Gy, AREE T AR A R A EE RS LA TG St ROK B R R B B A RS, A
Hil TR AR G, A T CODRIZRRER; 2) BT G MoSa. Zn(OH ) S5 ToA LB A% 35 AH S5 fi
PR AT A ST 2, 0] T RS T 50H KA KM M, ST 3.0~ 11.0%EpH3E Fl 30K LA E
K R i s g S5 LTS 205 3) A A AL IR T O «OHaas W [ F AR HE R IR L AR 3R, BB
T CoSax~ FHKYETCHLENEA TR R HLO P MR 2R . R B FU-FSA M5 LRI 2. 78 CL B AL RER
(dEat b, FRAIRIA B F0ER TN AR 5e i T 7 b HE - 58 5 AR = AR I A LK K,
AR 37 A R AZ TV s G kb R K I SRR 97 FH

1): EREFERO(EH 2): FEMARREE(RH
ERIEIR ISR R PR TIRERINS F
PNAS 2023 =ke Angew. Chem. Int. Ed. 2022
Angew. Chem. Int. Ed. 2020 Angew. Chem. Int. Ed. 2021
Chem 2018 Natrue Commun. 2018

Environ. Sci. Technol. 2018 Water Res. 2018

3): 10,5-0H,, B E{R
HARESEARIFIBE
Natrue Commun. 2023

Angew. Chem. Int. Ed. 2021
Chem 2019

Environ. Sci. Technol. 2019
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ZIRe COF B EHHERERE S ALEY

EyE L, MRS |, REE L g
1. FETN R, 2%, ¥FEE, 250014
2. IARBHTIAA L, HFFd, 250014

255 Z w4 A (per- and polyfluoroalkyl substances, PFASs) #& —2J8 HA & 2 N M E
P mANY, T Z R T T AR SR, AT, PFASs & H Rl = C-F i, &
B LG KR SRR, CHOESSAERRME B A5 ). 8 S5 & FEA I R &
Z%, H PFASs —fAb TR B/, A EHAT I R EEICIER 25 s FHoR . B, 2
SLim R WG FRIENY) PFASs R b AT AR HAR RO HT Gl 128 R bR B ST 1Y) G i)
Z—o MUK KA R 2 PP BURE S BT AC IR 732, G [EI A AR, [ AH T A= BORN B -6 A
AR, HAZ O oy A2 B S B AR IR B A R R R4 A HLAE 42 (covalent organic
framework, COF) i Yaghi T 2005 “E 5 R 1HA AP, BlE kN EERANLIIREM B, 18
AL Fekor &, JeE. A, BREAMESE AU AR R BT ALES
A 7 AU, S BT AR D E A FLEEAE I, nT & PERE & 571 COF #F i /i AL B
PkL. RS0, FRATZE T #R AR . B ER . BUKMER S <a-30 28 AE R & 21 /ER 7,
K H BAR DI ReA S R AE & RS, Hl4% 7 BA A FZ 5 PERER) COF # 8L, JF RS
PR TP AL R BRI AR R B AR R R IR R E 4R PFASs 2 . fES S
BT, RAEAREE IS A PSR ER I T XA F & mFEA T PFASs (1) = Bk il
(K1), ZITER SN e o BRAIT H A R iR % 2 5 I

&€ @&
i & &7 SPME
P &
z |
g ‘ A4
s "N I
& Qs
®«¢c i

Fig. 1 SPME of PFASs by multifunctional COFs
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SO, FE M ST _E DA H HeZERE BRI 75 251 R MR R Eh 7B B«
7 B et 0 25 5 A X

SEME L, SKETAE YT
VR R A 2B, R F X RS 94 %5, 300071

AR A AR R R KA R e R B O R E B AE 1 B ARE iR
DRI IR 9, (ELTE 55 5 HhoU i 380 PR R AR R 5 AN ERAT BT A VBB I & 2 AT SR AFPE K 2
PE, X % 5 TP AT A AE AT R R R A R R AR ()34 . B T R kB B A 7T R
FELZH A3 [E 52 47 7% JE K % Joseph FranciscoZ 5% IR 2H i it 38 A i 15 42 RFIDI-MS 5 MRCI-
QM/MME IR I VEM S & I TB R A HRAE R S T AL T LAURCUVAD G T, B ek
BELIR) 77 BRI B H =23, SR 58U NIK ON, FFPRE T B BRAR - 31X — 32 X 7 0 Hr b 2
BRI 25 RIEAN 10 8 BRI S B AL SRS A5 1, 1 BIAE
AR TR K RO 51 B — S8 A BR DA 2 A AT RE A 55 5 T AR AR 1 B BRI [1]

