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Abstract ; Natural products are the important sources of lead compounds for innovative drugs, exhibiting structural diversity and
functional specificity. At present, natural products play an important role in the targeted therapy of cancer, cardiovascular and
cerebrovascular diseases, nervous system diseases, and autoimmune diseases. The development of protein degradation targeted
chimeras( PROTAC ) provides a new strategy for clinical molecular targeted drug resistance. Natural products and their
derivatives ,as important parts of PROTAC, play an important role in the development of protein targeted drugs. This article
reviewed the progress in the application of natural product-based PROTAC, as well as PROTAC technology for the identification of
natural products targets.
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Multi-Dimensional Comprehensive Evaluation of the Impact of Instantaneous High-Temperature Sterilization on the
Quality of Salvia Miltiorrhiza ZHUANG Xin-hui'* , JIAO Lian-qing™" , YU Min' , TIAN Qi-cong” , ZHANG Feng-qing **(1.Jinlin
Provincial Academy of Traditional Chinese Medicine ,Changchun 130012, China;2.School of Chemistry and Life Sciences,Chang-
chun University of Technology ,Changchun 130012, China)

Abstract ; To investigate the impact of instantaneous high-temperature sterilization on the quality of Salvia miltiorrhiza ,the content
of eight chemical components in Salvia miltiorrhiza before and after sterilization was determined using HPLC, the antioxidant
activity of Salvia miltiorrhiza before and after sterilization was measured using the DPPH + method, and the cell viability of rat
hepatic stellate cells (HSC-T6) before and after sterilization was measured using the MTT method.Set up HPLC fingerprints , the
shared peak structures were determined using liquid chromatography-mass spectrometry ( LC-MS) , differential quality markers for
different batches of Salvia miltiorrhiza were obtained through cluster analysis and orthogonal partial least squares discriminant
analysis ( OPLS-DA).The antioxidant components of Salvia miltiorrhiza were screened by HPLC peak area changes after reaction
with excess DPPH.Partial least square regression ( PLS-DA) analysis method was used to obtain the spectral effect relationship
between the common peak and DPPH - antioxidant activity, combined with the antioxidant activity of monomer compounds, and
finally determine the antioxidant activity quality markers of Salvia miltiorrhiza.The contents of 8 chemical components, DPPH -
clearance rate and cell survival rate were not significantly different by ¢ test before and after sterilization ( P>0.05).The similarity
of fingerprints before and after sterilization was greater than 0. 9,the same batch of samples clustered into one class before and
after sterilization , instantaneous high temperature sterilization had no effect on the quality of Salvia miltiorrhiza. Methyl vioxalate ,
salvianolic acid B, methyl salvianolic acid, tanshinone 1, cryptotanshinone, salvianolic acid F, tanshinone I[ A and
dihydrotanshinone I could be used as markers of quality difference of salvianone.Rosmarinic acid, salvianolic acid B, purple
oxalic acid,salvianolic acid F can be used as quality markers of antioxidant activity.

Key words : Salvia miliiorrhiza ; instantaneous high-temperature sterilization ; DPPH + antioxidant activity ; quality markers ; quality

evaluation
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P12 (Salvia miltiorrhiza Bge.) N &L EHEY)
P TR 2R B TR I RS, i 28 198, VO
BRI, T L T Sk P S b A RO S
FH KPP B TR S RO 1 P S B 2 K%
PRI PSR R HIR VE IR SR B 55
REVREEFED SIS0 1 BPSE P
Z 1 P2 LA % RED . FH2EA R
PUAALTE PR, TEIR 7 15 P 4075 A 0400 Jl 1L 48 5 0
T3 PO, FoA 08y RE 4% 18 1 BELIBT A ey ik
SN FRVE R AAR A7 A 1Y) R SR el o o I 1Y
miEY,

FPHSAERMC T Al 0 (5] 25 ) 126 A= A oM
T2 M H Bt e AT 00 EL R HG o 8 T8 52 Tl 1Y)
KW ITENNEE, P20 KE I Bk
A W 2K IR K AN Y Co B IR KR
W B R R AT S R A A
PR R , AN RE 4 T B BT P S R A T R Y 5
Wi, YR 2 VKB A Co 8 B RIS , FHS W
A &8EEFTE,AENTFIZS KA ; BRI & R
K (High Temperature Short Time , HTST) 1] FH Ef
AR A R B 24 S5 TE 150~180 °C
i N RS B LR 2 JLRM A # 23% , K
PRI TR, 280% e, OB TS, B S AR B
A TR i WA 7 4 SR 3 IR e s 3 K 1 T
TEAFEM 7 T 2840 H B ORI A5 S5 20 3%
o BT TS PE R FT 4R AR KR, R T
W e e R A R S T AT

ABIFE —J7 T XA [F P2 vh 2k
B eI E T S A, B R e S
B SRR S 53— 5, PSR DPPH - 4t
SAACTE PE R LT 2 4 105 B B S A T 1, HPLC
B S 5t i DPPH - W R AR 2SS
RN OE R AR T C DS S rRTA R I w6 s i ]
REG S 8 M kL&Y DPPH - 5T AL 1
1C, [H AR P S0 A A P 5 1k 2 153 []
MITERIOC R W E S hHU AR PE BT AR R
RRPFSPUEACTE YY) BRERY . SN0 R
AR RN SN BB T
VAT RN g it K R S A AR B A T
X PHZ 2R ) AR I, AT T
5P Z 2 U & I DPPH - 71 AU T 1R
JE R BURITE BSOS P BR B AG A SRS
MRV SE 2 LR B 0 BRI R AT
W I R R R X P2 BT i B2 VRS2 e,y 1R

I el K ARAE PSS 77 v B L o 42 7
LR SRR 2R

1 SKIEBSY
1.1 FEERSEH

WS-FMD15 B A8 5 BRI K R 58 (K&
B HIZ5AG FRZA ) ; BSA12S-CW A, 1 K- (2
EFE 2 R R 22 AL A R A ] ) ; LC-20A B 555K
WA (E3EAY Waters SYNAPT G2 %13 5 %0k A €2,
- DU AR AT ] R I R A ( H AR S A
RT-6100 AR 73 A1 A (TR T AL AR a2 A FR
N s KQ-250E HUHE 7S I T AN ( B 1L e 74X
FABRA ) ;FD-1D-50 B8 TR HL (b st s
SR A RAF]) o

P2 AL R E5M T, 2855 Mg h B2 2581
e USRS N RIERHEY P F S . W'
mn IR IR ERELR SRR B . AT | R
PEEE P T M S LA PSR (AE
>98% , " [E 24 ity A= Wy il o R E B ) 5 S (3
afi 318 TEDIA 23 w]) ; R (el , REOLE R
HREA M) ; DPPH - RAF (4 >98. 5%, I
2 i MRA AL B A BR A 7] ) s HSC-T6 K BUIF A2
ARG AL R R AR RN A ) s IR 4
ML A5 329 PBS(1x) . DMEM/F12 J% 77 3
(REFERAEWAF) .
1.2 SRk
1.2.1 BB R K AL B S

A3 IEC 10 HEPFZAE R 500 g, KyHE it = S0
(50 B) ,BEFE R K 170 CAEFE 10 s, TS
BRI T AT UL 1k TAE , R TG 3 5
45515 BT
1.2.2  RUEYIRRE R A

Fiz 2020 AFERRC HP E 24 ) DU R SR TT TR 7
A MU BR RS ik G DU 1105) 7 Y 43 SR ) 25
TRRITIRE B TR S50 5 S TR R B i T (R P e
bl VP A AR 22 BT ) o
1.2.3 R TR %

KB PRE 8 Ffowt RS, I 759% FR B E ) B
1 mL 2354 3 mg FHIER B 1 mg FFBE 1 mg
HEFEMR 1 mg BER 1 mg A1 1 mg
BP0 1 mg P2 T .0.5 mg FFEETITA B
X B A, A AL UE AR (0. 22 pm ) 4 °C &R
£, 45,
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L2.4  {Ehn s il & i B I MUTE 10° CFU/g LATR, %5 1 AN B 1

HE AR UK TR A1 AN 2K B 5 T 5 R R K 45
0.3 g, 25 mL BRI, I 75% M B v A
BEZI AL 30 min, FE, 2=,
75% FPBE AD 2 ek K HE A, A L B AR g (0. 22
pm) |, BVt 3 R
1.2.5  @iEsf

{03 HE ; Agilent HC-C g (4.6 mm X250 mm,
5 wm) ;BN 0. 1% RR/KER(A),ZIE(B),
BB EE VR A IR 25 °C, i 1.0 mL/min , A8 0 3
£ 280 nm, PR R 10 [T e F.0~8 min,
10% ~ 15% B;8 ~ 15 min, 15% ~21% B; 15 ~ 30
min,21% B; 30 ~ 40 min, 21% ~ 30% B; 40 ~ 50
min,30% ~60% B;50~65 min,60% ~75% B ;65 ~
70 min,75% ~95% B'"*',
1.2.6 8 FbEY & EIE

Fi 12,5 Z5 00 0 A DU AL 3 3 0 A
10 L, X B S VREAE 5 L, THEE RS
1.2.7  ikegEEsg

FEZrh 8 ML AP HI E Dy i B E A R
SCHR[ 120 2, SCHk B ST 7 ik 2 5 @ T )
S0 I 22 7 vk SOk VAR AR TR
1.2.8 JHiESH

FEL I 257 B U5 (EST) 3 B b kLR 35 V5 IE 55
HLETE S~ 3 000 V7B 2 400 VIR 150 °C;
FEFNZNAS IR 300 °C 3 300 L/h,

2 HR51R
2.1 KERETE A YRR A
2 LE R AR JC TR 25 i AR T BRI B i

BRI 10 CFU/ g, 5 i B A 13K R e A
(1 g) PTTH (10 g) | it BB £ 5 22 BH 2 1
(1), KIFHI 10 HEPHST AR B B AL R
PIASRIT AT 25 HUHLE BRI s RIS v il K T
J& 10 PSR EY B EOLER 1 AT H
HH AR TR A T R IR BRSO T A A Y
Fia G ILRE | 45 R 3R WG iy il K B RE S A 2K
FEARFTZ 25 Sl A WU BREE K 3K B4 5 24 LKL

FE KRR
x1 WAEYRER A
Tab.1 Microbial limits checks (CFU/g)
1 4.0 — <10 — 10
2 5.0 — <10 — 20
3 2.0 — <10 — 40
4 2.4 — <10 — 10
5 3.6 — <10 — 30
6 1.8 — <10 — 50
7 4.1 — <10 — 80
8 2.9 — <10 — 38
9 2.6 — <10 — 40
10 3.0 — <10 — 60
KKE  Anrit — <10 — RAlit

2.2 P8 FLEY S E

BEET =R KR 10 PS8 BT R 2
FFS MR SY &R A SRR ILE 2,
S1'~S10" A FFZ K # F 10 AN, S1 ~S10 NS
ZK G 10 #EEES

R2 KEHIEITZ 8 Mgl &

Tab.2 Contents of 8 tested ingredients of Salvia miltiorrhiza before and after sterilization (%)
FE R IR SRR PR B —ESEE ] RIS W1 FIEWmIA AEE
S1’ 0. 041 0. 141 0. 191 3.230 0. 194 0. 165 0. 103 0.192 4.257
S1 0.039 0. 136 0. 188 3.102 0. 205 0. 186 0.239 0. 204 4.299
S2' 0. 040 0. 141 0.192 3.262 0.130 0.119 0. 147 0.128 4. 159
S2 0. 039 0. 143 0.200 3.289 0. 145 0.131 0. 165 0. 136 4.248
83’ 0. 027 0.119 0.158 2.434 0. 086 0.072 0. 085 0.075 3.057
S3 0. 028 0. 126 0. 167 2.659 0. 082 0. 066 0. 084 0.070 3.282
sS4’ 0.033 0. 106 0. 137 2.159 0. 067 0. 058 0.073 0. 059 2. 693
S4 0. 035 0. 105 0. 142 2.223 0.071 0.061 0.074 0. 064 2.774
S5’ 0.035 0. 136 0. 196 3.041 0.189 0. 184 0.229 0. 191 4.202
S5 0. 036 0.134 0.200 3.017 0.208 0.199 0. 260 0.212 4. 265
S6’ 0. 032 0. 135 0.199 3.063 0. 142 0. 130 0.162 0. 143 4. 006
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FE 5% HREFR  KER FHBR B &SI RIS T FFSWIA &S
S6 0. 033 0. 136 0. 199 3.071 0. 169 0.138 0.174 0. 153 4.072
s7' 0.051 0.125 0.175 2.793 0.123 0.112 0.138 0.122 3.639
S7 0. 025 0.127 0.178 2. 831 0. 126 0.110 0.137 0.119 3.652
s’ 0.019 0.120 0.163 2.583 0.083 0.074 0.088 0.078 3.207
S8 0. 033 0. 126 0. 161 2.622 0. 083 0.072 0. 084 0.076 3.259
S9’ 0. 033 0.132 0.197 2. 965 0.220 0. 194 0. 250 0.211 4.203
S9 0. 035 0. 137 0. 120 3.076 0.220 0. 189 0.241 0.210 4.229
S10’ 0. 040 0.114 0. 161 2.433 0.111 0.103 0.122 0.108 3.191
S10 0.029 0.126 0.172 2.559 0.122 0.103 0.119 0.115 3.346

2.3 DPPH- AL PRI E 25 %
2.3.1  FEEHA 8 ML G YRR DPPH - B4
tarills

ZHRBRA SR AE S Oy RS AR | 2
2yF R W 0.6.0.36.0.3.,0. 18 mg/mL f
75% H BEA TR, TESAMNER 517 nm FEFE §
LA TR S R BRIV 2 IV TR O B g
MR E 3 ZAL, LA R BCF-HE R v 1R
ARG A DPPH - WL, 25 VAR I W
FHIEK R AR S, iR 38 =X (1) I3 A R
FEIGBRA BRI 3,

DPPH - iHERFE(%) = [1 - (A} = Ay)/A;] x 100% (1)
o, Ay RE X B VR WG BE (B A, A R O TR B
{84, N2 FARBBOLIEE
F3  KEHIE 10 PSS DPPH-iEER R
Tab.3 DPPH-clearance rate of 10 batches of Salvia

miltiorrhiza samples before and after sterilization (%)

JRRMEIIZ U E Y 220 | B2 12

il 1 FHZEE A WO R T DPPH - X

JC DPPH - Jr ek 1 .

2.3.2 HPLC ik

Pra Lo

HE 2

PARE=

L2 8 MiLaY T DPPH-

POk BE 12 mg/mlL PSR B BERS 4

5 KEAT xS KEJG xS || #15  KEHT 2 KEJS xS
1 83.12+1.02 83.70+1.09 81.90£1.58 83.10+1.20
2 82.30£1.46 83.80+0.78|| 7  80.30x1.17 81.20x1.99
3 80.80£0.91 81.01+1.55| 8  80.61x1.48 81.30=1.76
4 77.39x1.04 79.02£1.01| 9  81.40£1.18 82.03x1.69
5 81.30£1.26 82.80+1.56|| 10  77.81+1.60 80.00<1.16

R T — SRR S i DPPH - B A4k
iﬁﬁﬁ@ﬂc“b&é} HAR LS 8 R &Y Ak

U A A PRI E RS R R KRR

FHR B ASIEE | BGPTSR SIS T S

Z LA 8 FhoxS B 23 ) T e

R PR R 21

R EEAIR KR TR

Tk

L FP DAy i 325 A > S 53 PR

R
0.06.0. 036 .0. 024 0. 018 pg/mL, LLAE i ik B 0l
TEAME 1S 2 O R RS
2 B ) DPPH - Hi & 4k
1C,, 85 43 %1 9 0.091 0. 025, 0.030.0.028
pmoL/L, 4 FKEPEPFS A0 A W T A AT K/
B> HR>FHSE 4 Fh

mg/mL DPPH VBN 20 min 17 1.2.5 {01 2%
PRI RORAR TS SGHATINE o PESFE M O
20 min FifJ5 HPLC & LI 15 MR 4% 0 1 AR A8 b 1
RN R R 4 4 FOKIBERS S

=zl

"""" 16 24 32 40 '4'8' 756 64 T2

t/min
1 PS5 2. 0B HR ;3. 5 58 4. TR B;
5. 252 1 6. 8PS 7.0 HBE 1 ;8. S 1A
1 FESHEMS RN 20 min {5 HPLC 3% EIX) L

Fig.1 Comparison of HPLC chromatograms before and

DPPH avaiig

| DPPH - FRLIR

after the reaction 20 min of Salvia miltiorrhiza samples

R4 ISR RO 0 T R A e S A
Tab.4 Changes in peak area and reaction rate of

Salvia miltiorrhiza sample before and after reaction

SN ]

VA:(] - o VeV
e f;i%ﬂg 20 min 5 65 minJ5 2k EL%}:
T gm0 ¢
PS5 48 217 0 0 48217 100
HIEAIR 237 321 0 0 237321 100
e 249 210 0 0 249210 100
FHBR B 2 998 364 0 0 2998364 100
ZESIEER T 342345 390 824 353 164 RS 0
SR
— 1019508 1020772 1020 880 I 0
F5 1 R
FIBEII A 932024 924546 917 378 ARJUM 0
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FERTERAE 222 BE L5 VA RN (e T K B X 2 o 4 5

13

WIEFIR EHR FHRIR B YR 100%,
DPPH - HT A AL TG 5% s 4 PG M B2 — &t
S 1 N 20 min J5 TGN T 48479, Fr k
W WU KRR R BT B 241,290 nm AE S 244
288 nm, A] GEA HLAl S N =) S A ST 1k
T8, RIS A PSR T 5% g m A
AN, BN B[R] 3 i1 22 65 min B, 45 0 [T FRL
AN AN AR S R A RO, 3 Ak A& T
Pt DPPH - HUAALIE VL FEST0 1T A S0 i 06 1T R
Wb BUERTE AR B X 5SS 8 Mk
Yretk DPPH - P A b iE P45 A — 2L,

2.4 MTT LD 2 KEHT G FHS A HSC-T6 4

A6 %
2.4.1  HRESVEWRH

FEEFREL 1 g PESFES, A 20 155 KW
R HEE 30 min, 1EUE UL VER R OR T8, ok
i i B e FE K YR S 2 000, 1 000, 500, 250, 125
g/ mL R S AT

2.4.2 AR R E
B F % FoA: K B9 HSC-T6 41 i £ i

AH

A 96 fLARH, 37 CHFRF I A 5% CO, HiFf
24 h ENMIERE . 43 FI I 100 wL i 5 A

AR 2 2520, %) B2 45 FL A 100

L

BB IR, A2 6 B AL, R MTT

Py = =3

U AE DK 450 nm R E 1R I A 0 O BE

OD

{6, 5280 H A 3 W, 4% F 914 03R40 i A 37 ¢

RGR,
RGR(%) = [ (424 ¥ oD 1)/
(XFBEZH -2 OD ) ] x 100%

(2)

KOV G AS [ e B PE S0 s WA T
HSC-T6 4iififl 24 .48 .72 h J& , 4 M A7 T RBE & 24
Py v AT T 2 B s P ) TR TS 4
FEIERIRT 50% , KA 7S FE 5T

JC HSC-T6 4ifidet, &5 W% 5. KEwIG

24|

48 72 h INAHIR) 25 259k BE T 4l ILAF 06 R 48 1 K,

WL EEZER(P>0.05),

RS KEAEAFESZRET HSC-T6 4HAEAFIE R

Tab.5 Survival rate of HSC-T6 cells at different concentrations before and after sterilization

BT/ (g mL™) KR/ e 24 h(%£S)/% P 48 h(x+S)/% P 72 h(x£S)/% P
D1 0) 74.3+3.3 60. 6+2. 8 58.6+0. 8
2 000 - 0. 958 0. 300 0. 063
K g 73.3+3.4 59.1+1.8 58.0+2. 4
K AEHT 81.5+2.7 82.7+6. 1 75.9+1. 1
1 000 - 0. 861 0. 529 0. 187
K g 82.8+2.9 83.6+4.5 76.8+3.6
KA HT 87.9+2.3 85.6+1.7 87.1+2. 1
500 - 0.972 0. 636 0. 403
K g 89. 6+2.2 86.4+1.4 86.4+3. 4
KA HT 92.1+2.2 91.4+1.1 91.5+1.7
250 - 0.787 0. 447 0. 833
K g 91.2+1.9 92.1+0. 8 92.4£1.6
KA HT 98.0+1.5 96. 420. 6 96.2+1.5
125 - 0. 807 0. 164 0.781
K5 98.2+1.8 96.9+1.6 96.0+1.7
2.5 IRLUEESHT Y
% —n F—- S 22 o S SEAT o [s1ias)
FAER B T LA BT IS B9 10 #EPH2 L = .