KEER: Pk KU BB E
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IR IE LR IL COL HT RS

Bk, skprE
VR IT KSR A R R IT X PR 94 5, 300071

NGB — et (CO2) ARG N, =B L3, =SAKIA
il J= 18 BT T4, REASRAEAFGE T BRI o WAl 3R COL I i LAFI Y2 PR COLHEL
B DRI ARAR I R EAE SR [P, B2 H AT iR S ZE AR A R e — o R AT KEH 3R
COFRIIHAL I N B IE = it 78, (B 5T &R IR G PAiEfLii)D . B2k
(5 R Z AN — i G SRS 1 P N . BRI, JFA T RO 2R R CO A
BN A T3 5 A BEI ] 35 88 i AT R X [1-2]

LA, NATTR OGRS PRI T80T 1 B 73 s O AL 2V 5T, i A s o 1
AR FAURE —[3-5]. O IRAEIESE 1 HOB0R 1RO A e = i g (10°
Vim), ZH ] RS AR, ARt B B AT B d o AT AT LR AR il S L
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IgE recognition and structural analysis of disulfide bonds
rearrangement and chemical modifications in allergen aggregations

in roasted peanuts
Zhang Ying 2, Zhihua Wu 13"
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ABSTRACT : Given that roasting changes the structure and allergenicity of peanut allergens', the
structural information of peanut allergens must be expounded to explain the alteration in their
allergenicity. Some studies have observed the appearance of allergen aggregations in roasted peanuts,
23 the differing profiles of reduced and unreduced proteins prove the existence of disulfide bonds
(DBs) and other covalent protein cross-linkages®>. Only a few studies have analyzed DBs
rearrangement and allergen aggregations during thermal processing. This work focused on DBs
rearrangement and chemical modifications of allergen aggregations (AAs) in roasted peanuts. In
this study, IgE recognition capability was assessed via Western blot analysis, disulfide linkages in
AAs were located combining liquid chromatography—tandem MS (LC-MS/MS)* with pLink2
software, chemically modified peptides were identified by using LC-MS/MS and Protein Discovery
software. Then, the crosslinked structures of allergens were simulated through molecular dynamic
simulation software (GROningen MAchine for Simulations, GROMACS), the chemical modified
peptides were displayed by PyMOL software. Finally, the structural changes in aggregations after
roasting and their effects on IgE recognition were explored. Results showed that AAs were strongly
recognized by IgE and cross-linked mainly by DB. The types of DBs rearrangement in AAs included
interprotein (98 peptide pairs), intraprotein (22 peptide pairs), and loop-linked (6 peptides) DBs.
Among allergens, Ara h 2 and Ara h 6 presented the most active cysteine residues to crosslinked
with others or itself. DBs rearrangement involved IgE epitopes and induced structural changes. Ara
h 1 and Ara h 3 were predominantly chemically modified. Moreover, chemical modification altered

the local structures of proteins, which may change the allergenic potential of allergens.
KEYWORDS: peanut protein; roast; aggregation; disulfide bond rearrangement; chemical
modification
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Comprehensive Fingerprint Study of Oil Fumes from Thermal
Oxidation of Three Unsaturated Fatty Acids by Synchrotron
Radiation Photoionization Mass Spectrometry
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Abstract: Cooking oil fumes are an incredibly complicated mixture containing multiple hazardous
and carcinogenic chemicals, which are generally assumed to originate from the thermal oxidative
decomposition of unsaturated fatty acids (UFAs). Nevertheless, the sources of these noxious
chemicals remain obscure and more conjectural. In this study, three UFAs (oleic, linoleic and
linolenic acids) were selected as model compounds for cooking oils, and then ~100 thermal
oxidation volatile and semi-volatile products, including aldehydes, alkenes, furans and aromatic
hydrocarbons, etc., were characterized online via two modes (fixed and scanning photon energies)
of tunable synchrotron radiation vacuum ultraviolet photoionization time-of-flight mass
spectrometry (SR-VUV-PI-TOFMS). Comprehensive and explicit product fingerprints of oleic acid,
linoleic acid and linolenic acid were successfully attained, which is pivotal for accurate back-
tracking of species in real oil fumes. Noteworthy is the identification of 11 new substances using
photoionization efficiency curve (PIE) simulation method, including short-lived ketene, owing to
an online sampling strategy without pretreatment. Furthermore, real-time emissions of acrolein from
these three UFAs were monitored at different heating temperatures, demonstrating that linolenic
acid may be the main source of acrolein formed during the heating of vegetable oils. Overall, our
results provide new insights into the complex chemistry of oil fumes and highlight the importance
of identifying the sources of these harmful chemicals to minimize exposure and promote public

health.