VSR, 3% 1. 2.5 ik e BE A  S A h 2
T SCE TS A BB P R SR (2012 W) 7, LUK
A 10 #EPFSHE 5 AR O B R S REAE D 2 IR E
SN HPLC 48 80 S b B8 2o &3 ik
B 1S At o 8 AN IR 5 P42 8
Xt Lt P o P B i R e A 8 4 MR AT 0 K A —
R 2, KEFE 10 K% 5 K 5 R B
TERARRUE Y KT 0.9, IS RERE .,
2.6 FFZ 15 D IAT IR S0 B A5 AR A

A3 SIS FHIE B 7 A B AR, PESEE LR
P12 8 Pt ISR 1. 2.5 S ERE 0 M, R
LC-MS AP HE S 15 /> A5 06 iy X 1z 79

158 /mv
NG

DB NGO

e |
8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72
t/min

$8(15)
s7(15)

L. [ssas)
_ |ssas)

54(15)

<. |s3as)
. [s205)

s1(15)

LIPS % 2 KT 3 5 50 54 FHIR B;5.PHIAH E;

6. SRR TG ;7. SRR W B ;8 FH IR F;9. —~FAHZ1 |
10.1,2- SRS ; 11 RIS 1204500 T
13.1,2- AP S0 14. 2GS 157 S A
S1~S10: KI5 Pl ; S11 - KT it B P i
B2 KEHEFHSHE80EE
Fig.2 Fingerprint of Salvia miltiorrhiza before and

after sterilization
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P25 RGP 2 A 2 By 2% 9 2 115 B LA
LA T g S5 R AR AL A S 251 9145 8 A
Xt B AR AR A B AT L, e A B B A
AFHHIN 1~ 8 F A I K PP B R et
Yy, IEBF RN 9 ~ 15 53 W Ry S 26
G BER IR 6, G TR LA 3,
R6 S 15 NIRRT
Tab.6 Spectromelry analysis of 15 common peaks of

Salvia miltiorrhiza

T AHAS
35 Ew BiE, AFl 4 F MS(m/z)
min Fia
1 PAE 3 4.84 CoHj 05 198.2 197.0[M-H]~

2 LR 27.09 CgHicOg 360.3 359.1[M-H]~
3 SRR 29.48 CyH,0p, 5385 537.0[M-H]~
4 FHEAR B 36.32 CyHyOy 718.6  717.1[M-H]~
5 FHHIR E 39.70 C3Hy 0, 718.6 717.1[M-H]~
6 EWRMWEE  46.44 CxHy0, 5525 551.0[M-H]-
7 FHER R 51.19 CyuHgOs 3384 337.1[M-H]~
8 FHGTR F 53.90 CH,O06 314.3 313.0[M-H]*
9 AEJSIBE1 56.08 CgHuO0; 278.3 279.0[M+H]™
10 1,2-L5B200 5810 CuHgO; 2943 295 1[M+H]*
11 SR 60.74 CiHyO5 296.4 297 1[M+H]"
12 FHEHR 1 61.97 CiH,0; 276.3 277.0[M+H]*
13 12-"4%M2M .51 CgH,03 2783 279.0[ M+H]*
14 EESSHM 66.05 CHyO, 280.4 281.0[M-H]~
15 FZBEIA 6775 CpHgOs 2943 295 1[M+H]*

1001 4 1001 |
< % ‘ | < 5O |
8 8
#® 60f = 60 |
*g ao0f | g 40F
E 20t | Z 20}
oLl | P 0 N Ly
4 12 20 28 36 44 52 60 68 4 12 20 28 36 44 52 60 68
] /min B ] /min
1001 ; 00r 4
g 80 § 80 |
# o) | ||
= 40} 2 a0f .
z | kS -
20 [, 200 "
YRS [ VO | W S SN , Ll
0 e oL i Aao b B i
412 20 28 36 44 52 60 68 412 20 28 36 44 52 60 68
B /min B[] /min

a. F+S % I
cJFBHES

2o

BT ;b2 0 B IE B T
TS T SR IE B T
B3 s TRE
Fig.3 Ion flow diagram of mass spectrum

2.7 S5
2.7.1 ¢ K4t

KEHTE 10 #trr2 8 Mo & B
) DPPH - HBRR 52 ¢« K g3 #r, ¥ 00 B 3
P22 (P>0.05) S50 LEE 7,

o0

RT L KRIHTER
Tab.7 Analysis table of ¢ test

[EZN Kby (%+8)/% P
KB 0.351x0. 008
S - 0. 181
NER KW a 0.332+0. 004
KA 0. 126+0. 011
IR 0.374
LTI KW Ja 0.129+0. 010
KB 0. 17620. 212
i - 0.709
R KW a 0. 172+0. 265
SR B KT 2.796+0. 377 052
K5 2.844+0. 324 )
B | KA 0. 134£0. 517 0,604
—EE K5 0. 1430. 556 :
KT 0. 121+0. 474
IR L 0. 648
S KW Ja 0. 126+0. 522
KV 0. 139:0. 060
Z i " 0. 441
SEL L KJa 0.157+0. 070
FBE T A K i 0. 130£0. 053 0,746
= KI5 0. 135+0. 057 :
A KB [T 3. 661+0. 580
JESaiy ITH” * 0.816
KJa 3.742+0. 551
DPPH - 5% PAI) 80. 69+1.833 0.922
p KEG 81.79+1. 583 .
2.7.2 BB

PR TERTE 10 #iEF12 15 Fiik & 9 g ik
T R >k T SPSS B pn e AL Ab B/ & A
OriginPro 2022 i’}(ﬁ:, VLS 24948 Ry 8 45 , Euclidean
FRES I RE AT R GE RIS M, Az R 2 73 B
B AR LI 4, 10 DARRHER S FSHE AR A
[F) o B 22 S0 R 3 2K, 58 1.5.9 S A
BN—R 2. 7.6 MIISHEARA I, 53,
4 8,10 HABHAEAR Jy—3&, i) —HEUHE KT
HE IR —2, R UIBE I m iR KR 52
M B E

e R
S8’ 1.06
| s8 0270
3 g
o Mo
s -2.88
s6’
-
| S5’
9’
9
| s5
S
HRESSEESB~<—-BEZIE
HH L
BRI A IS r R
W 2 ®il®W =
R e e
-

4 RITHTIE

Fig.4 Heat map of cluster analysis
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JEB AT Y LR G VP BRI

e L K RN 2 o B R 15

2.7.3  OPLS-DA 437

Jg T A H X Ay 10 A FHER S 2 8
Z SRR EY, R OPLS-DA kit iagh 4
SRR O v O SR AR R I T
23 ), fff 2 B 2 R EICHE 1) [ A i X 55 A0 R A PR AR
Y Z R 2 R AR, SE RO Y 2SR
R RSB Y AR R R Y B KR
10 P+ 504 5 A SICMA k{4, # 4T OPLS-DA
A3HT, FBOR A A3 T RN AR i E BB (vIP) fE L
Kl 5.6, 7RIS & B B Y 3 42k,
EIRBTEE R VIP>1 B9 STk R K
A LAAE R DX A3 AN [ PH 2 (0 48 A i i 43, 45 7
1% R > PHB R B> FHS e R > P20 1 > Bt
SHA>FHR TR F>FHSE T A> S50 1

A

3 W1
2 A =
1 ssrss, sq 0695

a 0 IM ol

= -1 4@ 53 @s10' 55.‘SS’

-2 @s10 59@ 501

_3F

_4 PSR (O S e,

-10-8 -6 -4 -2 0 2 4 6 8
t[1]

R2X[1]-0.683 R2X[2]-0.0888 Ellipse: Hotelling's T2(95%)

B5 PLS-DA 343K
Fig.5 PLS-DA Score chart

ESE-BEL-~-BEEBEZE N
EZEEQEZEOE RO E R
gEEegozERazwnBox
R Q=8 @mw HERD
® = ® 1] ® ®
g "o
= a
Var ID —

6  OPLS-DA SHHiAIel i VIP i
Fig.6 OPLS-DA analyzed VIP values of

different components

2.7.4  EHCCRNHT

L 10 A8 S Eg 15 Aoy i iy T AL
H75 5 X, 5 HX R 8 DPPH - 15 BR RN A/ Y,
T A SIMCA-P 14. 1 #AFr  AF w5/ N =3 111 5 53
BT (PLS-DA) , T bRk [l )5 R FOR A i T ik
B vip (Y, 215 2 BOR IE R A AR B
PRI AR 5t 52 0EAH DG, [T E R E5CH B B 52 A G, P
SR REFR  EER SHRIR B SRR E 5
TR EE SHSRR WS PR F LRSS SR

5P S ARG TR DG, i 7 B, B
S R S BN, PF S PR TS TR
VIP (B R BN T A 2 3% 5 1R > PR IR B> %%
RS> PR IR F> 48 R H S > FF S 0 W R > P
iz B> 2R > KESH S, Kbk k&R T
B2 B A HIR SR F X 4 Sy viP>1, 0L
K8, SH AL PEERIEAI DG, PLS-DA i 5
N 15 Rz o bt SR T R/ 2.3.1
FH& 8 Fi L& Wk DPPH - BT 8415 M 30 5L
K- S RERR PR B KRR SR
2 F Al 4E £ P2 DPPH - Hi AL T M i B
Y Saw 0 TR H BRSS! FH NMR 204 J L
AR AR LA R AR S DPPH - )i 1Y
Wk I 7=, A 1) A SRR R 25 4, X R LAR &
PUAMALEE th T B R4S M 5 5k 1 S AL I i
B ATREEAL , PSR Ay o R & A 1~
4 X RR BRI LS AL, X & B AT DPPH - HT Ak I
PESR A ZE A LR FE2 PR IA PE L4 DPPH - H14R
PTG A .25, 5 FLAh i v SRR TR AS RE Bl SR Ak 1t
A A HIEAE,

|
|

WEEECEEL—EE—E B <
YRR T EQOOEG R 2
RYHEEgeRoazs 008
2 gy mmmmwm%
KR ®E &
1 &

Var ID -

B7 F+Z 15 A g e R
Fig.7 15 peak-partial least squares regression

coefficients of Salvia miltiorrhiza

EEBEE - FE-EEZNEE
mﬁw%ﬁﬂﬁwﬁ&a—ﬁ«\\«\\#
HEsxER Oz ggER=
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Fig.8 Variable importance( VIP) values of 15

common peak of Salvia miltiorrhiza
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ETSHBERERARZMEFSBIEEELZGIHLEY

S, 6T FW IR LA REHE
(1R R 2R 25240 TR FBM 450056 ;2. 701 e P B 24 K450 = [ I8 = B IR Bl i R A3 4500565
3R R RIS S RAIESRIT, TR M 510632)

FEEE X8 S0 P R SR P R A DL G (VOCs ) JEAT RE VEE Sk A, WF 52 i R0 % 0 VOCs IR B4k B A fild
TR S PERER VOCs . NS 3 BT AL ( GC-MS) Kl 360 1152 10 1S, VOCs B i, 45 134 AR R IR |
176 2 il (835 F1 50 24 FUIR R B % . B2 RAE 3 AFATRELL B 1 A>3 I IREERE . X e i 3] 1) #2 % 1 AL
(VOCs) #EA 752 B 4T, B Al Mann-Whitney U 4650 11 15 58 fi fe /I — F% 21 531 43 ( OPLS-DA ) B 70 7 8 14 8 o il 9t £
HOFAFAEE VOCs A MI-2- T4 2K | 1,2- @ ke =& s 4-F 3-2- 0 3-H 3L e  IE R M ZE . BRI G
HUERR B RS ERE | R BB R P53 R 95. 419% 95. 15% \93. 99% F1 96. 67% ,F1 534K 94. 51% 12 Wik Re 4y, 4% I,
DAL 8 Flt VOCs P A Ay il FE 3 B SARAE M VOCs , Sk il - S 301 A8 W41 (36 ) 50 S R i

SKERIA R 5 B I AL ; VOCs s FRIEME s il s IS

FESHES 0657  XEAFIEE.A X EHS:0258-3283(2024)06-0017-09

DOI: 10.13822/j.cnki.hxsj.2023.0812

Application of Gas Chromatography-Mass Spectrometry ( GC-MS ) on Characteristic Breath Volatile Organic
Compounds of Lung Cancer LV Wei', SHI Wen-min', YIN Yi*, WANG Xiang-qi*, FENG Wei-sheng' , ZHANG Zhi-juan*'"
(1.College of Pharmacy,Henan University of Traditional Chinese Medicine ,Zhengzhou 450056, China ;2. Department of Oncology,
The Third Affiliated Hospital of Henan University of Chinese Medicine ,Zhengzhou 450056, China;3.Institute of Mass Spectrome-
ter and Atmospheric Environment, Jinan University , Guangzhou 510632, China)

Abstract: The volatile organic compounds ( VOCs) in the exhaled breath of lung cancer patients were analyzed, and the
concentration changes of sampled VOCs were evaluated.Finally, the characteristic VOCs of lung cancer were screened out.A total
of 360 subjects were analyzed using gas chromatography-mass spectrometry ( GC-MS) ,including 134 healthy individuals, 176 lung
cancer patients and 50 breast cancer patients. Three parallel samples and one indoor air sample were collected for each subject.
Volatile organic compounds ( VOCs) were quantitatively analyzed.Furthermore, 8 potential characteristic VOCs for lung cancer
patients were screen out by using orthogonal partial least-squares discrimination analysis ( OPLS-DA) model combined with
Mann-Whitney test, including cis-2-butene, benzene, 1, 2-dichloropropane, trichloroethylene, 4-methyl-2-pentanone, 3-
methylheptane ,n-octane and naphthalene.In addition, the diagnostic accuracy, precision, sensitivity and specificity were 95.41% ,
95.15% ,93.99% , and 96. 67% , respectively, while the F1 ratio was 94.51%. In conclusion, these 8 VOCs can be taken as
characteristic breath VOCs of lung cancer patients , providing new ideas and methods for early respiratory diagnosis of lung cancer.

Key words: gas chromatography-mass spectrometry ; VOCs ; characteristic ; lung cancer; breath
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1R TCHR S 528 U A3 250R0 7 400 il e A 00 5 A 3
TEJEBE,

PTAFR P2 Bt TR PE R 5 1
SR T A AR 1 P R v S A TR A
iR S A S5 A U N A2 O . AR -
JIE % (Gas chromatography-mass spectrometry
GC-MS) VE AL BRI & A HLYI ( Volatile organic
compounds, VOCs ) 7M1 L TEIFS VOCs bri&¥
i ST A B ] B AR R, FLTE 1985 4R,
Gordon 5517 YR F AU € 135 -0 35 125 o il 8 £
HIESh VOCs #EAT 7RI 20 B, 51 & 1T AATTXF
IS VOCs TSR R o AR 55
J GC-MS WFFE T IF-H < VOCs X 50 %/ AR A #E
SR/ GRS T A TN A (B, K BLER N | 3-H
FEPE AN 2R AT AIAE R DX o3 il 5 R/ 8 0
fiEPE VOCs, Zou 45 5 Sk BUKE HIL s 5532 1 0
SOMHTRRES G EAR REAS DX 3 il AR Mg RS
JEFWMER RT3k 93% , 4 r A2 4F R T TD-
GC-MS HR5¢ 79 4 ilifis 35 H1 101 £ fEHGE I
Rl 5] 10 A0 e AE M VOCs, A5 A0 o 4 26
96.25% . SAIN, fitfe M AR AEAE VOCs 1970 B Al
Wit A7 5 A /NS BA B B4 D 2R 2 DI AH
O, ST B BIFTE I 2 R B Xk R it s i
BT T AR e = i - b o AR AR
PE VOCs 11 i 26 F1 % L, 7] BE 5 20— S8 K¢ AE
VOCs i B PHPE Y 45

LTI, AS W5 K L BB PRS- £ 3% -5
I 12 (TD-GC-MS) % Jifi g8 £ & 1 < VOCs
HEFT S Mg A3 A, I3 it 5 LR s S R f
XN VOCs UL, 32 TG T2 9 07 i 058
i S E A VOCs S ZUIRE B S dd BN Y
P VOCs 122 S e, i A il s A8 5 A I R AIE
P VOCs , iz LR 7 I RS (DT) (24 [l
JH(LR) S Hem f (SVM) FIANE DU (NB) 5
UEKLERFIENE VOCs B TR R I 78 H A TR AN
iR, RIS Wz T e 4 R ) L i A
i,

1 SEIRERSY
1.1 FZAUER 5]

BPG-9070A BUSX 448 ( b i —fERLA 4L
AR ) ; QP2020 NX I GC-MS 431 4% ( &
B B PR 7] ) 5 U-KORI-XR 25 $4i5 BF 42

(Y& [E Markes EFRABRAT) ;1 L Tedlar 43 (Kt
TEFRARAFA) .

AR A E(99. 999% ] T i AR AL
TP A RRATH)
1.2 WRxg554

AWFFET 2021 45 11 H £ 2023 45 7 H 7E30]
T 24 R 2 RN g v s 24 R A B o I e
JARHIEAT R AR SREAR 360 1], He A filios £ 3
176 i, FLARIE B 50 B, e AHE 134 1], LA
SRR RN R 1 B, 32008 70 R AR FE il
5 B AR B R AV B, e R
NZHARE - 200 A7 B S AU B AR A 12 A i i
BE AR >18 & HEBR BT FLA R |8 M
PRI , ANBEHCL A AR AR B0 6 AT A By B 2ok
LS A, AL R AN A AR &R
oS IR S R FLR I B, A IR A% | A i >
18 %, HEBRARE Qs £t B A 2H T A AT AT fii
BRI RPN .

K1 BHHEHARAT

Tab.1 Basic characteristics of participants

- f Xt I8 it £ FLARR A
- (n=134)  (n=176) (n=50)
Es % 23.12+4.67 62.03+9.70 52.48+10.70
HES/ %
% 33.33 55.70 N/A
% 66. 67 45.30 100. 00
HE/m 1.67+0.08  1.66=0.08  1.61=0.04
R/ kg 61.50+12.76 65.55+14.40 52.48+10.70

RESEH (kg-m™2) 21.78+3.20 23.63+4.55 23.10+3.54
IR

o UL N/A 15. 64 14. 00

2 RURHIR I N/A 8.38 16. 00
WA B/ %%

2 A 2.96 2.23 N/A

A 2.22 36.31 N/A

A S 94. 81 61.45 100. 00

1 :N/A ; Not applicable,
1.3 PARRNCRAE

I E AR SR T T 5 1 B () 64T, W HEBR &
PSR T5 G , SZ 1 L RAE ARG LA T ]

(1) RFEFT 8 h ASIHASI AR & HORFEI 25
AN A RARAC

(2) R A JF 05 AW B, SR AR 1P i R
15 min, fFBR PR 2036 3 51 /Y 5 0 0 T
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1 TRIEI 3 R RS 10 s (BRI TR RS
I — M R B S ARIR A 1 L Tedlar 487, 40
WA B R R EL R W Ik

(3) BAZHERE 3 D PATHE, B T HEE
RE AT, RIS SR AR PR AREAE 0 5

I AR 4R 52 JUR X 9 it 2 5, A o
FAAE 4 CHAE IR PR IR AR ROCORAT 72 2 h NIz ] 5k
%, 24 h WSEMT
1.4 AR

i GC-MS, fr (¥ HE A2 45 DB-1(60. 0 mx
0.25 mm x 1 pum) #1 Rt-Alumina BOND/Na,SO,
(30. 0 mx0. 32 mmx5 pm) , [A]EHEE D) E] R
Gt BERE C2 A1 C3 W AP Y 70 B . SRAE RO H
G R 4 S AT AR, GC-MS /Y 43 A
NG 2 BR

2 GC-MS Srhrft st
Tab.2 Operating conditions of analysis GC-MS

LR S8 B fE
A A%

GC /T 35 C4EHF 1 min

A THR AR Y 5 °C/min F+ % 100 °C
10 °C/min F+Z 190 °C ,4EFF 10 min
R EI(70 eV)

MS 434t PR 200 C
BRI 200 °C

1.5 HdEotr

K H GC-MS solution X FEAFEAH ) VOCs
AT HE AN &, X 360 SRR AEARFETT Mann-
Whitney 6255 (U 4556 ) LA K E 52 i e /> — 3 4] 31l
(OPLS-DA) 7347, 35 P<0. 05 DL R A8 1 £ 5%
FH ( Variable influence in projection, VIP) =1.5
(1) VOCs HFAENE VOCs , H5 I SREA 1 2 1 4
fiEPE VOCs 1532 60% (191 55 il 40% 1) 56 i
8 AN Rl RO BIL &2 ST B RL , o3 B LR Af 2 O
ESE R T St it — D IR E R R VOCs
X RS W RE . AR ORIk Y 5 B PR 2 R
245 (KEGG, http : //www. genome. jp/kege/ ) £ #&
JEXH L AT E PE VAl X P<0. 05 A9 Y Bt
FAAUBIETR KEGG 5 4R 73BT, ¥R 5T AR 7
AR R AR

2 H#BER5E
2.1 PRI RAEYE VOCs

W R AR B 10 fii 98 R0 3 L g S R i B X
HEAL I SR VOCs 54T GC-MS 4347, 1k 35 22

SAE%T log,FC>1 H. P<0. 05 KGR VOCs 22
Hl L i 1 Fras, B A LUE 4
VOCs 75 i £ 5 | L I8 A B CRE v 23 il &2
AR R AR PR BB VOCs #E A [R] A9 98
i £ R BT A — 2 25 5%
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Fig.1 Volcano map of VOCs in different populations
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OPLS-DA J&—F W B i 40 5] 43 Bt O vk, 1
R AE i [R5 5 T o 045 B, BT iz THRHE
VPR S A2 AT R I A5 A i BT R 2 i
it R AL B 1Y VOCs ¥ (5 B 57 OPLS-
DA R & 2 s, M 2a ATLLVE A
BE i 8 AEL IR OB IR VOCs A7
FS AN REM RAF, FE 95% 1) B 15 X (8] N
B 2255, BeAh, i 2b Fios  BERT R R
0 435114 0. 880 F1 0. 930, 7 B AR EU L4 1) 3 %,
S BT REBE T, [R] B IR0 A o A R R Ak
93% . K T i1 OPLS-DA 570 4 3 55 481 4, A<
FIAT T 200 R3S X E WA I0 560, & B R® A
Q* PR T AR, i 2¢ iR, UL SRS
A HEA BRI e AT g, Rkt
F OPLS-DA 4325 fdt Ffe A | Il 98 18 A 7L i oea
G AT X 57,
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Fig.2 OPLS-DA model for healthy participants,

lung cancer patients,and breast cancer patients

2.1.2 il RE AR RRIEE VOCs
Stk — A HR 5T M i BB 3 VRS Y R AE T

VOCs , F- TN 75 1y feit J5 Xk et 20 0 i 98 S8 35 19 VOCs
WREE A ST OPLS-DA #E A1 &l 3 firn, MIE 3a
AT LA Y i 96 5 5 FVEE BB (R S VOCs A7
EREES ANREMRI 7 5% EFX
] Y2 ) 22 55 0 St BeAh, A&l 3b Fiow , AL e
R* 1 Q 43512k 0. 870 F1 0. 863, F A5 1Y

FRG A R AT RERE T, (R E T00 A v i 2
ik 86.3%, N T Bijil OPLS-DA #5%1 H Bl it il &
ABFFEHAT T 200 R AE SCE A 50 5 1iE , & 30 RZ
Q> BT IR EE , A& 3¢ FiR , LR RUR
FEERA HEA R e tb T gk, T
OPLS-DA 432, it — 25 1), i 50 7 5 ik 45 K 1 A8
HE AL, VIP (ER A&, Al 3d 3R 3 R, 2
VIP=1.5 i, 3Lk i 8 Fh A7 78 I & 22 7 1Y
VOCs (P<0.05), HBL, x-2-T 4 28 1,2-—
At . = LK 4-H He-2- Il 3-F L ke | IE
S Jot N 28 T A S i g (9 SRR AE P VOCs, 5 fiF
VOCs 1)k FE AR A U B BRI 4 fios, Ho

IR 2R SR IR IE S B R B A il R R R
PR TR A-2- T (1, 2- A N bt 4- 1 JE-2-
TSGR 3-FH 3 8 e %) W 3 A il s AR A R SR B R
EFt,

= R?=0.870
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Fig.3 OPLS-DA model of healthy controls and

lung cancer patients

R3O MR RRE VOCs FRBHE

S

Tab.3 Characteristic breath VOCs metabolic information of lung cancer patients

5 VOCs CAS P1H AUC %/ (nmol-mol ™) SEXIME/ (nmol-mol™') FAAE/ (nmol-mol™')
1 R -2-TH  590-18-1 <0.001 *** 0.723 0. 401 0. 368 0.521 o
2 e 71-432 <0.001 **  0.741 0. 567 0. 587 0. 829 1
3 diss 110-62-3  <0.001 ™ 0.780 0.592 0.416 1.025 To
4 =R 75-09-2  <0.001***  0.802 0 0.434 0. 167 v
5 42 108-10-1 <0.001***  0.837 0.510 0. 451 0.531 o
6 2,3, 4-—HHBkE 589-81-1 <0.001*** 0.811 0.541 0. 480 0.569 o
7 IE3EhE 111-65-9  <0.001 *** 0.763 0. 666 0. 645 0.708 v
8 % 91-20-3  <0.001*** 0.706 0. 616 0. 605 0. 686 1

TE: s A RFGIF R 1)« 17 R SRR LUBOREE 1 ;2) < | 5 Rk JE AR LU R BE T e
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Fig.4 Differences in the concentration of eight characteristic breath VOCs of lung cancer patients and healthy control

2.1.3  FLAMEBCE T H AR VOCs FR1E

M 5a 0] LU HY LR FE A REREORE
AL R FE 25 TE 95% W B A5 X 0] Py 41 7] 22 5+
WA AP SRR R, bk, inf&l Sb s, B
H R F1Q* 4349 0. 910 F1 0. 864 , ¢ WA A4 Y
TR R AP AR RERE T, ()BT 1 v 2R
ik 86. 4%, &l Sc 45 H T 200 ¥R A XE A 16 56
WEEL, &3 R A1 Q° KT a5t , B OPLS-
DA BAIAAEAE L H A A R py e e v Al
M, N T LR A AR A R BRE X A, T
OPLS-DA R 51 jik AR X458 K B A8 205 B LA VIP
Bk, Qi 5d figk 4 iR, X4 VIP=1. 5 i,
LRI 8 PP AT B3 22 1 VOCs(P<0.05) . K
PEHE ST A9 OPLS-DA BRI 20 IE THE  1-CU 0 .
SAME R S | 4-H -2 A S g T AR
LRI A IEE VOCs, Horp 4-H1 -2 IR | 1F
ot R () Bsf A i 98 S5 2 R L B R TR e R
B, 3X 3 Al VOCs A7 1] RS2 il 48 A1 2L AR 98 2 A 1)
PRy, Horh 4-FR 30 G R 78 SR g 28 b TR R

RBUAUSE LT 107 1E 2= e M A 32 A LN
BF PRI TR,

-"; mBC

107  =mR?=0.910
= 0?=0.864

Compound1

S54d

Compound2

08270 02 04 06 08 10

1723 4 567 8 9
. HEHERT SRS RIS B34 HC e
BC . FLIRIE B b AT SR &] | R AT MR e R
Q* MBI AE F7 ;5 ¢.200 Y3 IS IEE] ;
dAFIENE VOCs 1 VIP (7R R SO XT R VOC Ik 4 PR
B 5 {@HZS5EMILEE B OPLS-DA #A1A
Fig.5 OPLS-DA model of healthy controls and

breast cancer patients

F4 LRI AFIE VOCs TLHE A"

Tab.4 Characteristic breath VOCs metabolic information of breast cancer patients

K VOCs CAS Pl AUC  Fi%/ (nmol -mol™!)  FXI{E/ (nmol -mol ™) HAAE/ (nmol -mol ') H4
1 I 74-85-1  <0.001*™  0.955 0.023 0. 089 1.670 12
2 ETHE 123-72-8  <0.001***  0.856 0. 603 0.478 0. 806 1o
3 1-C 4% 592-41-6  <0.001**  0.948 0.579 0.774 3.320 o
4 B 67-66-3  <0.001***  0.869 1.778 1.752 3.238 1
5 S 71-43-2  <0.001**  0.865 0. 544 0.548 0. 669 e
6 Y 110-62-3  <0.001™**  0.955 0. 630 0.598 0.765 12
7 A-HIE2%ET 108-10-1  <0.001***  0.859 0.510 0. 494 0.517 1o
8 1EEbE 111-659  <0.001***  0.995 0. 630 0. 630 0. 641 12

Ty s A BFGIF R 1) 7 SR LBIREE 1 Th;2) < |7 S ek B A LUk BE T e
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Fig.6 OPLS-DA model of lung cancer patients and

breast cancer patients

F5 RS SRR E T VOCs IRFAET

Tab.5 Characteristic breath VOCs between lung cancer patients and breast cancer patients

5 VOCs CAS PAE AUC P (nmol -mol ™) SFEI{E/ (nmol -mol ') FeKAE/ (nmol -mol ') e
1 M-2-T M 590-18-1 <0.001 *** 0.832 0. 405 0.368 0. 520 o
2 % 74-85-1 <0.001** 0.812 0.167 1. 630 7. 066 |2
3 Pk 74-98-6 <0.001 ** 0.882 1.475 0.771 1.111 12
4 1- )30 109-67-1 <0.001** 0.770 0.576 0. 420 1.585 T
5 1-C 0 592-41-6  <0.001*** 0.856 0 0.227 3.080 12
6 2,3 4=WHk  565-75-3 <0.001*** 0.822 0. 460 0. 440 0. 468 12
7 IE¥ELE 111-65-9 <0.001 *** 0.881 0. 643 0. 645 0.708 o
8 H 100-41-4  <0.001*** 0.918 1.307 1.330 1.955 12
9 W% % 106-423/108-38-3 <0.001 *** 0.915 1. 100 1.182 3.785 |2
10 AP 95-47-6 <0.001*** 0.911 0. 823 0. 865 2.231 12

TE: s AT RFGIFRG D) 17 SRR LB L Fh;2) < |7 53000 B8 A0 LR B T ke

2.2 filiEERIE VOCs AR 8

R E—T i 8 FREFAEE VOCs X fili e 1412 K7
870, VISl 98 R A O ok HH Y 8 FRARAE VOCs il
28 T T AL ( Area under the curve , AUC) N HEK 12
Wrfig 7, BAMS Bnss 3 AR 7 Fron, MF3 Al
DIE B —AEREME VOCs B9 P (E33/NT 0,001,
T i 98 £ R FRE R b R 3 2 1 25 Sk
H AUC ¥J7E 0. 7~0. 85 Z ], B & P AG 2 7
M., Wi 7 Bis 2 FAREEE VOCs B4 I A
HAUC 4 0. 929, B FFIE VOCs B34 TN, AUC Fifi
ZARK Y 8 FRAE VOCs BES R RIS HE AUC

5 0.981, H 95%E {5 XA (CI) 24 0. 952 ~0. 994,

=
=
T

v
]
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o
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o
=N
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Bl N TR R &R, Bk R 2 LR 2= >
AR BE AT as F ST ARG 3 T il R
FfgE R AHE 310 I SFEASH) OPLS-DA 155 #4 3%
Y 8 F VOCs S HZZ 1, 15 ] 6 #T58 X B ik LA
6 AR I i e R AR (RN 2 4 4 2
RISy ) HEST 4 Bl DL B HILAR 27 2 B . P S A
(DT) &L BHEEIE(LR) Bk S EEm & (SVM)
SEEEAVANR D2 (NB) Bk S B 1A Y 3
PG, BN DA 10 IR, R AR
SEUA Y UERH R L LA, Wk 6 Fis, LA
60% FIFEAR VEFT YN LRI, 4 FhAIL %8 2 > #5580 i) e
MW REE AR S Y& T 89%, Hh
SVM 2T Be ) e, FLMERf 32 5 3k 96. 28% , F1
IYEN 96. 08% , Y (1 HERA FE KGR A
BE (I FESER F1 B R A
.,

6 4 FHHLERE SRR SRR 1L WTRCR:

Tab.6 Diagnostic effects of four machine learning models

on training sets (%)
( ﬁ&) DT LR SVM NB
WERE  94.91x2.56  95.84+2.16  96.28+1.91  93.88+1.26
WEE 96.4123.04  95.78+2.61  97.81x1.79  95.54+1. 14
REE 92.78+5.82  95.37x1.29  94.44x1.75  89.69+2.22
PRt 97.64+1.83  97.12+1.45  98.51x1.26  96.98+0.73
F13%E  94.4122.71  95.56+1.73  96.08+0.96 92.51+1.25
HERAE (Accuracy) =
(TP + TN)/(TP + TN + FP + FN) (1)
K& WEBE (Precision) = TP/ (TP + FP) (2)
REF (Sensitivity) =
B (Recall) = TP/(TN + FP) (3)
Fi M (Specificity) = TN/ (TN + FP) (4)

F1 5340 ( Fl-score) =
[2 x (Precision X Recall) |/ (Precision + Recall) (5)

Hd TP FP TN Fl FN 43510 B BH M R B
PEFEBIERMBR EIM: . IR E T AL AR 2=
B AT AR 40% A S I 4 | X 32 103 2 15
S REAE ER A A TIOAIE , LA SR AN 7 B, i Y
4 BRIl > MR P 0 B RS TR R | R ORE R
SVEYE T 87% , H SVM B (2 Wi g 1 B 2
R B R ik 95. 41% , F1 4348l 94.51%,
PRI T 8 AV A Ml A A ) Y SVML MLt 2% )
BARYAE 52 IR 0 BB o R rh R TE K
WA

RT A FPHLES BRI AR 5912 W SCR

Tab.7 Diagnostic effects of four machine learning models

on test sets (%)
E i

() DT LR SVM NB
VERRRE  91.7243.89  93.03%2.45  95.41+1.17  92.62+2.56
KEHERE  92.64#4.09  91.56+6.87  95.15+3.09  94.73%3. 12
RIYE  87.41+7.76  92.69+2.79  93.99+2.61  87.71x1.77
BESE 94.8043.25  93.95+4.50  96.67+1.62  96.43+1.85
FI4ME  89.79£5.09 91.94+3.10 94.51+1.65 91.01+3.01

2.4 FHiE VOCs OfRlh&TR

R BRI EIE VOCs BRI S50 % 1%,
Hfiti B b BAT 135 22 519 VOCs (P<0. 05)
AT 22 Y KEGG B P E 1 738 [ 43
B, RN 15 A, an &l 8 Fnak 8 fiw, Hrp
P<0.05 HEFIEJGH) P {H FDR (False discovery rate)
/T 0.05 AEEEAT 4 45, AN RFN 2R A DU
RIS ZEF R AL (5 3R pas0 XF ok
TEHEZG AR

Metabolic pathways
Toluene and xylene degradation
Naphthalene and anthracene degradation
Metabolism of xenobiotics by cytochrome P450
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Butanoate metabolism !
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Glycerolipid metabolism 1
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Drug metabolism—cytochrome P450 Count
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Fig.8 KEGG enriched bubbles with significant
differences in VOCs in exhaled breath of lung
cancer patients
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Tab.8 Metabolic pathway information of characteristic

breath VOCs from lung cancer patients
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BFE PR TR, SR ek aw 2,3,4- =11
LB A e 8 Hh AR BE T e AT A
FREH T Z R HPE IR ( Polyunsaturated fatty
acids, PUFAs) iYL S8 AUIE T . IR Buid S AL 2 ALk
P05 00 F2 B AL AT BB EAE  RAE PN Y
EEFR

AFF 5% 2 I NG AT LG DX i A8 5 R £ e
B, ELYE B 28 PR vk B T v ) 2
MR pd50 ik A8 Ak 1Yk S5 AR B, p450 J2
Ji it AR R U G A ) , DR S it g 5 2 4 oA
FH LA AT PG ok 2 SO & 2 T s, 4-1
H-2- PR A Ry it AR B Z 0 A9 R R
JET R GRS, TR N A AL Bk S A&
WA J LAl o Rl I i YR B
AR pa50 X i e A AL Y B-2fii s i
Az T BOIRZS (AR AE S5 20 ) T, 8 11 B AR
o, S B A KT T

TEAWEFE A T 20 B 5 p450 XF A 1
AR E T, 4 5 R p450 7N TR RIS
PEY B2 A A AR, ok
2 B RA TG 2 2 WTRIIG R4 R W p450 7E%
E MTE I T A R i R AR AR
isie EEW R S WA B =R O,
Py Wl SR VRS A I g B 7S, B R B AR A IR B RE
RS UERA 28R =58 &0 5 Il 1) G (HL2 3K 1k
| BRIRE A 2 HLAA (TARC) W S T RE R ), HL
A LA/ B PR rh BB 8 5 | R il 2T 4k
Y ZBEREORIE T IRERSMAE M R A
TE—EMBEENE T, A W5 & B AR i 48 0 e B
ANBEP A 22 R R R T U 2
IRE A RS WA M 5 =R SR AL, 2%
BRI R AR S 5 Zou %7 1TFTT—
2, RIRE R BT H 2R R A R A, X R Qi s
BT MG HEREEW AW LI TR K
TR AR — FH 2 AR H A e AT AnT SCHR 4
T IX R A R R I O R R RS
FRZRE 1200 T R ORISR VR 1 S A 1
FER AR BTN H A o, Bl
T AR S . (HIX 28 E A
AR TS Y, Koureas 251" 8 3o X il He % R
PRI G R R e S SR P ) VOGs i
TR o T, R IS X IR AR L, 298 R L
I TR RAE s R B IR P R K
E T, HAR Wi abn S 2 3 1 B BE, A e

=L

3 #ig

ARG LT TD-GC-MS X} 176 44 Jifi i 5 3%
50 4% LI BB AN 134 424 il B HE B I 1 S 1A
HEATWF 5%, 18 3 OPLS-DA H A % Bl A 10 Fb
VOCs 7] LAIX 53 fitifiz FnZLARE , 4 8 FF VOCs AT LA
X3 it R T R B A, oA 3 Fh VOCs, B 4-
P -2 P3G | L Jot R0 A [ s+ 30 il 3 AR 2L
S R TR AT R R T R AT L A A AR R VOCs,
A 5 F VOCs A filiJi sl A 14k & P 3 i X -2-
Th R SR 2,3, 4= PR A2
UEAh, BT il A I Rh R I 8 R R AE M
VOCs #1371 SVM BYMLARS I IR FLERf BE A
WERE . R A AR S M Ay B ik B 95.41%
95. 15% .93.99%F1 96. 67% , AWF5E T T —Fh
IS VOCs F T JC A2 Wi i 98 1) 7 12, [R) s k5
FRBPERE I , i B T X 28 VOCs 1T BE 1 R IR A4t
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P VOCs i 2 Y HERf 1
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hBERR

ETHBME-MAERK PrEEAYHNEH KX ERUE
4 Bh Bt K B9 32 1

TGALAE HR M RaEE R ki TE XET
(LT AL TR A T2Eke 305 48 113001)

FEE R 3,3 M A(6-FR I H IR ) 40 (Na,H,L) R ELIR, 8 i K ik 5 Pr’ B A5 2 AN ECA P [ Pr(H,L), 5
(L)os(H,0),7,(1)F Pr(HL) (phen) (H,0)-2H,0(2) (phen=1, 104532 ML) , BL&H 1, H, L BB 714 DU 4 fid
T, 2 RIS TN A py-n' o' 17 30 P By T B 2 BRAREE M I L LY B T A M e B Ak , R 2 1 5 A
B BILh wy-m” oy R R ORE 4 2 b 3 A ARABIY Pr’* B A5 S AL 40 B L = 4 I 2% 254, L Schlafli 755 4y {47 -8%
[4°.6°-87} {47-6°},. TIA phen /3T, FLAY 2 28 R BURZZ5 Y phen 5 Pr B AL, HL /BN G B IR S Pr B,
Bl &9 1 F1 2 0 7E 638 i1 778 nm 652 Fi1 781 nm AbAT Pr* FOHRRIE TG & S | B € 9% 6 €0 B TR A €6 I B8 P, J2: 'S —
o A1 D, H, BEIGETEC, BCAW) 2 WPEEHREE R TROA Y 1, HFIEL0E 14 nm, I T phen YILHEIA R LK 5
Pr* ECALAEH

KB R T WAL R AW s = A5 DO T B O (A

FESHES.0614.33 XEARIRE A 3CER S :0258-3283(2024) 06-0026-07

DOI ; 10.13822/j.cnki. hxsj.2024.0041

Structures, Fluorescence Properties and Influence of Auxiliary Ligand on Pr Complexes Based on Carboxylate-Phenol
Ligand LUO Shi-chao ,PENG Qing-peng ,ZHANG Hong-tao ,LIU Chu-hu,JIANG Shang-kun, WANG Ying , GUAN Lei" ( School of
Petrochemical Engineering, Liaoning Petrochemical University , Fushun 113001, China)

Abstract: Two complexes [ Pr(H,L),s(L),s(H,0),],(1) and Pr(HL) (phen) (H,0)-2H,0(2) ( Na,H,L=3,3"-azobis ( 6-
hydroxybenzoic acid) disodium, phen= 1, 10-phenanthroline) were synthesized by hydrothermal reaction with Pr** using Na,H,L
as ligand.In complex 1,the H,L’” anions act as tetradentate ligands , which bind to Pr’* ions through two carboxylate groups in u,-
n' 9" coordination mode , forming a two-dimensional layered structure. Moreover, the L'™ anions serve as bridging ligands, which
connect the three adjacent Pr’* ions in two-dimensional layers via the carboxylate and phenol groups in w,-n” :n' and bridging
fashions , respectively , expanding into a three-dimensional network structure with the Schlifli symbol of {47-8%} {4°.6°-8%} {47 -
6} ,.The structure of complex 2 transforms into a mononuclear one by the introduction of phen molecules, where phen molecules
chelate with Pr** | while HL* anions act as monodentate ligands, coordinating with Pr**. Complexes 1 and 2 exhibited the
characteristic emissions of Pr’* at 638 and 778 nm,652 and 781 nm,which fall within the orange region of the CIE chromaticity
diagram , corresponding to 'S;—'I, and 'D,—’H, energy transitions, respectively. The fluorescence intensity of complex 2 was
higher than complex 1,and the main peak had red-shift of 14 nm, which was attributed to the conjugated system of phen and its
coordination with Pr’*.

Key words : praseodymium ion ; coordination polymer ; three-dimensional structure ; fluorescence ;auxiliary ligand
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AR OGRS a1 T ATz
S, DG & S mT R s R R e A R SRR
SUA A AR 22 U RAT VA ) N TR, B an e
S RE ARG | B2 R I il sk A H
I 56 M E 2B EME R 5 SR TR
W 2 X RORR AW, H ROk IR
FEALEEET AV ME RS T%, HAr,
ROCHLE YIRS 32 B4R i e o 8 4 J 5 - A
+e&EET L LU e EE T ETY,
T T B A% A L SE R A, — R
i+ B F IR SR IR . —LEfifk
12802 DRR I N2 5 VAR = € B 1 = e R [ L= K7 '
R FERE O — SRR NN RE 2 B s i B
FIPREE . HAET, BA YOCERE MR £
G R B DL R e Sl 1 S5 BIF 5 R 2 i Ut e T
FR 100 X T AR R Al B A AR - B A B P
PERE , J0HIE X TR M S5 A1- 1] WOG AT BE T 2
JRT 2 M A - T80 5 0 B G BRI [R) B — A
AU R 2

s LA P2 HE F 232 rhut 4 R B T
ARSI A R T 7 A EZE R R, AR
JIF TRV AR SRR - 5 i G AR 22 5 iR 1R
B U NN DAY= W 2 = S A W A e e
E L w-n' -t R,y NN s s £
ASIRIRFE A I R FR BT AE AL B AN R] 522 [E] 37 BHL
s, HBC A 7 IR BT AS[R], AT R SR A5 4 2
HECAY) . HAh, RIR I 5 4 )8 & F il f7 nl
T AN [R) B IR R 5 ¥ BT, A R0 AR 5 235 F R
MEALAYZEM $2 5 HAR BB W Es g e v, o)
HhTEJS AR R FEBCAR L as Infit B 35 ) Qs g |
e 3L A B R AL, AT DA w4 5 DA S 7
T, A A R E B R A
R, 4 AT DA e AR B0 G 1 4 8 s 1Y g =
L2 e g e L S K 110 o =
S W A W B9 O BT L) K RE B 5 A% 1)
FEATS TET I B R AR BR AR, B e B AR () S e [ 2R A1, T
R IEPR R KRS TS Y RIRIEE 5316
14 555 AF ELVE A5 B Rt A2 /N

ARG i KGRI Na,H, L A BLRS Pr™
A A E] T A Pr B AW [ Pr(H,L),,
(L),s(H,0), Jn Al Pr (HL) (phen) (H,0); -
2H,0, B phen RIS K B AT =4
SR Pr BCAL SR G W e 7S AR A A, X A

BB LU AR MR T T 3RAE , BEAh i 55
T 454845 phen 73T X UOE LSRRI

1 SEIRERSY
1.1 FEAER S

Apex- 11 CCD B B \f X5 28 A S (1 [
Bruker A1) ; 750 %! FT-IR S 4% (4 000 ~ 400
em™  KBr JE F, & Magna 23 ) ;2400 B0 K
SIHTAL TGA 7 BIFAEE 43 #74 (25~900 °C N, =,
i, 2 Perkin-Elmer 23 #]) ; F-4700 #5856 i
1 ( HA Hitachi A#])

SO T 24 RS SR A SE T R T A
PR e A BR 2 71 5 BT R 24 R o i
1.2 FEY1 BEK

# 0.035 g (0.1 mmol) Na,H,L Fll 0.044 g
(0.1 mmol) Pr(NO, ), -6H,0 RARTE 15 mL £ 5
Fokd  EEW FHHE 2 he RIS K W S 7
RV L0 AT 0 N 48 (20 mL) 1, 7E
120 CTHFmMA 3 d J5 , BB EE R, HH%6
Btk i, b RSOk 8 F 258 K RN 2 B
THUEEE T TR, 7% H 54%, TR,
Ciy Hys NyOgPr, SCE (FEAE),%: C 35.23
(35.15); H 2.78 (2.72); N 5.88 (5.86). IR
(KBr),v,em™':3 319(OH), 1 6451 6201 455
(C=0),1 571 (C=C),1 393 .1 357 (N=N),
1252, 1 167, 1130 (C—0), 860, 805, 701
(C—H),
1.3 a2 aE

# 0. 035 g(0. 1 mmol) Na,H,L.0.044 ¢(0.1
mmol ) Pr ( NO, ), - 6H,0 #1 0.020 g (0.1 mmol)
phen ERAE 15 mL %%?‘ﬂ(qj, =R T ik
2 h, SRIG RV TR BT A B DU S £ N e ) R
WA (20 mL) W1, £ 120 C RNk 3 d )5, 2108
eS| ERE S G KIS SURC SN NI SR S UE el
U8, A B TR BEE T R & TR =R
9 55%, JCEIMT, CoHyyN, O, Pr, SEIE (&
{8),%:C 41.88(41.80) ;H 4.00(3.89) ;N 7.57
(7.50), IR(KBr),v,em ':3 370( OH), 1 620,
15161 422 1 479(C=0),1 587(C=C) ,1 377,
1 338(N==N),1299.1248 1 185.1 138(C—O0),
918 .836.789 728 679(C—H) ,
1.4 @ ECA Y RS

1E296 K N, Be&4 1 F 2 B 45 Fy 3 i
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Bruker Apex- [l CCD 5 X-5 2 437 5 A2 47 DU gk

o AR Mo-K, S48, DL -0 AT W44 1

RAEEAE , I AT OO IE . R B SHELX it AN G LA
02—Prl—04 71.0(2) || 021 —Prl—07  67.0(2)

VR M 4 o N % [18,19] .