Keywords: oil fumes, photoionization mass spectrometry, unsaturated fatty acid, oleic acid, linoleic

acid, linolenic acid, thermal oxidation
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Establishment of analytical platform for steroidal saponins in yam
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ABSTRACT: Dioscorea (Dioscorea spp.) and Fenugreek (Trigonella foenum-graecum.) are
traditional Chinese food and medicinal materials. The differences in their physiological activities
are due to the complex structures of their main active substance, steroidal saponins, making it
essential to establish an analysis platform for identifying their composition. This study used ultra-
high performance liquid chromatography tandem high-resolution mass spectrometry (UHPLC-
HRMS) to identify 47 steroidal saponins. The high-resolution mass spectrometry platform could
identify 35 furostanol-type saponins and 12 spirostanol-type saponins based on compound
chromatographic properties, precise molecular weight, isotope distribution, and molecular
fragmentation patterns, including 10 pairs of isomers. Thirty-nine of these saponins were used for
quantitative or semi-quantitative analysis. The contents of saponins in edible Dioscorea were much
lower than those in medicinal Dioscorea and Fenugreek, and the most common saponin in the
samples was protodioscin. Only 43.6% of the saponins in Fenugreek and Yam were the same.
Fenugreek bud (HLB_Bu) had 29 steroidal saponins, with furostanol-type saponins being the main
component, accounting for more than 95% of the total saponins. Diosgenin, trillin, deltonin, and
protodeltonin were present only in certain samples, while zingiberenoside B was a unique ingredient
in D. zingiberensis. Among the three types of Bixie, only D. collettii var. hypoglauca contained
trigoneoside XIIIb and zingiberensis New Saponin. Trigoneoside XVlIla, trigoneoside XVIIb, FUS,
trigoneoside Ila, and trigoneoside IIb were index compounds that distinguished Fenugreek bean
from Fenugreek bud. The highest contents of saponins in Yam were found in the skin, followed by
the flesh, and the least in the leaves and stems. The contents of saponins in the skin of D.
pseudojaponica Yamam were 9.39 times higher than in the stem. Hydrolyzing the above-mentioned
extracts with trifluoroacetic acid (TFA) was necessary to increase the low contents of spirostanol-
type saponins, such as diosgenin diglucoside, monosaccharide saponins, and diosgenin in natural
plants. The UHPLC-HRMS analysis platform established in this study can effectively select and
identify steroidal saponins in Yam and Fenugreek. The platform can sensitively detect differences
in saponins in samples of different varieties, and parts through quantitative and semi-quantitative

analysis, which can assist in the selection of yams and process quality control requirements.

KEY WORDS: Dioscorea, Fenugreek, Steroidal saponins, UHPLC-HRMS
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Covalent modification of histones by genipin dialdehyde intermediate
decreases its interaction with DNA and global acetylation and

increases susceptibility to DNA damage
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The extracts of gardenia fruit are widely used in Asia as a natural colorant in frozen desserts,
candies and baked goods, jams, noodles, beverages, wine and liqueurs, processed seafood and
agricultural products. Genipin (GNP, a major component in the extracts) is a natural dye for
textiles, cosmetics, and foods, and serves as a naturally occurring crosslinking agent widely used in
many medical applications, but GNP has been proved to be genotoxic. This study aimed to
investigate the covalent modification of histones by GNP dialdehyde intermediate and the following
epigenetic effects. Adduction at asparagine (Asn), lysine (Lys), glutamine (Gln), and arginine (Arg)
residues induced by GNP was observed in vitro and in vivo. Site mapping work showed the
modification of Lys, Arg, GIn, and Asn at various sites of histones in HepG2 cells after exposure to
GNP. GNP exposure resulted in reduced global h