AL GLIE AT 205 fif A RS 12 y CCD? No.: 02—Prl—021  126.17(15)|| 04—Pr1—01 90. 4(2)
2323853,2324221, WCEY) 1 A2 19 i AR08 A 02—Prl—00041  73.4(2) | 00041 —pPri—01 82.0(2)
LERPRE RIS T3 1, 3 Bl K R fa 50 T 04—Pr1—06 70.5(3) || 04—pPri—01i  88.2(2)

2, 06—Pr1—021 107.6(3) || 0004i—Pr1—O11  72.0(2)
R1 EASY 1M 2 B 25 R ks 16 B 02—pPr1—00041  74.3(2) | 02—Pr1—031 149.6(3)
Tab.1 Crystal data and structural refinement data for 06—Pr1—07 74.4(3) || 06—Prl—01" 75.8(3)
complexes 1 and 2 02—Pr1—O01 67.8(2) || 07—pPr1—o1 i 146.9(2)
021 —pr1—01 66.0(2) || 04—Pr1—03 1 136.2(3)
Bl A4 1 fid A 2 ) ) )
02—Pr1—O1 fi 66.8(2) || 0004i—Pr1—031  77.3(3)
Chemical formula CratlaN20gPr CaHopNyO15Pr 021 —prl—011  137.2(2) || 04—Pr1—07 68.5(2)
M, 478.17 746. 44 O1—Prl—O1i  132.33(12)|[ 0004 | —Pr1—07 139.9(2)
. Monoclinic, Triclinic, 02—Pr1—06 126.2(3) || 06—Pr1—O01 146.6(3)
Crystal system, space group § )
C2/¢ P-1 04—Pr1—02 1 134.0(2) || 07—Pr1—01 73.2(3)
20.634(12),  8.987(2), 04—Prl—0004 1 143.8(2) || 021 —Pr1—031  50.3(2)
a,b,c/A 7.334(4), 10.001(2), 06—Pr1—0004 1 129.3(3) | 01—Pr1—03 1 116.0(2)
25.789(12)  17.415(4) 01l —pr—031  96.6(2) ||06—Pr1—031  68.7(3)
76.567(6), 02—Pr1—07 122.3(2) || 07—Pr1—03 i 85.8(3)
a,B,y/(°) 105.354(15)  87.094(7), Wi o H) 2
70.595(6) et ek | fe HK/nm
V/&3 3763(3) 1435.5(5) Prl—04 2.756(3) Prl—N3 2.914(3)
7 8 ) Pr1—09 2.906(3) Pr1—08 2.893(3)
Radiation type Mo-K, Mo-K, Prl—O111 2.977(3) Pr1—O011 2.861(3)
Pr1—07 2.745(3 Prl—N4 2.906(3
w/ (mm™") 2.63 1.77 ' (3) ' 3
Pr1—010 2.729(3)
No.of measured,independent and 8 943,4 382, 12 626,6 441, o - 0 -
observed [ I>20 (1) ] reflections 3672 6 175 ferit /) fesit . A/ )
04—Pr1—09 130.24(8) || 010—Pr1—O0111  124.24(8)
R 0.05 0. 039 )
04—Prl—O111  68.48(7) || 010—Pr1—07  128.03(10)
. g-1
(Sin0/A) o/ (A7) 0. 663 0.651 04—Pr1—O11  72.36(8) || 010—PrI—N3  70.26(9)
0.076,0.290, 0.039,0.117, P  pr—
ROF2>20(F2) | .wR(F?) .S " o 04—Pr1—N3 75.76(8) || 010—Pr1—08 68.79(9)
‘ ‘ 04—Pr1—08 133.19(8) || 010—Pr1—N4 106. 69(8)
No.of reflections 4382 6441 04—Prl1—N4 68.51(8) || N3—Pr1—O111  133.41(8)
No.of parameters 226 404 09—Pr1—O111  63.75(7) || 07—Prl1—O111  67.28(8)
No.of restraints 2 2 09—Pr1—N3 131.29(8) || NA—Pr1—N3 56.39(9)
Ao Ap. /(e-A) 5.73.-4.11  0.78.-0.79 09—Prl1—N4 158.77(8) || 07—Pr1—011 134.20(8)
% TO AW 1 2 B0 K AT f O011—Pr1—09 76.95(8) || NA—Prl—O111  128.70(8)
2 1 A1 2 |y 1 )
2 ! 011—Pr1—O111  66.92(8) | 07—Pr1—09 82.74(8)
Tab.2 lec I hs ¢ angles f
ab.2 Selected bond lengths and angles for O11—Prl—N3  74.58(8) || 08—Pri—N4  67.34(8)
complexes 1 and 2 07—Pr1—N3 143.72(9) || 08—Pr1—N3 92.24(8)
g7/ B 07—Pr1—08 71.78(9) || 07—Pr1—04 91.51(9)
{2 K /nm 2zt WK /nm 07—Prl—N4 87.34(9) || 08—Pr1—O111  134.08(7)
Prl—O01 2.528(6) Prl—03 | 2.611(7) 010—Prl—04 140.40(9) || 011—Pr1—N4 122.60(8)
S 2. 496(6) — 2. 482(6) 010—Pr1—09 66.23(8) || 08—Pr1—09 91.68(8)
010—Pr1—O011  79.42(9) || 011—Pr1—O08 148. 14(7)
Prl—02 2.404(6) Prl—06 2.517(9)
- 7 : Symmetry codes for complex 1:( 1 )—x+1/2,y+1/2,-z+1/
Prl—ot fi 2.562(6) Prl—07 2.555(7) N
) 2;(11)-x+1/2,y=1/2, -2+ 1/2; Symmetry code for complex 2:
Prl—0004 ! 2.523(7) (1)mxtl.oyt1,—z+1,
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2 Z#ER5iHE
2.1 BECAW 1 MRS

B XTSRRI B G 1 8 TR
RHRFR, C2/c 2 RE (K 1) o 1A AT FRES H 24
JTBEE 1A Prt 0.5 4 H,L7 0.5 4 LY fl 2 4
Fe Ko F (B 1a) . Prt @& LB, 00 5 2
ALY AR 3 MR AR T (02,021 FI
03) 2 B EE T (01 M o1M) 2 4 H,L»
Y 2 AN RIS R T (0004 FT 04) LUK 2 AN
BiK A B AR T (06 A1 O7) BLf, L r =
e = W A2 A R (K b)), Pr—O B K AE
2.404(6) ~2.611(7) A ZIa], 0—Pr—O 5 ffi 7F
50.3(2)°~149.6(3)°Z A (F£ 2) , X EEH(E 5
MR[ 20,21 ] 418 A9 HA Pr i & 4 09 B A,
H, L2 B AR g DU e i, 2 SRR LI LI p,-m' 2oy
M EGESE 2 A P’ H 2 NI R R T
A, ANS S5 (K Le) s L TR R 7S i B,
BRI L w,-n® 10 W 2GEHE 2 4 Prt B
SRR TSR 2 A P (B 1d) . H,LT
BCARI 2 AR IR HE 43 A AR AR 1Y 2 4> Pr™ [ JB
BT — AR ARG, OF B LT BOARAE o i i
BeiAcks — e 2 AR 3 4> Pri M B E B2 K 2
Fa ¥ R — A =AM 450 (K 1e) . AN, LA

BE1 (a)EAY 1 T4, (b) P (B 475
(¢) H, L7 FeAR e 72 (d) LY FeAR B e =
(e) =HE M4 4548

Fig.1 (a)Molecular structure of complex 1;

(b) coordination configuration of Pr** ; (¢) coordination
mode of H,L*” ligand; (d) coordination mode of

L* ligand; () three dimensional network structure

Y1 B =S5 Z R fE eV 2 A, L iy 12
FEFIR PR KL 2 W] 1Y 28 (O7—HTB---0004) |y #2
FERNECA K 53 Z 1] 1) 2 B (05—HS5---07) DL K&
BEASr 7K 43 FR R 3k 2 (8] 1 & 8 ( O7—HTB -+
0004) (£ 3) , i3 S0 SV AT A P 1 i AR 25 4 o
IS RE o SCHRARIE 2RI S5 44 1 BUR R FE AR A
ARG FUAECAL R AW, Be A R —Fh LA
X, H AR TR R — 4E S5, Mu
EPUR R WA L R 4,4 - 2K R
(H,oba) Lk J 1, 10-2F 3 % Wk ( phen) H AR, 5
CA* A5 T 1 ANECAL B AW [ Cd, (oba),
(phen), ], . CA1**F1 Cd2* #F5 3 4~ oba™ B9 5 4>
RIRFL AT .1 > phen B 2 A& F B AL,
£ oba® BC A Y, 2 AR R EE 4y HIR A w,-n® 1
- i TR 2 A ¢d® K[ Cd,(CO,), ]
RRLENHTE , FHAR IR 548 5Tl i oba™
B BN — 4 UL

MFEFN A BE S B, H, L TRk 5 4 A P i
B, AT 4-ZE 37 5 LY IR S 6 A Pri A,
AT 6-3 4571 1 B4 P A S ANk
HCECAL, ATk S-ZEB2 49 65, B AL R A
BA4,5,6- M4, N Schlafli 775
14784 14°.6°-8°} {476} (K 2),

TTrrRTeaaRaSsS

SN

2 AW 1 MRINES

Fig.2 Topological structure of complex 1

F3OMEW 2 MK R
Tab.3 Hydrogen bond lengths and angles of complexs 1 and 2

DA d(D—H)/d(H--A)/d(D---A)/ £ (DHA)/
A A A (°)
Fl e 1
05—H5---07 0. 820 2.517 3.120  131.30
05—H5-+-04 0.820 1.877 2,549  138.41
07—H7B---0004 0. 960 2.008 2,962 172.62
B&Y 2
09—H9A---04 1 0.870 1.820 2.685(4) 174.2

011—H11A---0131  0.870 1.920
011—H11B---012 0. 870 2. 080
012—HI2A---013  0.870 1.970

2.781(4) 170.7
2.824(4) 142.7
2.834(4) 171.7
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d(D—H)/d(H--A)/ d(D---A)/ £ (DHA)/
A A (®)

D—H--A

(=%
012—H12B---081  0.870 2. 000
013—H13A---05"  0.870 1. 880
013—H13B---03 0. 870 1.910

2.862(4) 170.5
2.740(4) 171.4
2.760(4) 164.7

07—H7A---0121 0.870 2.080 2.779(4) 136.5
07—H7B---02" 0.870 1.990  2.771(4) 149.6
010—H10A---031  0.870 1.900 2.772(4) 174.4
010—H10B---03"  0.870 1.920 2.780(4) 167.7
06—H6---05 0. 840 1.800 2.523(4) 142.8
08—H8B---09'l 0.870 2.010 2.800(4) 150.6

1 Symmetry codes for complex 2: ( i )-x+1,-y+1,-z+1;
(1) =a+1,=y,—z+1; (i) a=1,y,2; (IV ) x,y=1,2; ( V) x+1,y+1,
z3 (VD) a+1,y,z; (Vi) —x+2,—y+1,—z+1,

2.2 LAY 2 Mikss

BLEY 2 JmT =RHR R, P-1 ZSHBF(E 1),
A EXFRES M BT & A 1A P, 1 A HLT
&, 1 4 phen FCiA,5 ALK S TFH1 2 AN ES K
ST (B 3a) o PrR/NELALEY, 20515 HL FLAR
By 1 ANRIEEFE T (04) ,1 4> phen FLARAY 2 DA
JEF (N3 I N4) 5 NECALK 3 F 1 AR (07,
08.09.010 A1 O11) F 7, &+ i A e {7 #4784 ( 1&]
3b), Pr—O 8K AE2.729(3) ~2.977(3) A ZJH],
Pr—N K AE 2.906(3) ~2.914(3) A Z[i],0—
Pr—O FEFATE 63.75(7)°~ 148. 14 (7)° Z ] ( &
2), 5H A Pr B A Y HE 0y S A A
[N § VA 0 N RS ey ] LR IV - s W L S B
M (06) &1, 75 1 AN B (01) 2
BRI, A S 58, 1 DR AT
(04) 5 Pr*Fifr , R ARG ELA 75, phen 43 F
VE BRI S P B GO, Pr™ HAL Y AL
R G, BLA 2 T ECAIK K
1y ¥ i AR 5 R R R U 2 IRDJE A B
(06—H6---05,09—H9A --- 04"  O13—HI3A -

a O;}%i?ﬁ}\u%
C1 /
03 Olﬁgﬁ
04 3

012.C / N4
01190 908
Pr]“.OIO
07
09

B3 (a)BCHW 2 B F455; (b) Pr' By RC AL 7
Fig.3 (a)Molecular structure of complex 2;

(b) coordination configuration of Pr**

05" | O11—HI1A --- 013"  O7—H7A - 0121 |
010—HI0A --- 03" | 012—HI2A --- 013, O11—
H11B---012 #l 013—H13B--- 03, 010—HI0B ---
03" .012—H12B---08" (07—H7B---02" Fll 08—
H8B---09") (3 3) X LL BRI T &4 2 1
SERRRE
2.3 RESWr

B 1 A2 I g 4 iR, Bld
YIS — AN KRESBE 25~124 CZ A, K H
TN 6.4% , %I gk 2 2 ALK T (BRIS(E
7.5%) ;55 AN REBBTE 124 ~367 C Z ], K
RN 33.6% KRR 0.5 4 LY ECAR (BLS
33.7%) ;55 = MREABBTE 367 ~900 °C Z (7], &
H, L7 e AR 1 38 40 #0A JIr 350 24 THIE 2 900 C 1,
KA LA 2T B R AR R Y e 2
Pr,0,, L&Y 2 W — D KEEG B 1E 25 ~
156 °C Z[H], e AN 3. 0% , %I 2 F2 37 85 K 43
T (B 4.8%), H N KREHAE 270 ~
380 C ZIa], R EH N 25. 6% , K} 2k Z2— phen
Boik (BB(H 24. 1%) . IRFEEARZLT A HL FLAR
S FIFEESM R HLR 900 °C T I A A TG
POWCAR B A T8 4 o i, B 2T AR ) AT R 2
Pr,0,'%
100
90+
80
701
60
501

40t
30,

Weight/ %

O@MMM@@MMM
Ti

B4 AW 1R 2 B L
Fig.4 TGA curves of complexes 1 and 2

2.4 YOEMER

B+ o0 E A R IR B T2 S50, e T E
A — BT R TCEIA OIS, I, K
FICEAED A Z B T W E R

BCEY 1 A2 POE R GG E 5a R,
1E 350 nm M)A BT, HAr B 7E 638 F1 778
nm 652 F1 781 nm WK FHE R Pr’* MFFAE
S SV, B €0 5 6 B TR R X (R
5b)  ATHAT Pt iy 'S,—'1, Fl 'D,—H, it
BRAE Y TR R R B AR A A S, R A
Y12 FER T R P AR R B 4R B T BE
R, LAY 2 MR GRE S TRAY
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1, HEWBELLRE T 14 nm, o T W L&JEE T
BRAT A BH., B — 5 5 S 1 1 A OB AR X B
NSRS A HUBC A BC AL, E K BE 1A AL i 240 7
TR BT T LA AR A ML
P FIHUCEEA ] DE T ILRES | RE R RSO I 12 128
RO PRl 8 A WA AR IR TR AT LSS0 £
He A P WS I R AR R S I R R R SR T
Na, H, L FCH i i3 2 1 s 5 B AT DA e, A5 )
THECOR A -G Jm & T R R . AN, B D)
A phen BTG BE£5 90 B R Sl 1 B 1) i 412
AEBW, —I7 T, HESR BRSO, Bm gt
PERRBE , A R MIEA ] T RE BRI A% 3 B
i 14 J B T I RE IR 53— T, AT DU
K o G B A E VL, AT D/ oK 231
AR Sh Y BE R R AR e R OERIOR Y

b| s
a 08} A 50
B <

\. 560
2

0.6
500

I/a.u.
o
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BAYI

46
400 450 500 550 600 650 700 750 800 850 0.%.0 0.1 02 03 04 05 06 0.7 0.8
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E5 (a)fCaw 1 f2 TR
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Fig.5 Fluorescence emission spectra (a) and

CIE chromaticity diagram (b) of complexes 1 and 2

3 ig

DL Na,H, L MECA, F K #RGES Prt i
F2AEAY, BEAY 1 b, L VR ki
BeAA , R 2 AR IE AR E A SR 2 4 Pr,
TERL LAY RAREE R, L AE 7S Ui i i e A4k
FIFH 2 A FR IR I AN 2 AT 2 — 2 )2 AR AR Y 3
AP K IR AL 1 A =425 254, Schlafli £5F
S 147-8"1 {4%.6°-87] {47-67),, AW 2,
HL AR 1 DNMRRILE Pr MG ECAL, phen
I FAE R EIRECAA S P BEA AL, YR T H 2
ANBCAT A5, B S5 F L U B AL SE R LAY 1A
2 o Prt RIS O R ST 43 B AE 638 FI
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NGBS T Prt BRRIE D R I B | 2T
T 14 nm, TP T phen 20 TR R DL R 5
P Y C A AR EAE
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AT H, PO, #fllp) bt RERHRIT AR KRR

FER,GRBE NI, FAR FH A, Fian
CUrHImE2ABE fe2= 2, ILvE JrH 034000)

FE T T — R R T - BRSSO R ERAZ 4R ABIM, AT 1 H,PO, BIZEE LR i Bh2 66i%mise
T Z AR ABIM X H,PO, MRt 0N, 7RI 2 ABIM 1) LISV A H,PO; J& , 78 426 nm A5G K 5B B« ¢
[ ,506 nm Ab5EE & SR < HTTF IR G 6 f i (08 S iR 4 (0, BT 98 & B mT 682 i F H,PO, B Wi ~32
R B IE PR 2 [ JE B Excimer P2 A42 (9, ABIM 5 H,PO; DL 1: 1894kt B b as 4, 454 %8 (7. 13£0.48) x 10°
L/mol , 4 HBR 4y 2. 38x 107 mol/L, Fe AL 137 if 1) 4 2 min, [FT0 S5 3B, ABIM T )37 TRE & v H, PO, ARG

SEERIA) L Y I, AETE R ESS  HL PO RIR; LR AR ET

FESES 065 X HERFRIRED : A X E 45 :0258-3283(2024)06-0033-06

DOI ; 10.13822/j.cnki. hxsj.2024.0062

Synthesis and Properties of Ratiometric Fluorescent Sensor for H,PO, GUO Change-sheng, CHEN Jun-xia,LIU Yi-ru,LU
Yu-sheng ,DONG Zhi-yun ,XI Fu-gui” ( Department of Chemistry, Xinzhou Teachers University, Xinzhou 034000, China)
Abstract : An acridine-benzimidazolium based macrocyclic fluorescent sensor ABIM were designed and synthesized , which can be
used as ratiometric fluorescent sensor for H,PO;.The selectivity of sensor ABIM with H,PO;, was investigated by fluorescence
spectroscopy.A clear “turn-off” of fluorescence emission at 426 nm and an apparent “turn-on” of fluorescence emission at 506
nm were observed upon addition of H,POj , giving rise to change in the fluorescence color from blue to blue-green. The new
fluorescence emission may be attributed to the H,PO, induced assembly of sensor ABIM forming the excimer conformation
between two acridine rings.The results showed that the binding ratio for sensor ABIM to H,PO, was 1:1. The binding constant was
calculated to be (7.13+0.48) x10° L/mol, the detection limit was 2.38x 10”7 mol/L and the optimal response time was 2
minutes.The results also showed that sensor ABIM could be used to detection of H,PO} in the samples.

Key words : acridine ; benzimidazolium ; H, PO} ; macrocyclic ; ratiometric fluorescent sensor

PR — SR (H,PO, ) AN EZ IR kAT, M S, 26 b A% gl i T A
Yy, 25 DNA i BEREAFAIGR B s 5l R B Eom B LU (E, BA A RHEDRE , ol LA
U G H,PO, MIRB ARSI AZ 3 T Tz R A SO BR B R A I P BRI AR AR A ik
FES R, DR R TR 1,P0; Y B R AR ORI B AR TR AT
SEHRAT R A FERL T (Tum on) (o 58 PEREIREMRIN A R BUE . oAb, BB T A S )
SESEBA” (Turm off) 1 385 HL L el 1214 45 gy Eﬂﬁxj‘tﬁﬁéﬁf%hx]‘mp%%éﬁ Lo A2 AN A=)

) WAREAT SR X KRR B AT B
AvAvS RB AN, £ B
ot D e SRS B L AL, ALY R

ii. NHPF H,0,rt,12h

e s A7 :2024-01-28 ; M 48 &5 4 H # :2024-04-03

EEWA (17948 w2 2R E AU AL I gt R H

N (2022001) ; [F 5 HRBIAIE A VBT H (21701137)

\1 CH,CN, relux, 60 h;

N
@?@ “’N‘r@ R B JEER(2002-) 55 I PTRIRA AR, 920
PFS P SOOI IR
O / BIAEE AR, E-mail ; xifugui@ 163.com,
ABIM B AR 36 B R MR R, X2 4G, 6 1T H,PO; Kl 1y
B 1 ABIM B4 kL ORI AR Bt A R B P REWE 95 [ ] k23571, 2024,

Fig.1 Synthetic route of ABIM 46(6) :33-38,
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W 44" -— (G L) BN IORHE IS L T K
HZ R ABIM (& 1), i i 'HNMR, "CNMR
FT-IR \ESI-MS JUE 4 Hr i A7 1R AE Il 5
ISR SE T IZ S5 X B S R S RE

1 XWEH
1.1 FEAUE 5

Bruker 400 MHz A% fifh 41 A8 ( 48 [ A 45 5
5] IR Affinity-1s BUAE B2 40 2T SR S84
LCMS-8030 #Y & AH €233 5 135 B¢ A ( H A< B HE
F]) ; Vario EL Cube HICE /MM (15 E T R /04
REA AT s Hitachi F-4600 BI5E 6 GREIL ( H
ARHIAF)

WE 4, 4-— (G AL ) B (ol bt fo
LT AABHE R A BR A T ) 5 1R 4800 ik (b
2l I ATk 3 R A BR A ) 5 ARk s
ANFEBERR S BB T POY JHPOS SR AN (4 #T
ai W E AR T A R AR HETF F
Cl” .Br~.I" \NO; ,AcO™ . ClO; .HSO; . H,PO; * /]
PUT S5 3 (ordrat, bt 9k A R A
A)) 34,5- (PR 3R WY RE S SR [ 22 ] W5 T
A 34,47 - (R IR BRmE-1-H 3 ) B OR 2 2% Sk
[23 17 il 4
1.2 ST
1.2.1  KIFZIK ABIM G 1K

FERLA [BLR A HEAE M FESR B9 500 mL =1
BN INA 200 mL 2, IN#AE 80 C , 2218 45
[ A T 0.55 ¢ (1.5 mmol ) ZJiEHY 4,5-—
(VR HIEE) Y BEFIA T 80 mL Z N0 0.62 g (3.0
mmol )4, 4"~ ( ZRFFBRIE-1-H 36 ) B 2K, 40 h i
5, NFAENE 60 h W E R 2R, M Hh IR o € [l 4
g, DB TOK SBEEE (15 mLx3) , B4 T A
BT A AR B F PR, A 0.25 ¢ (1.5 mmol)
NH,PF, .30 mL £ & /K, it T+ 24 h, o
I8, BB T KEES (25 mLx3) , Has T3 0. 47 ¢
WY BE-BRIESH IR 3Z /8 ABIM, =% 60% , 'HNMR
(DMSO-d, , 400 MHz) ,8:10.39 (s, 2H, BimC,—
H);9.39(s,2H,Ar—H) ;8.33(d,2H,/=8.4 Hz,
Ar—H);7.99 ~8.11 (m, 3H, Ar—H ) ; 7. 83 (d,
2H,J/=8.0 Hz,Ar—H) ;7.72(t,2H,J=8.0 Hz,
Ar—H) ;7.60(d,4H,J=8.0 Hz, Ar—H) ;7. 48 ~
7.58 (m, 8H, Ar—H);6.54 (s, 4H, —CH,x2) ;
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MHz), 8: 146.9, 141.5, 139.2, 136.6, 135.4,
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2980,1 641,1 582,1 416,1 199, 1 138,836,745,
642,551, JLER 3 HT: Ci Hyy Fiy NoP, S (353
) ,%:C 56.80(56.77) ;H 3.59(3.66) ;N 7.72
(7.70), ESI-MS, m/z (%) : 309.80 ([ ABIM-
PF, 1*",100) .

1.2.2 OGS %
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SR IR AZ K ABIM 5 B B ¥ 2 0] (% 4k 2% i it
(R AR (Y s 1 o S B o b7 DR NS 1]
BT O, AR L BHR A R ERFIR A
RT3 mL, BN 5. 0x107° mol/L, i
SR CRETE

2 GRS
2.1 WYBE-BRIEEE IR SZ K ABIM X 45l [ 25 +
PUIPERB 5

18 Bl 5 S 6 1% AIF 5 0 e R s 85 K 3A A2 {A
ABIM X} 2% #h B 25 F B9 3R 3 P AE, 76 ABIM fY
CH,CN % (6. 0x10™ mol/L) H, Z3 BIINA &4
FAES ¥ F~.Cl”  Br 1" \NO; ,AcO™ ,ClO; . HSO; .
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mol/L) , i V& & % W T B B8 F 1 vk Ol 32 K
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FER SR 362 nm JR T, MRTR GV WM &
SGIGE . WiE 2 RS, ABIM B98O & B4 T
426 nm X B T A5G, A CI Br |17 (AcO™ |
NO; .ClO; PO} (HPOZ J&, ABIM A2 % 5 16
S A B R AR fE, A FUHSO; &, ABIM 1)
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Fig.2 Fluorescence spectra of ABIM in CH,CN

(5.0x107° mol/L) upon addition of various anions
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Fig.3 Change in fluorescence intensity of ABIM in
CH,CN (5.0%x10™ mol/L) after the addition of

H,PO; with different concentrations
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Fig.4 Linear relationship between the fluorescence

intensity ratio Fyo/F s and H,PO} concentrations
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Fig.5 Linear relationship between the fluorescence

intensity F,,; and H,PO; concentrations
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Fig.7 Fluorescence intensity ratio Fyy./F, of
ABIM in CH,CN upon individual addition of various
anions and followed by further addition of H,PO;

2.2 KIFZZAE ABIM 5] H,PO, FIHLER

N T W KRR 24K ABIM 5 H,PO, W44
B, SR /N R AR L MR A T A5 B Y i -
BRIESE K FR 32 /K ABIM HI H,PO, U454 5 K
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1100
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800
700+
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Fig.8 Non-linear curve fitting of fluorescent titrations of

ABIM and H,PO; at 426 nm
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Fig.10 Possible interaction model for ABIM
with H,PO,
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Tab.1 Determination of H,PO; in CH,CN using

«)—m

macrocyclic receptor ABIM

FEmmA R/ I/ RSD/  Recovery/
(X107 mol-L™") (%107 mol-L™") % %
7.5 7. 486+0. 066 0.78 99. 8
5.0 5.201=0. 035 0.69 104.0
2.5 2.51320. 048 1.06 100.5
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ARSI T — o T Y I R e B R B 2 A
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FEE RIRES (CaCO, ) SE/K VB IRk A 7= STV 5 DL AT 7= %6 . SR, S8 T o0k 7 A 9 g R 4 2 R — 44k ik ( CO,)
HER R R A R R TR R R R T A H S (CH,) VRS (H,) R (C) FIZ B ( C,H,0H) 5K CaCO, BRI G
SR A REAIR A IR IE 5530 CO, SRt ik FE ML BE Al 1 64T T 3T S AR & 7 W0 i A, R B AE 22 05 28 1 L R 3F 1 %
W, FFERIT, CH, Xt CaCO; 43 il B 1Y B i b 35, H, W2 C g AR IR 5 B I 7 e 20 C,H, OH 55 CaCO;4 HYFE
AR H, Fl—4AbEk (CO) B Fe i o 3 I SRR A AN AT ULE AR BE T PR 40055 (Ca0) i T CO, i
PEEEAE R =4, an 1, A1 CO, Mgl Co, HERL.

KEBIA : CaCO, 43 s A BN 3 ARFIE I ; CO, JRi %4k ; CO, HETK

hESEE.TQ115 XHkFRIRAD ;A X E RS .0258-3283(2024) 06-0039-07

DOI :10.13822/j.cnki. hxsj.2023.0851

Low-thermal Coupling of CaCO, Reduction and Green In-situ Conversion of CO, WANG Zheng-yi' , TANG Mei* , ZHANG
Bing-zi’ ,CAI Zheng-yu* , HE Guo-giang "' ( 1.School of Materials and Chemistry, China Jiliang University, Hangzhou 310018,
China;2.School of Physical Science and Technology , Guangxi University , Nanning 330100, China ;3. Ecology and Health Institute,
Hangzhou Vocational & Technical College , Hangzhou 310018, China;4.Saxo Fintech Business School, University of Sanya,Sanya
572022, China)

Abstract ; Calcium carbonate (CaCO;) is a common mineral resource in industries such as cement and steel production. However,
the energy loss and CO, emissions associated with its high-temperature decomposition are of urgent concern.In this study, a
coupling reaction between submicron CaCO, and CH, ,H,,C,and C,H;OH was proposed to reduce the decomposition temperature
and facilitate in-situ CO, conversion. Thermodynamic analysis and characterization of the coupling products were conducted, along
with an economic evaluation. The results demonstrated that CH, had the most significant effect on reducing the decomposition
temperature of CaCO,,followed by H,.When C was utilized as the reducing agent,the by-products were the least.In the coupling
reaction of C,H;OH with CaCO,,higher productivity of H, and CO was observed.The utilization of these reducing agents not only
enabled the regeneration of CaO at lower temperatures but also facilitated the conversion of CO, into valuable products such as H,
and CO,leading to a reduction in CO, emissions.

Key words: CaCO; decomposition ; coupling reaction ; low-thermal reduction;in-situ conversion of CO, ;CO, emissions
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Tab.1 Main reactions in the coupling of CaCO; and reducing agent

LI 44 R F2/ B R AHY%g 15/ (kJ+mol™") AGYs 15/ (kJ-mol™")
CaO W fft Ca0+C0, ==CaCO, (1) -179.2 -131.4
CaCO; 571 CaCO; =——=Ca0+CO0, (2) 179.2 131.4
CaCO,+CH, Ca0+2C0O+2H, (3) 426.3 301.9
CaCO;+H, ==Ca0+CO+H,0 (4) 220. 4 160. 0
CaCO; S L CaCO; +4H, ==Ca0+CH,+2H,0 (5) 14.5 18. 1
CaC0,+C ==Ca0+2C0 (6) 351.7 251. 4
CaC0,+C,HsOH ==Ca0+3CO+3H, (7) 518.8 289.0
LIV O S WA C0,+H, ==CO0+H,0 (8) 41.2 28.6
R In) CH, 78158 C0,+4H, =——CH,+2H,0 (9) -164.7 -113.3
CH, TH% CH,+C0O, =—=2C0+2H, (10) 247.1 170.5
e Ak 2 I CO+3H, ==CH,+H,0 (11) -205.9 -141.9
CH, Zifi CH, C+2H, (12) -74.6 25.6
C WAL R C+C0, ==2C0 (13) 172.5 120.0
) C,H;OH ==C,H,+H,0 14
C,H, OH 446 ,Hs ,Hy+H, (14) 88.2 14.6
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Fig.1 Schematic diagram of coupling reaction of
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Detection of Histidine by Switch Sensitive Sensor Based on N-Doped Green Fluorescent CDs CA/ Liu-ying" ,KANG Peng",
DONG Wei*" (a.School of Public Health, b. Chemistry Teaching and Research Office, Shenyang Medical College, Shenyang
110034, China)

Abstract: We used citric acid as the carbon source, urea as the nitrogen source, and N, N-dimethylformamide (DMF) as the
solvent to successfully prepare a green fluorescent CDs by the hydrothermal method.Simultaneously, 1,6-hexanediamine was used
as a modifier to significantly enhance the photoluminescence intensity of N-CDs and the fluorescence quantum yield can reach
16. 8% .The N-CDs is approximate spherical morphology, and the average particles size of about 30 nm. At the same time,a N-
CDs/Bio fluorescence sensor like “Switch” was constructed based on the fluorescence quenching method. The change in
fluorescence intensity of sensor was used to detect histidine ( His).The sensor has a good linear relationship in the range of
1.73~25. 85 mmol/L.The linear equation AF=6. 133x[ His ] +4. 531, the correlation coefficient R*=0. 998 4 and the detection
limit was 0. 366 9 mmol/L.Further detection of His in serum,the recovery rate was 96. 3% ~100. 1% ,the detection of sensor was
simple and sensitive.This is an excellent His detection fluorescent probe.
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Research Progress on the Application of Magnetic Solid-phase Extraction Technology in Soil Pollutant Detection WANG
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Abstract : In recent years, various pollutants have entered the soil environment through various ways and accumulated, posing a
great threat to soil environmental quality,food safety,and human health.The soil matrix is relatively complex,and it is particularly
important to use efficient,selective,and convenient pre-treatment techniques to analyze and detect pollutants in the soil. Magnetic
solid-phase extraction technology,as a new pre-treatment method, has multiple advantages compared to traditional pre-treatment
techniques. With the rise of magnetic nanomaterials, according to the different pollutants in the soil, functional modification of
magnetic nanoparticles can obtain adsorption materials with different adsorption properties, thereby selectively adsorbing various

pollutants in the soil. The article summarized the main present pollutants in the soil, traditional pre-treatment technologies , brief
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introduction and advantages of magnetic solid-phase extraction technology,and elaborated on the application research progress of

magnetic solid-phase extraction technology in soil pollutant analysis and detection , providing reference for the practical application

of magnetic solid-phase extraction technology in soil pollutant detection.

Key words : soil ;magnetic solid-phase extraction technology ; pollutant residues ; analysis and detection ;sample pretreatment
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Optimization the Preparation Conditions of Sulfhydrated Walnut Shell as a Heavy Metal Adsorbent SUN Hao' , ZHANG
Cui-ling™'* ,PAN Zhang-zi' , SHANG Zhi-dong' , HE Yi-chen' , TENG Ze-jing' ( 1.School of Environmental and Municipal Engi-
neering, Lanzhou Jiaotong University, Lanzhou 730070, China;2.Gansu Provincial Key Laboratory of Yellow River Water Environ-
ment , Lanzhou 730070, China)

Abstract ; In order to improve the adsorption performance of walnut shell (WS) for heavy metal ions, WS was modified with L-
cysteine (L-Cys) to obtain thiolated walnut shell (CWS).Taking the adsorption amount of Ph( I ) as the evaluation index, single
factor experiments and response surface experiments were used to gradually optimize the preparation conditions of CWS,and the
preparation mechanism of CWS was explored with the help of SEM, EDS, FT-IR and other characterization methods. The results
showed that the mass ratio of L-Cys to WS was the main factor affecting the adsorption performance of CWS for Ph( I ) ,followed
by temperature.There was a significant interaction between pH and temperature ; the optimal condition of CWS was m( L-Cys) :
m(WS)=1.58:1,the temperature was 63.2 °C ,the pH was 9. 89,and the reaction time was 4 h.The adsorption capacity of CWS
prepared under the optimal conditions for Pb( Il ) could reach 24. 06 mg/g; CWS surface presented many depressions and rich
pore structures,and the preparation mechanism of CWS was mainly based on amidation reaction. Research showed that thiolated
walnut shells could be used to treat heavy metal ion wastewater such as Pb( II ).

Key words : walnut shell ; L-cysteine ; adsorption ;response surface methodology ;lead wastewater
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WS #4714k 2% 4 BRI D) i35 H R T L 2= S5 4, 3
ST 4 R A A RE U0 L A TR A RS
R IR 1 B R AN ) B 4 R B A B
B . Georgieva 45"V bk 72 7 R UA
A it 1) 5 L R L A ) o W 5 ( WSBA) , T
BRI N ID) B, AR A Rl 3 1 2
EOE=2 AW

ARSCLL WS R R, S F &R L ERiR i WS,
SRIF L L-2F e R (L-Cys ) VE R st ), 6] i 5|
A 48 BT 1 5% i A7 77 S 2 (—SH) M %
(—NH,) , fill 7 15 21 5 54 5 4 Ja W B 7] -2 S 4k
Edkse (CWS) |, 38 i 5 A 283 50 K2 i) o7 1T 3k 560
B CWS W6l & 254, S WS Y B I 6 A
FRER A — Pl 7 ik, TR) B R 25 4% % K Ad B4R 3t
— AR

1 &Ry
1.1 FEAUER S5

PHS-3C %Y pH & A bl JB-2 R I 77 1
FERS (L0 A R AR R A BR A FD D
DZF-6021 B 25 T4 (L —tE B A R
) ; UV-1800 #2043 50 BE T (LT S5 Ak Y
AR F]) ; SHA-CA BUHUE /K I8 TH IR IR ¥ 4%
(L B & A PR Al ) s VERTEX70 AI4T
Gh-$r = O 1% A (1 E A E 5 A Al ) 5 ZEISS
GeminiSEM500 %4 37 & 5 45 4 FL 5% | Oxford Ultim
Max 65 %) EDS BEIAX (& [E R /R%EH])

Kibkse CGRrgmms A1) ; L->F B & fR ( L-Cys ) \N-
FRELIRFATE U (NHS ) (28 L8 (NaOH) (iR
B (Pb(NO,),) (REETH RS2 ) sk —
LR EE (EDC - HCL, -3 2 Jo bk A= (L B 45 F
BRZSTD) 5 L3R 388 2 Al e sl v ) 359 4
F&iEK
1.2 CWS %

Ak e WS K 25, B0 i 5
i 100 Hfi, A BT R AR AE 60 °C I T 4L
F,H 0.5 mol/L NaOH ¥ ¥ 13230 24 h, 4li 7K oy
VEE U G A Hoh o, A R L PRI
0.500 0 g Z& NaOH W FiAL PRI 1Y) WS & T-HEIE
N A — & #Y EDC - HC1,NHS , L-Cys Fli&
Ak, ENEES pH (AEREMH, B TS
ARG LRGPP — Bt e ad vk, aik X &
e 2 60 °C HLAATERAE ThE T AR CWS,
AIRERY I EALEE N (1) (2) Fis,

CH, CH,
H, H, H, H, | H, H H g H,
H,C—N—C—C—C—N:C:N—C—CH,-HC]+R—CO0H——H,C—N—C—C—C—N—(‘J:N—C—CH,-HC]
0

[Rl—C=0
[EDC-HC]] [WS] [ 4] (1)
0 [
Ton, w1,y 1, “°§ i H%"“
HF*N*C*C*C*N*C:N*C*CH;HCl + NH,— EDC-HCl+R—C—N
! HS SH
E—t=o

(G| [L-Cys] [CWS] (2)

1.3 CWS %f Ph( I ) il fff
#£0.200 0 g CWS B AZEA 100 mL(50 mg/L)
B Ph( 1) BK DR, SR T AEK i E
RPRZ A LA 150 v/min B5EE Y 2 h, R H—
FH 3 G BE 0 5 Ph( 1) ROTRIASHR | 4 5]
WEF(3) L (4) T CWS XF Ph( 1) AW & %
0. =[(eg=c)V]/m (3)
ZBRR(%) = [ (¢ —¢.)/eq] x 100% (4)
K, 0, 9 CWS Xt Ph( I1) B9 W B i, me/g; ¢q MW HR
Pb( I1) B FWEE, mg/Lie, R FATAT Ph( 1) B F B, mg/L; V
SRR, Lym S CWS Tkt g,
1.4 RS
BOBE T WS CWS B &, B 20 sh-h7 &
A GHEAT (B i £E AR S (FT-IR) 7307, RAEE
BE AR A s IR 37 & S 35 FL BE T EDS BB TS
S AT O RIS AR SR T 45 A8 S R AL

2 HER5IHE
2.1 PCPESEXR CWS 2B Ph( 1) PEAERE IR
2.1.1 WY X CWS W Ph( 1) B
Al

J20.500 0 g WS.0.180 0 g EDC-HC1.0. 100 0 g
NHS, A — & i L-Cys, 7£ 65 °C N2 4 h,
L-Cys 5 WS i Hexf el WS LBk Ph( 1) PERE
s an 1 R,

94

[N
£

A EBE
N9 % it

8
B Bt/ (mg - g7")

N
S}

1 Jfi o CWS KBk Ph( ) 5 m
Fig.1 Effect of mass ratio on Pb( Il ) removal by CWS
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17,828 WS 5 L-Cys Z [0 45 % HlE % , £ 75 WS
- —SH WA & e 2 3G, H R —
J& i Y L-Cys P2 AR 2842 b T 5 WS 3R
AT 422 fih HL 55 A s 8 4 o kAR BRI, T
WS RGNS, AR T CWS XF Ph (1T ) B W% B
PERE . EHU m(L-Cys) :m(WS)=2:1 )54 CWS
il 5 251
2.1.2  f#4L5 EDC - HCl & X% CWS W2 fff
Ph( 1) By52m

B 0.500 0 g 1) WS . m(L-Cys) :m(WS) =
2:1 NHS 7 0. 100 0 g, 7EIR B 65 CHIZFMAFT
KL% 4 h,EDC-HCl 5 L-Cys il X CWS 2[R
Ph( 1) Byszmm ani&l 2 s,

94

N
-

EERE
W fiH it

8
% Bt/ (mg - g71)

N
N

92

—
7

1:4 1:3 1:2 1:1 2:1
m(EDC - HCl) : m(L-Cys)

2 EDC-HCI % CWS & Pbh( I ) 0
Fig.2 Effect of EDC-HCI on Pb( I ) removal by CWS

& 2 AT %0, 24 m (EDC - HCl) :m( L-Cys) i&
Wi KB, Ph (1) Y 2 B R 5 18 K5 FEAR,
m(EDC-HC1) :m(L-Cys)= 1:18,Pb( I ) &%k
Wefehf, nlREJ IS EDC - HC 1F S —Fh Bt 1k
JVEAHEAR T, BESS 5 WS | AY—COOH J i A= 1%,
] A O—P 56 5 0K, 3% h [ 4 AT DL 5 L-Cys
O FHE E—NH, KA RGN, A e s
kiti5 EDC-HCl B3, A= s O—P 3 5 IR 4k i
M 2 KT WS 5 L-Cys 2 [H] i i 1k s i
ML e rE WS 4> T8 F—SH, £ it
Z 1) EDC-HCl 7] B 380 CWS H BLEEIR S, FEAIK
FLBREET 'S0 BHAS WS 5 L-Cys 194 &% fk, S50
FINERFEAR, gk CWS il & &4 A m(EDC -
HCI) :m(L-Cys)=1:1,
2.1.3  {HAEF] NHS FHEXF CWS Wefft Ph( 11 ) /9
Al

B2 0.500 0 g WS m(L-Cys) :m(WS)=2:1,
m(EDC-HC1) :m(L-Cys)= 1:1,fEIREE N 65 CHY
5 F RV 4 h,EDC-HCl 5 NHS i & Fb X CWS
£Br Ph( 1) MsZI AN & 3 Fiios .,

& 3 W50, Bfi% m(EDC-HCL) :m(NHS) kb
BIRyHE I, CWS % Pb (1) ZBR AW ETF, Xt

94 24

K%
ISSLI20

B/ (mg + &)

oyl L L
m(EDC-HCl): m (NHS)

3 NHS X} CWS Z:B% Ph( ) 500

Fig.3 Effect of NHS on CWS removal of Pb( II)
Pbh( 1) 25 BRI Bt 09 e 45 oA m (EDC - HC) -
m(NHS)=5:1, & FE Nk O—mEsE 5 Ik 5
TLE M ATRE B3 KA 5 A A6 7 —NHS
J& , O—WE 3 S IR 5—NHS [z W A A e 1 o
TG PE NHS B8, % =95 L-Cys L—NH, ] LI4:
B Z O mE e # , 3R —SH 78 WS iR R
{H—NHS 3 5 B, 3850 s v 9 2 ) 5 B B ik
S 2Z IR B R R BT LA 22 CWS 1l £ 1
B m(EDC-HC1) :m(NHS)=5:1,
2.1.4 g mFE%E CWS W Ph( 1) f 5200

B2 0.500 0 g WS, il A L-Cys 5 EDC-HCI, fifi
m(L-Cys) :m(WS)=2:1, JZ i [E] % CWS 2=k
Ph( 1) IREMEE AN 4 iR,

95.0 24.0
—— K%
—a— % Bk \I 123.8 —~
94.5- <
R * I i
¥ 94.0F =
& {23.4 1
+ =
93.5¢ lo3g &
93.0 5 3 7} +—123.0
8] /h

4 NINHEXT CWS 225 Ph( I ) S0
Fig.4 Effect of reaction time on Ph( I ) removal
by CWS
Al 4 BT, CWS [l s a6 BR Ph( 1)
PERERC WA/ | it S I [T A 388 K, B g
B T W GO B A R s R R ) AT DA
WS Fil L-Cys Z B 7853 0, {H >4 5 )i Fisf [ i 4ok —
EVLHG, AT il CWS 2r T4 F—SH &3
OyEAL AR T CWS 5 Ph( 1) Z Al A BC AL WL
5 AR SRR, FrABER 4 h HE,
2.1.5  JREEXF CWS WERH Ph( 1) AYRZH
[ WS i 4 0.500 0 g, il A L-Cys 5
EDC-HCI, i EEXT CWS 2Bk Ph( 1) F52 0 1 &
5 7N,
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95

ES =
R R

8 T

&

| 23.4 H
92, . 23.0

B 5 SRR CWS Bk Ph( ) 5
Fig.5 Effect of reaction temperature on Ph( I )
removal by CWS

M E 5 AT, BE A R BE R T, CWS X
Ph( 1) i Z3 bR 5E T J5 WA B AR, IR R
65 CHE, W3R, PUARIRAFI T WS 5
L-Cys Z [A] A RBERG Ak S I, 2 W AN B R 5 i T
PR 2 0 3 2 1 25 SR R B 5 (R i = B,
) Z [ EPERRAR . L-Cys F—SH &5 # 81k,
TR CWS ZeBRPERE, FrLUG 2k CWS &7
65 °C FifT,
2.1.6 pH X CWS Wt Ph( I ) Y520

[ WS Jfif 4 0.500 0 g, Ml A L-Cys 5
EDC - HCI, #7428 2 W ARk & pH, pH X} CWS 2[R
Ph( 1) 52 & 6 PR,

96 24.0
EBRE
R

B Bt/ (mg - g71)

B 6 S pH X CWS 2Bk Ph( 1) 5 0
Fig.6 Effect of reaction pH on Ph( Il ) removal
by CWS

H I 6 AT LUE  BE KR pH THE, CWS X
Ph( I1) My EBRZFE W2 L FH#a%, 24 pH 10 i,
CWS XF Ph( 1) B9 BRI & 4F . pH K33
WS 5 L-Cys 18 13 i e £b 5 1 il 45 1) CWS Rk,
H & L™ 15 ph( D) £ & WM s 41
FH L0855 CWS X Ph( 1) BYMEFFTBE 11, 24 pH 12
if, ATRE R L-Cys _F—SH &5 8 il —fi s,
CWS Xf Ph ( 11 ) RBrtEREA FrieE(, Br it H
pH 10 1E8 CWS J5 Zeihil 45 &1 .
2.2 M ENE AR S A
2.2.1 CCD LB 58558

BT HPRREER % m(L-Cys) :m(WS) i

FE pH X 3 /AL 5 R [ S i R

4 b, A FH we B T 35 B9 Box-Behnken ¥ 11, DA

CWS Xt Ph( 1) i EERF N HARma A, 5555

Wi A% CWS BB Ph( I ) PEBEAY S K 22 [A] 38

HAEH, it SAR A BINER 1 M2 PR,
F1  KEEREMAKT i

Tab.1 Experimental factor and level coding

e Mz o
-a -1 0 +1 +a
A m(L-Cys):m(WS) 0.32 1 2 3 3.68
B pH 464 6 8§ 10 11.63
C TR 48.18 55 65 75 81.82

®2 CODIRH R HLR
Tab.2 CCD test plan and results

R 75 A B C Ph( ) £BR%/%
1 3.00 6.00 55.00 94. 12
2 3.68 8.00 65. 00 93.76
3 2.00 8.00 65. 00 95.76
4 0.32 8.00 65. 00 95.12
5 2.00 8.00 65. 00 95.21
6 2.00 8.00 65. 00 96. 14
7 2.00 8.00 65. 00 95. 86
8 1.00 6.00 75.00 94.32
9 2.00 8.00 65. 00 95. 46
10 2.00 11.36 65. 00 95. 68
11 2.00 4. 64 65. 00 95. 06
12 1.00 10. 00 75.00 94.71
13 2.00 8.00 65. 00 95.89
14 2.00 8.00 81.82 93.24
15 1.00 10. 00 55.00 95.58
16 1.00 6.00 55.00 94.96
17 3.00 10. 00 55.00 95.32
18 2.00 8.00 48.18 92.56
19 3.00 10. 00 75.00 93.52

20 3.00 6.00 75.00 94. 02
2.2.2 TN AT 2500

X g AR AR AT 1A o3 A A B A (5) Brs
(4 [ AR | [ U AR 1 7 22 4 B B i 2 PR A 3
FiRNE 3,

Y = 95.71 - 0.36A + 0.20B - 0.17C - 0. 039AB -

0.049AC - 0.24BC - 0.36A% - 0.035B% - 0.91C> (5)

M6 3 7 2 Mrnl i, BRI [ 930 P> F =
0.003 4<0. 05, B AV & W 2, ZJc I RIR Y
X ZRBCN R*=0. 856 2>0. 8, Ui WA 5256 s 1l L)
BT R 0 RIS 2R R2, M 0. 726 8,
LA TN 5 S PR(E 4238 A2 S R B (CV) R
0.55%<10% , kW AT FiZ AL 8 X CWS il 5 i1 7
ek ar >
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&3 CCD ARy T 2200 M
Tab.3 Analysis of variance of CCD model

FEAKIE PR HBRE B F{E P>F
FiA 16.23 9 1. 80 6.62  0.003 4
A 1.74 1 1.74 6.39  0.0300
B 0.55 1 0.55 2,04 0.1842
C 0.38 1 0.38 1.38  0.2674
AB 0.012 1 0.012  0.044  0.8380
AC 0.019 1 0.019  0.070  0.797 1
BC 0. 47 1 0. 47 .71 0.2205
A? 1.90 1 1.90 6.98  0.024 6
B2 0.017 1 0.017  0.064  0.806 0
c? 11.88 1 11.88  43.58 <0.000 1
5k 2% 2.73 10 0.27
SR AL 2.17 5 0.43
2 0.55 5 0.11
Jevill 18.96 19

2.2.3 WL ESHT

FIH Design-Expert 8 #1430 #1 m (L-Cys) :
m(WS) il J& | pH 45 N 3R Z ] 58 AR S %f
Ph( I1) EBRERERI M, 7545 3 > B 2R Z 8] %)
Ph( I ) LBRA M = HERTR R4 5 18 (1 7~9) o

10.00 ,

[

9.00 /

/

= 8.00 -/
. )

) /
/

6.

.00- : /
1.00 150 200 250 3.00
A: m(L-Cys):m(WS)

B 7 m(L-Cys):m(WS)5 pH 5 Ph( 1)
B 4 18 W 7 T A 45 e
Fig.7 Response surface and contour plot of the effect of
mass ratio of L-Cys to WS and pH on Pb(Il) removal rate

B 7 82,7 m(L-Cys) :m(WS) 5 pH X}
CWS (W fif v RE . &1 b 45 w8 2 422 3 18R | ik W]
m(L-Cys) :m(WS) 5 pH Xf Pb( I ) A% W% B4 fi
JC il R Y R A T A A L A
i T B /N i m (L-Cys) :m(WS) 5 pH

R, CWS Xt Ph( 1) W B 6 1 2846 AN B (5, 156
m( L-Cys) :m(WS) 5 pH Z 8] 32 HAE H X 2= b %
HIZERZ B /N W o] LLE ) pH 2924 8.0
ff, CWS W BERE ik B 5 At

ouwown

2BHEI%
OO
SRRBGIS
wmown

G 65.00™
(%* 02000 150 gv )300
/& 1.00 (L CYS) m(

7100 150 200 250  3.00
A: m(L-Cys):m(WS)

B8 m(L-Cys) :m(WS) SR Pb( 1)
B AR A ) 137 TR 45 g
Fig.8 Response surface and contour plot of the mass

ratio of L-Cys to WS and the effect of temperature on
Pb( II ) removal rate

8 A m(L-Cys) :m(WS) 5 EXT CWS Ay
W BfF 1 e, A e dE I BE, R m (L-Cys) ©
m(WS) 5L EEXT Ph (1) B W B4 g TG B 35 52
M 5 45065 b 1T % FE K, B m (L-Cys) :m (WS)
5IREERWHE K, CWS X Ph( 1) 4 22 i % Je 1

9651 |||

00" ———8.00 2
P V- 7.00 °-
% 55.006. B: pH
75.00 EERFE/%
: [96]

70.00
[&]
2

65.00
=
< 60.00-

55

.00 ;
6.00 7.00 8.00 9.00 10.00

B: pH
9 pH SRR Ph( 1T ) 2255 R i o7 i 1fi A
S

Fig.9 Response surface and contour plot of pH and

temperature effects on Ph( Il ) removal rate



68 =3ryil

CHEMICAL REAGENTS

2 46 B 6 1

KIGREAR, BEH] m(L-Cys) :m(WS) 5 2 ] 58
HAEFXTBR Ph( 1) 45 MK,

&9 N pH 5 EEXT CWS (0% fH 1 g, 4
LR IAEIATE 2R pH SiREEXT Ph( I1) A9
ERC LA IR TR K B pH 5 TR AN
B, CWS X Ph (11 1 25 B 35 o 35 34 K5 I
/N ULRH pH 5B 22 [R]22 BAE AR Ph( 1) A
WE W, YR N 65 °C I, CWS [t RE /1
Ak,

2.2.4  BiEAL

A RSB 3BT AT 1 CWS X Ph( 1) 2%
Brik B iR 3 M EMA AR m(L-Cys) :
m(WS)=1.58:1 &N 63.2 C . pH H 9.89,
kT IR TN AR ) A 1 AR S R A SRR T
7 3 UOFATI G, CWS XF Ph( 1) S {E 2 B R
4 96. 23% , 5B B FUMAE 96. 36% 3T, TN {E
ik EA R RS BE
2.3 ROESHT
2.3.1  HHEBEH(SEM)

UL ZE WP JE A% Bk 5T 3R DR S Y AR Ak,
WS FRAE SRl 26 T 1 CWS 435 & T4
B R WLEE, A5 AN IE 10 B R A [ CRASB0CR /Y
SEM 1%,

WS 1000£%

CWS 4000

B 10 Sk A Ak i R B

Fig.10 Scanning electron microscope images of

WS before and after modification

f & 10 AT AT, CWS 5 WS A b 3% ifi 5
i, H B R AN R0 FLR 254, 2% T S R AT 3
WA Z | R R WA s 2 2
YLH CWS XF Ph( 1T ) A 5 547 i W i BE
2.3.2 X HZkagik AT (EDS)

W EHS R WS 5 CWS 2 1H JE 17 RE

AT, MOMERT IS WS 5 CWS FieE &R Ar b
4k 4 i,
®4 WS CWSILESEE
Tab.4 Element content of WS and CWS

i 5 E i %

TR

WS CcwWSs
C 63.53 58. 84
0 35.21 37.75
N 0.94 1.68
S 0.03 1.35
K 0. 07 0. 06
Ca 0.15 0.07
Mg 0.03 0.02
Na 0. 04 0.23
JENiS 100 100

Wit E 4 AEE,CWS 5 WS HiLL,C & &
JITREAIG , 3 FT RE S A Ay T4 B NaOHL I T8 I fif
TREAgER IR R 5| AR B, e S bR
FEREN, W Ff TR g R MR R CWS
FA NS 5 5 W1 1, 10 I 28 5 1k e 1k s iz
L-Cys b i9—SH 5—NH, iZh5] A # WS 41
B
2.3.3 MG (FT-IR)

WS I CWS L2 R/K BER ARG T 60 C
FLE THRAE R, U KBr JE B3k AT 4051
T RAESIHT S5 R 11 Fis

2582.42

151231
1746.23 Cws

1743.98

p 1201.4,
3155.95 ws
1512.31

BEIERI%

3128.25

4000 3000 2000 1000 0
BB/ em!

B 11 WS CWS 4tk
Fig.11 Infrared spectra of WS and CWS

HIE 11 A UAEH, WS 5 CWS 7 3 128.25
13 155.95 cm™ "B E B0 T — AN i g Wi g
W —OH Mg IR =) % BLRAE T
%, VLB 2 NaOH FilALBRJS TH B T WS 47485 7
RSy AR WS RAE 1 201,43 em ™ Ab R
e 41 2k 22 v AT A A SR A L IR Bl 0 B 05
VA A o 2 Bl A7 Rk ), H. CWS o 1 143. 98
em b FRAYEE T C—0—C TR B A
ST, it — 2 U W R 5 2R (0 R Al (e 27 4k 3 7
BRGNS AE 1 746,23 em™ A T IR T IR
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SR ) R T IE WS B AR IEA S L-Cys b
M I KR RN, AE 1 512,31 em™ 4k WS FiI
CWS 27 4 B4 5 0 | 32 06 Sl —COO—4E Bl g0 |
AR & AN5E . CWS F7E 2 582.42 em™ AbH
B—SH 4 dRoge ™, g L bk s g (g 25
16, UL L-Cys 5 WS &4 T W=t (1) 5 (2) iR
(N —SH B 5 I AR WS 24 I

3 it

3.1 L-Cys Fl WS it LU 2520 CWS PERERY
FERE, A TR 3K, CWS X Ph( 1) 1Y
W2 BT 2 B3 1 e 22 B0 2P 1 0 e 1 A 1R 32 52 i Tk
Z IRl /)y pH 5 R BE Z A AEAE 58 AR ]
XFPh( 1) A & 52m

3.2 CWS BAERIESMH m(L-Cys) :m(WS) =
1.58:1 JHE N 63.2 °C .pH N 9. 89  J v i} [a] Ky
4 h RS & CWS HF & KK
REBR AE 25 C T, LA 150 v/min B3R 3 5 SR 0% Fff
2 h,%F Ph( 1) AW P Ik 24. 06 mg/g .,

3.3 5 WS, CcWS iR BFL Mg FLR
SERITEIN AT W B A R £ CWS il #5 L
HEL N WS 5 FE5 B R A (—COOH) 5 L-
Cys 25 (—NH, ) & LEBERAL 0 .

3.4 AR EEHIE CWS [KH & 51 B CWS
X Ph (1) A4 I8 BFAIL 2R TR BRH: fE , X6 i 4342 4%
S R AR Z W S2FR Ph( 1) JE K ARAATSE , CWS
S B o, A EATY 5 o — 2B W5 ; IRl B X CWS 78
SBnr Ph (L) B 7K v B B 0916 24 08 B B o 5
PR E,

SEH:

DU /N M IS I, 5K %, S5 35 B A 7K A 3 A BF 5 ik
JE[J].Tolk/KALER 2020,40(12) :14-19.

(2] FMME 2 ok, H 4 Ja 5 e X PR 05 45 B 5 (R 47 1) 52 )
[J]. 34855 T#2,2023,41(4) :304-305.
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[4]ABOU-SHA D Y,AHM E D,ALMERIA O J,et al.Effect
of pH on separation of Ph( Il ) and NO; from aqueous so-
lutions using electrodialysis [ J ]. Desalination, 2012,
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Synthesis of Pyridine-oxadiazole Ligand and Its Application in Palladium Ion Extraction and Separation ZHANG Li-fen',
LI Shu-qi*" | YE Ze-cong** ,LIANG Ning’ ,XU Yi-chao® , LIU Zhi-hao®(1.School of Food Engineering, Tianjin Tianshi College,
Tianjin 301700, China; 2. School of Chemical Engineering and Light Industry, Guangdong University of Technology, Guangzhou
510006, China; 3. Telinga Technology ( Beijing) Limited Company, Beijing 100020, China; 4. Gansu Weimei Food Limited
Company , Lanzhou 730070, China)

Abstract : The extraction and separation of palladium from high-level liquid waste is of great significance to the recovery and
utilization of precious metal palladium resources and the glass solidification process in the nuclear fuel cycle.The key lies in the
development and design of efficient and highly selective extraction system.Based on the characteristics of efficient complexation of
palladium ions with nitrogen heterocyclic ligands,an extractant 6,6’-( (4-isobutoxypyridine-2,6-diyl) bis( 1,2 ,4-oxadiazole-5, 3-
diyl) ) bis ( 4-isobutoxypicolinonitrile) (T2) with pyridine-oxadiazole structure was designed and synthesized for the selective
extraction of palladium ions under acidic conditions. With 3-nitrobenzotrifluoride as the diluent and in the presence of 1 mol/L 2-
bromhexanoic acid, ligand T2 has a good extraction ability for palladium ion.The extraction kinetics showed that 68% of palladium
could be extracted into the organic phase within 2 h.The system is applicable to a wide range of acidity, and almost shows
quantitative extraction of palladium under the condition of 0.2 ~4 mol/L nitric acid, indicating its excellent acid stability. In
addition, under the condition of coexistence of multiple cations, the system can selectively separate and extract palladium ions,
indicating its good practical application potential. This work not only provides a kind of efficient palladium extractants, but also
provides an important reference for the development of other new palladium extractants and extraction systems.

Key words : palladium separation ; nitrogen heterocycle ; high level liquid waste ;solvent extraction;ligand
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Fig.1 Molecular structures and synthetic route
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AEHUERE

Fig.6 Extraction performances of ligand T2 for different

metal ions co-existing in simulated high-level liquid waste
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WERR . oMM XBE R T B ARG RO ER AT EM BE BHRARTHEEGHR
R FEFLE(CEER), AR MR ARG LMK AT AR F L, )2 AT
AAAFE RBAC T AR F AR B AR B 6 ik BR 5 AT R R B A dy ik |
BB RABIE AR AT 6 gy iR ik K

AR BEANFLS BREF @ nlKE R LT, 225 B IRRY P L LB F RXE A
Q5T WARIT R IR R A F N T F 0 E AP F o0& N BRS04 AP
ZAIAEF KRB HNE 9V 11A 19A B XK A S48 P AL MR B 209 257 @,

5 S A 1 I R B S 7 4 A IL AR A0 oh T BB AN XU A

A& R R ALK T
(AR Tk 3 iilrhc Est 100124)

FEE @I OUAL T 2T AR VRO (033 - = DY SR R I B R AR DU DUAR ) b T RE ARy A By ik, DI

¥ §h 4 HLB-SPE ZXHUHARFR 5 , DL FFBE-5 mmol FEREL AR s, i id Agilent Eclipse Plus C18 RRHD #8 iy 2 AH 2335 4
HEAT 53 BRI R LB 55 2 IR, 22 SOy Wil 4 2 U AT I . S5 R ER O, T R RO XU A TR I R BE 5~
100 pe/L S FEI N2 REFIIL MR R =0. 99, K HBRIEF Y 0. 066~0. 14 pe/L, -3 ISR N 88. 9% ~ 105% , K % 15
H2.97% ~8.20%, Ik REtE  RAEE BAER R R A, vl SBT3 My A A 5 & 0 R s o i
SRR T O A UURRW 5 e B8OV €835 o 1 Bk T 5 07 e

FE S 0657.63 XERFRIRAE A XEHRS:0258-3283(2024) 06-0077-06
DOI:10.13822/j.cnki. hxsj.2023.0779

Analysis of Trace Nonylphenol and Bisphenol A in Soil Sediments by HPLC/MS/MS WANG An-dong ,ZHAO Ming ,ZHOU
Gang ,ZHU Yong-wei~ ( Analysis and Testing Center, Beijing University of Technology, Beijing 100124, China)

Abstract: A method for determining the content of nonylphenol and bisphenol A in soil sediment using high-performance liquid
chromatography mass spectrometry was established via optimizing various parameters, such as mobile phase, chromatographic
column, mass spectrometry parameters. After extracting, the soil sediments were concentrated and purified by solid phase
extraction. While , methanol-5 mmol/L. ammonium formate was used as mobile phase for separating and analyzing by Agilent
Eclipse Plus C18 RRHD ultra high performance liquid chromatography column,in which,the negative electrospray (ESI") under
multiple reaction monitoring (MRM) mode was detected.The results demonstrated that its detection limit range was 0. 066~ 0. 14
pg/L and its linear range was 5~ 100 pg/L with R* = 0. 99.especially, its average recovery range was 88. 9% ~ 105% and relative
standard deviation range was 2. 97% ~ 8. 20% This method presented a good selectivity, sensitivity , accuracy, and repeatability,
which could meet the needs of accurate trace determination of nonylphenol and bisphenol A content in soil sediments.

Key words : nonylphenol ; bisphenol A ;soil sediment;liquid chromatography-mass spectrometry ; emerging contaminant

TAFRIAEL N 70 T84 ( Endocrine disrupting fEEsIR) iz Hrp TR Nonylphenol ,
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T B ZE N o i e, R K T Tk A
PR AL T JEORL, fE SR T A A Tz
P B A SR S I, O o B W kAR
WP, X HE B R 22 2R G A 7 A TR A RAE
RNV S eF 1¢ RS SN (- w N A P2 b
fiefaFEmm .

U Ry K PR BRI 10 o B2 R 7, XS
BTG REYITE IR P RS Al e AR 2S5
W AEE A AR, T RIBU A S5
W5l T A IR T o BE R ORI R A
W E BRI L SRR R BN TR
AL B A B A A AR S B
BUETURRY (975 G W ORI B K AR BOR 5%
PRBEH B OB v R 7 Y A 2
AT AE A i 5 R

H I, P45 B A A Y 23 B A I D7
T R SO R I AR
PR AR YO £ 3% B T AR K
SO T I i 7 6 T R OB A E
P A A AL B iy Ak PR A5 SERRE I ;w5 A0
AR T T 2R Fr i )-S5 R il i A T4
SEAIT ] FERs AT N R B Bk B 2 i O ik
JEXE L, BEA I e RCTROR (3 3 ol P 5 MG
IR &% , 0 M RAQEZ R, HH LT L3 i
PR, VRO €3 B3 1B P 32 2ok v I 25 S 1
RS A it FRLU S ) X AR BEA T 0, e PP (R
TR e EL A I (), € BA T R 1 ALY A 55
15 g5 i PRI 77 3% U, H i P %
TUURY b T3 OB A 1Y BRI 5A Hh & JF
i E MR AR RS DN 705 o SRBEDURR IR i 2 o
ok AP B L SRR A —E B 22
5, SEPRRE ARSI I LA 2 | RGN T 1 ) 1A
AT JRE R T e SRR A AR B0, A S it
FEHEEI AL T RSG5, S i Ak B
B PR R R e I E D5 i (R SE DL
R Xy A T2

1 K&y
1.1 EZUESEG

1290-6460C 75 15 50 AH €2, 33% - — B PU S FF T
AN (L Agilent 23 H]) ; Ultra clear TWF 7l
HBAl KA (7 [F SIEMENS 723 7)) ; AG245 B3 43
Z— RV (EE MR F) ; KQ3200DB 7 7
PP AT (B LU T A AR A7 PR F] )  HLB-SPE

U (Oasis 3ce, 60 mg/L, 3 [ Waters A A ) ;
Lab-1A-50 AU EL75 ¥ Wk T 1 AL (AU 50 1 2 B 52 35
IR BRA 7] ) 5 KD200 5 50 W 43 (AT JH Bk
IERABRAFD) .

i N W R B 20K W R (i 2l 55
[E Fisher Scientific 2~ 7] ) ; T-FE By b fE & AU A
FRE s B A N FRARAE A (5618 Sigma-Aldrich
NP

FER R AEIL T4 #1520 0 (2 40
40. 566 181,120. 745 262) , i A 45 BT IR R bE
PCETURY 5 (2915 em) , AEAFDURRYI 3 BT
SRR g R R DU B
FE A~ B 5[] — b R A 51 7K B 7K o, I
FHUR A A 2 R K PN 10 i 2K, DAL
SR URRIAEE . HEREE TIPS 90 1,
1.2 SEETTk
1.2.1 ARyl e

A3 RSB FRE (10, 0£0. 05) mg T 3 By b 4
W AU A BRUESS DL R A I ERARE S, B
P A T 1) S B VR A 1000 mg/T. B T 3 )
PRUERE AR U A BrUERE & A SO A AR
PRG-I, 2 BT BT UK 4 COREA R

HET AL GE 1 b A A v 5V, FH P s
FEECH B R 10. 0 mg/L Al T- 135 WU
A TRA B IO N PRARAE T R, FH P B AR
Tt L IR VEL A s v b ) VR T ) ol T R 1 X 13
A SRR E 510 5.10.20.50 100 wg/L HIIEFR
PRUETE R, £5 IR PR AR HE S W BPA-D AR 1Y
Fr R EE YR 50 pwg/L.
1.2.2  FEAhATALEE

PR AL DUBIIRE S AE L2 R VR TR AL
T B S RS, 1F 100 H 5, MERFREC (1.0 =
0.05) g VIR BBIE .04, A 8 mL AR
FHLHEL 40 min, KL 5 000 r/min [ 3 BB O
10 min, EE MK, I LIH®R, AKX T2 1~
2 mL, HHB 4K REZE 150 mL, it 0.45 wm 3%
T T A U IS A A T AR AR

B ARAE UG L - K 5 mlL IECUBE 5 mL
ARG S mL HEESEATIEAL, TR S mL
FH S 10 mL ABAK A TP, 33474 1 mL/min,
RE B2 mL ARSI E S pH 3 24 H TR
5 mL/min BY3RHE ST HLB /M, ek 10 mL
VOHER) cVOBEEKE W) = 1 :419I1R & 5
6 mL 1F O B A itk Bk, 4l 1 )5 & . weB.
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3 mL FEEATS mL VOIECKE) :VONERER )= 1:1
FITRAVETE L 1 mL/min (137 35 P8 B 48 BURE _E (1)
HARM B 2 10 mL BRI B0 b K adBve
R Ao s 2 T P EEE A 2 1 mL, HER
M5 wL(10.0 mg/L) BPA-D, AR, W iEIR &
¥4 )58 L 0. 22 pm (% PTFE S8R 2 -
1.2.3  {UER5MF

{035 251 Agilent Eclipse Plus C18 RRHD #
OB 15 FE (1.8 um, 150 mmx3. 0 mm) ;
.30 C ;AR 10 pL; i 0. 3 mL/min ; i 3l
AH:5 mmol HFREZ (A) FIHI [ (B) 5 B B Uk i 72
J¥:0~3.0 min, 30% B;3.1~8.0 min, 95% B;
8.1~10.0 min,95% B,

S B VR AJS EST IR, B P,
AR L 22 FOny W I (MRM) 5 T4 (N,) T
J&:350 °C; THRS(N,) Wi fiE: 5 L/min; Z L A% K
73:310. 275 kPa; ¥ RIE 400 C ;8. 12
L/min; BARATHLE 3 500 V, My FIXUEY A 5
WESHWE 1,

F1 NP BPA K[ E WA RS SHCE
Tab.1 Collections of the mass spectrometry parameters of

NP,BPA and internal standards

e MR R

_ M umT FET JER -y
FLo I VARSI = VA
o (m/z) (m/z) (N
min v eV
147.2 120 32 Negative
NP 6.35 219.0 °
133.0* 120 30  Negative
210. oati
BPA 372 268 0.7 90 30 Nebatfve
132.6" 90 30  Negative
222. 12 1 cati
BPA-D,o(IS) 3.63 241.2 o> 0 15 Negative
141.8* 120 40  Negative

T PR MO i i,

2 FHR5IE
2.1 SR
2.1.1 @RS

WA B ARA & WM 5T, A S5 38 ] 52 46 28 3
A Y KA 035 AR AT 5 5, 4 R R L Agilent
Eclipse Plus C18 RRHD ## & &0 A (3% 4+ (1. 8
pm, 150 mmx3. 0 mm) REMEHS H i fb 59 55 8L o8
o %5 W E I 1] < ) [51 B L € £/

T Agilent Eclipse Plus C18 RRHD #5554
WORH 35 AE 5 58 1 i s Al 1A HILAR Ry & i sl
WX H B 53 B 1 0 8 S 235 58 i 0P - /KA
TSl AR IR U AN 2 HOEE L AR, IRl 1 s

ARG B SR T GE RY , T BT TR s A, A L
T NG, 5 v T 55 f s SIOR A B A e —
B AN XTSRRI T S
T B R s Al A LT 20, Abs i s 432
LTSN AR ) QIS VB RE yad 5, A
REARUPIG S AR Bt AT 0 B, 2 T EIR B R I
L3 FHH BV R L sh A AT B

A‘ FBE-K
i i ) i ZHE-k
2 4 6 8 10
t/min
BB LS BURIR R
(I B

Fig.1 Influence of methanol and acetonitrile as mobile

organic phase on the chromatographic peaks of targets

R EEIAR AT S AR K AT B AR LG4
B ARRSE X L T K F 0. 190 20K |
FEE-5 mmol HFREE W FE-0. 19% H R 4 R [RR
SRR R T THEB RO A 1 i iy 568 35 00 335 0
TR B A A, 4 P sl AE AR R T 9 £ 3 1A
E 2 FiR, FEE-5 mmol H R SIAHIA R T Hox
BB e AR5 TR, H RO AR IBR
I HEDJE R JE NP ORIl BPA 254 Hh i £ L RS He,
BN EE PRI — s R WA AR R
P — 7 F 1 422 553 B 1 28 Ak am) | RE 8 (e i
FIARAb AP i s $2 e FL B AR AR ™ i 42
T BTG R N 5 I AR, SR e B, FE K AR s T
0. 1% P H FRAVE I S AH B 0 H AR & 908 13k
15 T -1y o N7, B AR D JBT T H B A A B O
NP F1 BPA TES 1 45 15 T 5 5 i 5 (B 7E (1% 1Y

k 5 mmol /L ! R - I B¥ ‘ \

I |
I\
I\ oa%FE-FRE |
0.19%% K- BE
K- R
3 4 5 6 7
t/min
B2 AREESIERT TS W A K
[l 2R P ) 1 B
Fig.2 TIC chromatograms profiles of NP ,BPA
BPA-D, in different mobile phases

I/a.u.
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ST B AR 55 IR B I AKE — € FERE A 7%
J S TN I 55 T C18 (oA Bl 5 4 2 1 3%
AEREFR LI SZ 00 RN T, XU e 21 1 547 1 ek
SR i BRSSP AR G A ) T4 2 BT o 7

BT Bk it s A HUAR FIOKAH 1 7% 48 B
Lk FTH -5 mmol/ L H R i 1E by A S 56 19 i 3l
FERR
2.1.2  JFUESEiL

o T M KA G Y 50 T I i B RE T T
i, 7E FL IS 55 L B 5 B B AR T B 7 A B e i)
N, R AR SEER AR ESI-BEN -4 7 B 45 1R Y
S Ak

it SCAN B AT — SRk B 5474,
e 5 AU A SOy A AR B 5, 41
WA m/z 219.0 . m/z 226.8 .m/z 241.2, BE)5 A
Product lon Scan #=A06 H 2 #4714 4347,
G R AR B R e 7 i SR A T S B T R
A AE iz H AR i € BB 1 AR B E R T
(£ 1), WJGTE MRM #0F @ 38 2 fp i 6

mAU| TTC
100}
s0f h A
0 ; . ; : .
2 4 6 8 10
mAU_ t/min
10rgpa 372
226.8 — 132.6
5 -
0 N I I I A
2 4 6 8 10
mAlg t/min
[ BPA
37 226.8 — 210.7
1 i
0 ; : . . :
2 a6 8 10
t/min
m%g-BPA—D,(, 3.63 24122227
40t
0 : . . : ,
2 4 6 8 10
ng_ t/min
BPA-D,,  3.63 2412 — 141.8
10¢
0 . . . . ;
2 4 6 8 10
mAU t/min
100 np 635 119001330
sof
0 . . . . ;
2 4 6 8 10
t/min
mAD| Np 635 219.0 > 147.2
5 L
0 N N i N ;
2 4 6 8 10
t/min
B3 Sl )E R T & MRM (443 &

Fig.3 Total ion flow and MRM chromatogram

spectra after optimization of conditions

AR PR R R AR SE bR TR
AN, ) B B o A0 B I o A T R AR
SR, i NP BPA J2 BPA-D, WYEE B T 5 45 1iF e
BRI 5 B e R, e A TR
TS RAE S B R 1, Ak )5 1 B 7 00 181 &
#% HERLA I MRM 35 4nE 3 iR,
2.2 TR
2.2.1  FEEFRON

He R N ( Matrix effect, ME ) SEAE M i 2
B A ot v RO A At 2 I % A ST
ESI & F 5w A5 1L, SBHRL S Y BT
PR P ) i | A T 2 o 3 7
B, B RS T ARRE BR vE V U
o A VL P 7 e B8 X S RSO R A T VA, LA
AN (1) Fos

ME(%) = (A auin/Amethano ) X 100% (1)

— A, ME {ET 0. 85~1. 15 Z [a], it
AW B B R B N, ME > 1. 15 /R 2L
5k, ME<O0. 85 W/ ILFAm ),

ARSIAEAS FIRE S A BIMAAR (10 peg/L) |
(20 pg/L) (B (50 we/L)3 7K B 1 b e
VST ) oA LA Y sy I 1 [ o s AR
SEATHERED A 3 Uk, AT 25 F N TR AR & b
NP F1 BPA f°F-3 ME {843 74 0. 85 F1 0.69,
TREE AR S PRAE i 6 NP AT BPA 1 & 2 0 a2
FETE—E W FE A HI RN, H BPA (1435 53 1) il 3%
A R MRS o 1] 2 (3%~ 5 e A =Rl
FE (AR 7S S5 7 8 ST 7 7 3 I AR I
AT E I P EAA 53U A 2RI 4k
S RS A RCR Y TR 28 R B R R 4K
TH B3N B T4
2.2.2  ARHERRZE B A e R R

KA NARE AT 2 5, 8 5 MR B (5,
10,20.,50.,100 wg/L) BRSPS HEA IR AE R AL 4719
S R TIE , UL AL S B TS

R?=0.9966

A IA

£0.5-

0.0

///
S

BPA-DI6

A lA

R?=0.9991

0.5 1.0 15 20
CBPA/CBPA—Dm

0.5

1.0 15 20
CNP/CBPA—D15

B4 BPA J& NP P Ambrifih 2k
Fig.4 Internal standard curves of BPA and NP
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PIBRA) A i B I e T RRL LGB A DA A b, Tk B L
BB AR il An i TAEINZE . WiE 4 PR, T
Sl WU A FE RS M B 2 O R BT,
FHFEZEL(RY) 439120 0.999 1 F10. 996 6, AL
JESE T,

TEZ LW 21 T, L 3 5 A 10 %515 e e
(S/N) XN Y 5T o W B2 i 8 AR J7 75 I A T FR
(LOD) FlE & FR (LOQ) . Z5REW] NP [z BPA
A H R 2350 h 0. 14 1 0. 060 we/kg, & HEFR 43
oM 0. 47 F10. 22 pe/kg,

2.2.3  JInbmEDECR SO

PLSEBRZS FRE A EAT 3 7K P BT L 1 A XL
1 A inbs G, s K743 5104 5,20 Fi1 100
pe/ L, BEAKFEHE4T 6 AT, #4218 1.2, 2
RIS 78 1. 2.3 R A0 F b7, e Inl
R RANFE 2 Frn, NP Fil BPA B2 [ )i %
7 88. 9% ~105% , FHXFFR M 25 (RSD) 2R 2. 97%
~8.20%,

F 2 vk R RO B S A

Tab.2 Summaries of the recovery and precision

measurement results of the proposed method

(n=6,%)
AR T iRk IR
5 pg/'kg 20 pg/'kg 100 pg/kg

HAryy

FE O MXEE PR AXRR S MR
MR efrze WIBCR dERZE DPIBCR iz

NP 90.1 511 102 423  98.6  2.97
BPA 889 820 105  3.77 103.0  3.46
2.2.4  REBRE(CCa) FIKINZEH(CCB)

R CPAT O T3 B 7 i i A7 4 R A B 1Y)
WRBHZE 51 25464 ) (2002/657/EC) iR HI ), desE
BEE( Decision limit, CCa) IR RTEHETIIRE ,
SEEIE AT 5% 1 AT RE M B AR BH P 4t 2R 5 A ) 4
i ( Detection capability, CCB) M| &/~ 1% H bx ¥y nl
VIR P e SR (IR B2, QR it iz ) o
T CCB, Fm LA 5% 1Al Be 1 B
I BEPESS R, T H AR i H b T
FEB AN A 7E DU It R A BR s i
NAGIE R B ( Validation limit, VL) R Kk, =
R B I T4 A A ST e T AR L
i CCa FI CCB T T2 o AUl s,

CCa = 0.2 X VL + 1.64 x SD , X VL (2)
CCB = CCa + 1.64 x SDy 5 X VL (3)

Forp ARG TS o TR A XU A HYAR
K U R R R AR 2R G R B, AL R

VL8N 30 pe/kg (T-HE0) 2 H 10 pe/kg
(KU A) >, SDy , X VL AN 0. 2% VL 7K 43
BT B RE S BRI 22

SR AR T B Y CCa, CCB 43
J£9.75 A1 13.5 we/keg; W A 1Y CCa,CCB 433l
S 5.56 f17.12 we/ke, YITEAR T B B 1k
BESE BN, R SR AR SC R 37 1 i B g 3E T
BEUURRY M G 1 22 1A 95% 1 T B 1 5 3L
Wy A BRI
2.3 SBRRE SR

R FHAS SCARARAR 21 10 5206 2% A X R A 1Y) 18
DU R AT 0 b, HERD 2R 1. 2.2 7 ik Ab R
J&  FE 12, 3R T HE TR, 25 R R
HERE S P T 3B S BB E R 7.73~36.9 ng/ke,
WUy A B & Y B 3,30~ 16. 3 pe/kg, B fn ik
B BN 3 Fis . ULIHIZCRE S A — e R
1) T BE 19 AR A 1Y) 5 5 AU | i 5 A — 200
TR .

x3 VIR NP FIBPA & il e g5

Tab.3 Determination results of NP and BPA content in

sediment samples (pe/ke)
e R Y ] e AL WL 2{E
NP 7.73~36.9 11.35 12.52
BPA 3.30~16.3 6. 68 8.03

5 R SZBRkE S HERIE S 90 B8 T M
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Fig.5 Total ion flow and MRM Spectrograms of

samples in actual soil sediment

3 i
ARSCHEENT. T v ASORORH €% S B F 3 TR
A4S0 - HE U RR ) R T S ALY A S =AYy



82 {228 %] CHEMICAL REAGENTS

2 46 B 6 1

5, BEIMA T AL RS B S R
M) 7 Y2 PR P R St VAR EE A PR R O X FE R I
RO | R PR ARG 7 2 AT T TR A 20 B
HER, ARTT AT AL BT R A bR i E
FEJE b AR T 52 2% - S DT AR W R il B0 35 T 2K
IO, R HE R R, AT 2 DU R
T S RO A A5 P20 A I ) PR 5 AL
R oK

SE .

[1]LE G.Twenty-five years after “ Wingspread” —Environ-
mental endocrine disruptors ( EEDs) and human health
[ J].Curr.Opin. Toxicl. ,2017,3(4) :40-47.

[2]LI L,YING Y,ZHANG C,et al.Bisphenol A exposure and
risk ofthyroid nodules in Chinese women: A case-control
study[ J | . Environ. Inter. ,2019 ,126(5) :321-328.

[3]BANG D Y,KYUNG M,KIM M J,et al. Human risk as-
sessment of endocrine-disrupting chemicals derived from
plastic food containers [ J ]. Compre. Rev. Food Sci. Food
Safe.,2012,11(5) .453-470.

[4]HIPWELL A E,KAHN L G,FACTOR-LITVAK P, et al.
Exposure to non-persistent chemicals in consumer prod-
ucts and fecundability; A systematic review[ J |.Hum. Re-
prod. Update ,2019,25(1) ;51-71.

(511 RA. T5m -5 W A EBRIL HK A 3h ik
WHIRZRHIE[ D] 7R R R, 2015.

[6]KORKMAZAZ A,AHBAB M,KOLANKAYA D, et al.In-
fluence of vitamin C on bisphenol A, nonylphenol and oc-
tylphenol induced oxidative damages in liver of male rats
[J].Food Chem.Toxicol.,2010,48(10) ;2 865-2 871.

[ 7]ROCHESTER J R.Bisphenol A and human health: A re-
view of the literature [ J ]. Reproductive Toxicol., 2013,
42(12) .132-155.

[8IRANE, Fitlh, =ik, 45 VL Sk 42 9 AL & W 75 s B
RB A GE BB T [ 1] R 5 R, 2022,
45(9) :219-229.

[0 Sh3sis, XU, B B, 5. # A EA HLIS e 3R B
HERAE A A B ST P e S R B[] ] v [t ) A
2023,10(3) :117-130.

[10] 4 ar , VFEF, Eh M, S5 AL FTAT A2/ UM 3% - BTk
TR I 0 i 1y Oy R R ST [0 ] a0 A D A 4
2005,24(1) :49-52.

[ 1L] B e Wi v , 46 RO Ak - etk i 7 A= AL <A
3/ BTSN E 3 11 M AW )] A
k71 ,2022,44(1) :110-115.

[ 12]CARME V,MONICA I, VICTORIA S.Two polydimethyl-

siloxane rod extraction methods for the sensitive determi-

nation of phenolic compounds in water samples [ J].J.
Sep.Sci.,2014,37(24) .3 706-3 713.

(13 ]5R3c, T, BAf I, 25 [ A -0 (/288
ARGk [ I 2 7K Fp 8 ot 3k 1 e ik 1 3R A 2 0
R[] L2 ,2018,37(3) :497-504.

(1418 3007, B/ND5 BN, 45 K h XU A R 5k 5 K
4-T- FE T B4 R OB (3 DA TN 123 [ ]R8 5
FEZ%5%,2013,30(11) ;1 017-1 018.

(1S TBRGINI  BXA 57 , 1572 2. ] AF A% -0 R 533 - 1 6 5
PRI KUK P AR S RS ALY ]I
PAR A ,2012,22(12) ;2 798-2 801.

[16] Bl JEFEFy VE VT, 45 R EE T M 3R KR 5 TR
7 B G B A A W TS YRR AE A 25 KUK 43 BT
[J] AR T 2741, 2020, 15(1) :230-241.

[17] Eh3Fy , £ —44 W03 55 R 2 SOROM €833 e I5¢ BT i
TR E A A B R A AL S ()] A E I
#1,2023,45(2) ;141-147.

[I8)AAY: HRvTEE , BE 4. UPLC-MS/MS il i %41 L
BC S0k b WUy A R B W [ 1], & Dol B4,
2019,40(17) .238-243,250.

[19]MENG M H,HE Z Y,XU Y P, et al.Simultaneous ex-
traction and determination of antibiotics in soils using a
QuEChERS-based method and liquid chromatography-
tandem mass spectrometry [ J ]. J. Agro-Environ. Sci.,
2017,36(8) :1 672-1 679.

[20]ZHOU L J,YING G G,LIU S,et al.Simultaneous deter-
mination of human and veterinary antibiotics in various
environmental matrices by rapid resolution liquid chro-
matography-electrospray ionization tandem mass spec-
trometry[ J ].J. Chromatogr.A,2012,1 244,123-138.

[21 JCARRETERO V,BLASCO C,PICO Y.Multi-class deter-
mination of antimicrobials in meat by pressurized liquid
extraction and liquid chromatography-tandem mass
spectrometry[ J ].J. Chromatogr.A,2008,1 209(1) ; 162-
173.

[22] FFidsnik. 2 W U 20 v 22 0 24 W) v 3 kO A A ik
FARWFE D] ALHT: sh A BB, 2017.

[23]PETERS R,BOLCK Y,RUTGERS P, et al.Multi-residue
screening of veterinary drugs in egg,fish and meat using
high-resolution liquid chromatography accurate mass
time-of-flight mass spectrometry [ J . J. Chromatogr. A,
2009,1 216(46) :8 206-8 216.

[24]BOUSOVA K,SENYUVA H, MITTENDORF K. Quanti-
tative multi-residue method for determination antibiotics
in chicken meat using turbulent flow chromatography
coupled to liquid chromatography-tandem mass spec-

trometry|[ J ].J. Chromatogr.A,2013,1 274.19-27.



55 46 555 6 W 1187 CHEMICAL REAGENTS hitps : //hxsj.cbpt.cnki. net

ETEABRRBEANIRICEEREMNZFENEFERR

ﬂ,ﬁiﬁ;],z,.% /\i‘@ 21 Z,Ti%?l ,2 ﬁ;ﬁl'z,’fg‘%%i{él ’$E£] ’jd}%!??,,;;gaxlz
(1. BV L TR e FRA R, BV 200062 ;2. 1 i 17 Fs g [6) o7 28 K6 K v A & Tk B AR IR 55 &
g 200062 ;3. [ IREACH KA BE A BE R R A B BE B AR, Bl 200127)

WE Gk, B RN Zbric b &4, LR RN RARC &I MR AE A UL W4 R A A 2% AR A 2 S i i B4 0 5T
R L MM E R A IE R . B T — R T A MRS F 0 SR 10 S R R R 6 R BRI s DA PG, PN
B2 R, %5 5% 1 REA R EE | DO R TR A AR R R [R5 3R F BT A R A e, 25 R R W s B R R A
FFRE P, B R il D B E R B A Ry — P TR 3 0% [R5 2232050 B 45 vk 5 b A AR A 2 i 2 A Rl o
FR AR N T P2 B0 R,

SRR WARIC S LR 5 W 28 18 5 W R LI FH S 45l P C,, PN-H AR

FE S E S 065 XERFRIRAE A XEHR S 0258-3283(2024) 06-0083-06

DOI:10.13822/j.cnki. hxsj.2023.0664

Analysis of Isotope Abundance for Double-labelled Amino Acid with Liquid Chromatography-High Resolution Mass
Spectrometer ZHAO Ya-meng'>? XU Zeng-yi'*> ,FAN Ruo-ning'” ,XIE Long'* ,HOU Jing-hua' ,LI Liang-jun' ,LIU Jian-jun’
LEI Wen™"*( 1.Shanghai Research Institution of Chemical Industry Co. Ltd., Shanghai 200062, China; 2. Shanghai Professional
Technology Service Platform on Detection and Application Development for Stable Isotope , Shanghai 200062, China ;3. Department
of Nuclear Medicine, Renji Hospital ,School of Medicine, Shanghai Jiao Tong University , Shanghai 200127, China)

Abstract : In recent years, stable isotope-labeled compounds, especially isotope-labeled amino acids are widely used in frontier
scientific research such as synthetic biology, proteomics and metabolomics. An analytical method for the isotopic abundance
calculation of “C,, "N double-labeled amino acids was established based on liquid chromatography-high resolution mass
spectrometer ( LC-HRMS ). Application conditions, sample concentration and the number of scanned mass spectra were
investigated. Results showed that the method had good accuracy and stability, required less sample and was easy to operate.lt is
expected to be a simple and generalized method for quality control of isotope reagents, and also to support frontier scientific
research such as fermentation engineering and metabolomics.

Key words: double-labelled amino acid; isotope abundance; liquid chromatography-high resolution mass spectrometer; quality

control ; C, , " N-glycine
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PRICHYSEVD PETT R 28 B, Bl 5 3k < it 7R
2 A BB K e R R 2 E BE Ay M i) 3=
Bk, AT AR IERE S5 A SR B
ARTF & TR MBS AL R S b &SRR PN [F;
REEITE A, B S Wik
e R I B 2R T B A R A R e R,
LT B T ROR €S- SR I A A TR R R
JEEPREE I R T AR R 0.1 o/L DA |
B, R 7 R 22 < 0. 2% atom% D ( ShRiETT %
o), FHmBME RSD<0. 1%, =2 P B 8 e
Iy PR AT ST SR R R AR C s 1 o B
SRR AE R 2 FE TRy T O Sz i
P RHAE 2 Ay T 38 T DU ST B0 B s 40 B o %
AU SRR IC A B W TR 2 A 5 = B A )y 2%
RS PRH R U ST bR 12 1R 7 28 43 A AN B, ELRT A
RN D AR S BT R4 &
J& WU ICA A L H O bR e & S R L2
3 I NS D TR TR TR A i W o 2 ol
B2 A G 1Y RS 3R 3 BE A AR 1 R BT PPN
T,

PL e, PN-HER (P C,H, °NO,) R, 5%
RSV BE BT RO X [ A6 2 B D 1Y
SO RS T R ER A R SRR
SEELT PCOR PN [ R A E R E,
Hb A IR FAREIE A E 2440 PGy, PN, -
AR R RO R R A5 R R i B
A e A MRS R AR M, SR XUBR A R 3R 3R 7 Y
[ R AL T — i | R A ik

1 KEEs
L1 AR50

Orbitrap Exploris 120 % &5 43 B % 50 5% A Y
(36 [ B8 B A R BB A R 22 7)) 5 METTLER-
XPE B 7R (i L AR B A 2 4R T ) 5 Vor-
tex-5 TR0 iR FiE A3 (I AR DL 7R ASC 28 il 3 A BR 2
#]) ; Merck-Milipore Simolicity ™ I #8 4} /K 22 4t (1
FEBREAH)

BC,, UN-H AR (R R F B 99%) L PGy,
PN, - R (R 2R F 99, 2% ) (3 I S 5
i) HEE R (LC-MS 9%, 35 [ Thermo Fisher
FHEABRAT) .

1.2 hrifEds i e

HERG PRI 1.0 mg S HEIRFE M, A 1 mL

50% H B KU, IATHE 30 s FEAMIRAT , B BLHk K

1.0 mg/mL AYGHET R, THEA 6 RO i 25,
509% HF I 7K 5 R B A 100 ng/mlL 200 ng/mlL .
500 ng/mL 800 ng/mL .1 pg/mL .2 pg/mL B TAE
PRUETE W o A 25 WO T AR AR WV W R T

4°C,
1.3 SRS
1.3.1 figsf

%4 : Hypersil GOLD VANQUISH I (7 3%
(100 mmx2. 1 mm, 1.9 wm) ;WA FGSA A A
H I W ShA B 4 0. 1% PR B /K IR Ve 4%
4::90% B ZEEBEML 5 min; 7% ;0. 3 mL/min; ¥
ﬁéi:l MLo
1.3.2 kst

B UR . ESI; B 85 %5 B R (Ton Sray Voltage) .
3500 V; %45 ( Sheath Gas):5.34 L/min; i BhX
(Aux Gas): 9.35 L/min; B T 1% i & I8 .
320 °C; FHA 245 (Full Scan) BT IF &
THH; /3 HE A 12 000 454 T far Lb 3 . m/z
70~500,

2 HER5IHE
2.1 XhRic @I R FE R
P A B SR R G T R R = B
SR, B e e e AR R (SN (1) )
JEAT B AR IR IR AU 0 ) 7Rk . XFF P,
PNARic S, s 22 EHE N 1A PO L
A~ PN BRI R EL 22 (0,006 3 Da) |, JUr 5 1 i
KATHEREL R 32 K($& 5 F it i K 2 5 R (B 2
PRI o R AARE I3 7 % €D FRid &
N.D bRic B BRI AT 73 P05 BT s ds R o7 Pk
FOHh 70 K R 2.2 K, /NFALES 52 bR 4> B R
(120 K) , AT DA SE i A A 10 B X 4 25 U
S3ES R TR B A
R=[(ml +m2)/21/(I ml —=m21) (1)
A, ml,m2 43 XA AW B LE
BEAN A T ol O 2 6 T [A)4 R T
SR BRI, FAA A o il 22 /)
T4 Tl 28 SRR A AR X ) 7 w22 ) A g
B PRAR SR 22 8] TG T4, A3 2% ot 2t i i 2 (IMD )
FAEXT R A 22 (1ID) i3 an=X(2) Frw .
eor = Mool | /My ] x 108 (2)
Kof M, AHEE R 6~8 &1 P STl {8 5 B IS (8 22 e K
PR SEEART 3 M 0 R REIN AL B P AU BEAE SR AT L
ID =[([MA,B, +H]*-[MA,_B,,, +H]")/
[MA, B, +H]*] x 10° (3)
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FRHE A5 25 - BT R 0 WS P B U 12 2 R R [ 37 3R 2 L 7 ik o 85

Arh A BB A BRI PR IEE  m 0 (R E
FRCAEG [ MA, B, +H] [ MA,_, B,,, +H] "Bl otk &4 b i i
BCIASIE 1 Rl [ 2 BRI 2 RO L

AR (3) TR T PC, PN ARiE .C.D
FrRid & N D FRicd 2 , Hom KR 3R I 22 53 1)
730,10 F1 400 we/mlL, il & I 25 /N FA0 4% T
W 2= (<5 pg/mL) KR, AT 208 HG/T 5942—
2021 FRifE"Y | BRI SRR 10 2 FE R 4% A A &
HfE S B AT F TR, an=l(4) FR .

E= Y (n-x,)/n (4)

A n KR B B ARIE A v, HERIDEA
St T R ) 7 3405 T 43 L

UGN, 7E B U A AT e A AR I %
i A TR B DR AN o i R LA D
22T 45 R 22 S AR B AR T R 67 220 22 .

2.2 AR FE AR

PLBC,, UN-H 2R R 1, 43 SRR v
JOT A1 T A5 S T e e [ o 2% 3 FE A I 245 SR 1Y
IR AT 552, 0 R R A 10 2 BE R AE i 1)
PRI 2542 5 38 2k 22 YRR 0 B A5 X6 1k T A
PEFFSE P T % 5,

2.2.1 LC-HRMS ¥ K43t

EIEE PR T B, N-H & R 1T )
FEE AT, B anE 1 s, i TR ic LS
YIT REAETEAR S8 2 hRic B O, L TE ESIT B3
EmTREfEE [ " C,H,"NO,+H " [ " CCH, " NO, +
H]". [ " CHNO,+H]", [ " CCH,NO, + H]",
[C,H,"NO,+H]* [ C,H,NO,+H]" X 6 F /315
U, FORE A 5 Ay LU AT 3 o R D S R o
HHE, RGBSR, 454 WAL R 3B 1Y
A IE RV AT 58 R 3R B B3 HAA

207 x104 13C,H,5NO,
79.0431
154 2500 BCCH,*NO,
2000 78.0397
. 31500
2 10 2 1000] GG
K N 76.0393 C,CH,NO,
~ 500 78.0460
0
5 76 71 78 79
- mlz
e L

05 76 7178 79 'g'(/)z 81 82 83 84 85
1 °C,,"N-H &S E
Fig.1 Mass spectrum of ”CZ s ]SN—glycine
2.2.2  UETHIR SR BTN L
2 (4) AR A 2R B 2 e [ R A0 A A
3 LEFARIC A B0 545 21 Y | W T AR R 5 i 1)
ALARZRAG G W08 BT e 7, 2 100 A5 B[R] [ 6 =

LSRN SN A 3 WS o 6 B VA = 94

T AR FDT TR SE Rl Refr e ok 22 5+ I

B4 1 U T AR S B2 P A AS [ B e =0

A RNV DA T (GRS AN A DI EI VA NS O = =

M 3 IRBE RN R TR E L,

F1 o DAGERBURIEREE T PC,, "N- 2R
)7 38 B B4 R X L
Tab.1 Comparison of ”C, , " N-glycine isotope

abundances calculated as peak area and peak intensity

I YR EL MR
Ui JiE W TR
1 98.93 99. 04
2 99. 07 99. 18
3 99.26 98.99
[l 3 Z F: B/ (atom% ) 99. 08 99. 07
A AR AR 2 (n=3)/% 0. 14 0.08

RN 1 BN, AR BT A 2 0 [R) 7
RAFBEN 99. 08% , AHXS bRl 224 0. 14% , L)
T AR AR B W WAL 2R =F R 99. 07% , A% b
HEMRZE N 0.08% , WiFPit 5 J7 :0A5 2] i 4 J 5
A —F0, ARARE IR 22 Y9/ T 0. 2% , Ul DR e Pk
RAF, DAV B TR B B AT BN AN A
KA+ B FUEH TR B L TR, I 5
Sz Rl 2 S BT DA FE A TR
2.2.3  FERIKRIE

FRE it e JBE 2 R i (i) 457 2R = A oA it 1 A
FEME B BRI 2 BERE Gl OB AR B oy L
URE AR BE AR, AR ic T =X o B 0
Gl zer N sl R RN TR = R A = 52 g
25 SR 5 T2 v A AR o R U 25 ) s A B S
Ye S JE SR SR I, A Bl X) 0.1,0.2.0.5,
0.8.1.2 pg/mL Y C,, "N-H & B 78 Bk
Sy, A 3 R MR )67 3R B (S AR AR
T i 25 0 5 A ) B A A BT R

e 2 Mk 2 i, Y PC,, PN-H AR
0.1 weg/mL B, 7545 2 0 W] 47 2 F BEAE R
98. 21% ,FAXF AR HER 224 0. 28% , X ] fig J& th T
FE R BRI, & i BRI R S e bric b &9
AT REAEAEARTINAS 2 155 0, DT 52 i) [ 467 28 = &
R T3 5 Bl R R R TR 38 = AR
E B 22 305 2 Mk BE N 2 1 pwg/mL B, )37
RS TRE (99. 03%) , AN HRAEN 2%
/NC0.01%) , H 53500 bR s (8 (77 %8 3 B
99% ) FEA—F, HIL 5 22 50 50 e PR AL i W N
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I pg/mL, x£3 ARMEIEOF BC,, "N-HEARFEHE
100 Tab.3 Isotope abundance of °C,, "’ N-glycine within
i 99| P . different time windows
£ —
ggpk/ AR /min FHOKEC TR FREE (atom% )
% 1 0.74 1 99. 06
g 97 2 0.73~0.75 5 99. 06
E o , , , , 3 0.71~0.76 15 99. 08
000 ey 4 0.69~0.78 21 99. 11
5 0.70~0. 81 26 99. 09
B2 REWKEF OC,, N-HEm A %
NFRIMREE T PG, R A IS I Catom) 99,08
Fig.2 Isotope abundance of ®C,, " N-glycine under FXTER R % 0. 02
different concentration 2.2.5 ﬁ?‘%%ﬂé Jﬁ‘%uﬁ@

£2 AFWET “c,, "N-H &M R F R &
AE R A 1 i 22
Tab.2 Isotopic abundance and RSD of “C,,"*N-glycine at

different concentration

FER R/ [F) R A AHXS b o O 2
(g mL™") (atom% ) (n=3)/%

0.1 98.21 0.28

0.3 98.70 0.03

0.5 98.79 0. 04

0.8 98. 84 0.07

1.0 99.03 0.01

2.0 99. 00 0.05

2.2.4 UK

Jo i B Al e B T BT A S R R
A REAFAE—SE R, WP EE A 1 pg/mL 19 BC,,
SN-H&RRIEAT R R 3 B 40, 4 B HAL 5 1
TOUAS 78 PN A AS [ S E) 6 11, a8 3 op Al g 1,
i E S T EAL R IR, AR 3,
[ R [B) 6 11T W) 052 28 2 B TSR AR b v i 22
0. 02% , F-H1=F 1}y 99. 08% , 13 W i 3% I 41 4 5k
Bouf [ 2 2 BE B R AR R, T R4
WFoE 20, 24 ik A AT A5 R 10 1, 245 SR A A
9 B FIEA B T ol R Rl R R R .
BRI i R R A% 1 A T A B 0 T A5 7
PR B AsF T) 7 11 P9 BB AL 10 5k Bl A B 3 1Ak
r&Imawr,

x10°

I/a.u.
E

04 06 08 10 12

t/min
B3 c,, "N-H MR T
Fig.3 Extraction ion chromatography of C, " N-glycine

FHARICIE AL G WY Bk i B2 5 [l 3%
FETHEAE A 1 2 DDA G, T B A A B e
PO AT R 4 S BB S bR 1D T Ak &5 0 1 43
TR TR BE R AR AR AR DA T 5 e ] 32 3R
JEAETHE . T B B0 % LA A HL
TR, FLRGE X P C,, UN-H R R AR R R
(BRI M+1,M+2) J3 725 1 W BRIS IGe oi 5 5 LE A
S ) LA, TB) 25 5% 1 e 20 B B0 Joi e I AL K
N7, G035 4 Fros, BRI [0 28 Mo B2 o bE 0 S
{ELFR i 22 < 5% , 18] 4 158 B I3 33 A0 2 1) S5 B A4
/N o F R TR AN
W 7 R0 28 B AR I AT 220 BT e B R AN,
A A X T R,

F4 UC,, UN-HERR KRR R IR BEXT 1L
Tab.4 Comparison of natural isotope peak intensities of

B¢, , " N-glycine

K BUGIE BUSIEIRAL SKINiE SCIVESRIE  fR2E/

gty s Q1Y) 3 ditb/% iR i /% %
79.0431 100 99. 10 100 99. 14 —
80.048 8  0.62 0. 61 0.59 0.59 3.28
81.0478 0.29 0.29 0.28 0.28 3.45

2.2.6 TiEKEEE

STREE A 1 wg/mL 9 PC,, "N-HAMREE
HFE 6 AT R 2 TR B R ik iR E
P, SR mE s i, iFEMAE P FEER
98.88%, "N F & K 99.30%, tH Xt bx #E i 22
(RSD) ¥4 0. 06% , & [7] 3 & £ &~ 99. 02%,
RSD 4 0. 05% , Wt BHI% 7 VG 2 B R A

3 AENA

KB S X AR IC T R B
F:I UGy, PN, E R T FE I, gk 6
N EE R 3 RAFR] PC O FEEN 99.17%,
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FRHE A5 25 - BT R 0 WS P B U 12 2 R R [ 37 3R 2 L 7 ik o 87

£SO, N-APEREIE
Tab.5 Isotope abundance of *C,, "’ N-glycine

2 RE 13 15
IR (éal()[rnjj;o/) ( ator(;];u ) ( ato:‘/% )
1 99. 04 98. 87 99. 36
2 99. 05 98.91 99. 33
3 99. 02 98. 89 99.27
4 98. 96 98. 82 99.23
5 99.10 98.98 99. 34
6 98.97 98. 83 99.26
PP/ (atom% ) 99. 02 98. 88 99. 30
FAXSARUEN 22/ % 0.05 0.06 0. 06

SN SE Y N 99.31%, HJE ;B RN
99. 21% , FiA I [FA; Z 3= BEAn s (8 ([l 7 R F 5
H>99. 2% ) HAS— 25, A XF Hr I 22 < 0. 04% , 1E
— A UL IA i B AT A e A v MR A AR E v 36
FRARIC R ILRR (10 B T3, s o SR e [Rl 7
FARER A T —FloBr 4 BT i
F6 UC,, N, MEm R
Tab.6 Isotope abundance of ®Cq, " N,-Lysine

B Bes PN/

(‘atom% ) (‘atom% ) (atom% )
1 99.20 99. 16 99. 32
2 99.19 99.17 99.27
3 99.23 99.19 99. 34
FEFHMHE/ (atom%)  99.21 99. 17 99. 31
AR AR IR 22/ % 0.02 0. 04 0.02
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Abstract ; Based on hyperspectral technology combined with chemometrics, to establish a method for detecting the content of
andrographolide components in different germplasm of Andrographis paniculata. The hyperspectral information of Andrographis
paniculata samples was collected to obtain the raw spectral data ( Raw Data).The Raw Data was preprocessed using first
derivative (D1), second derivative ( D2), savitzky-golay ( SG) , multiplicative scatter correction (MSC), and a classification
model was established using partial least squares discriminant analysis ( PLS-DA ). Regression models were established using
partial least squares regression ( PLSR) , back propagation neural network ( BPNN) ,and random forest regression ( RFR).The
application of successive projection algorithm ( SPA) simplified the model. The optimal classification model for different
germplasm of Andrographis paniculata is D1-PLS-DA.The optimal regression models for andrographolide, neoandrographolide,
deoxyandrographolide , dehydroandrographolide ,and total content of the four andrographolide components mentioned are SG-PLSR,
MSC-PLSR, Raw Data-SPA-BPNN, MSC-SPA-BPNN, and Raw Data-PLSR, respectively. The application of hyperspectral
technology can achieve rapid and accurate detection of the quality of Andrographis paniculata.
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network ; partial least squares method ;random forest regression
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Fig.1 Box plot of chemical composition content in samples of different germplasms of Andrographis paniculaia

2.2 OLigh& st

XFAN [ 55 119 28 00 S A i Raw Data SR P34
8, s 2 B (B 2a) . NG FF,
ANV BT (9 2 005 - Y3 ith Ze A2 Ak k3545 Al
L, i 2R e 550 nm AbJE W U 0% 7 670 ~
1 300 nm P& EFF#EH JEHIE 670 ~960 nm, X
SRR K 7E 1300~2 500 nm R 5L % 5N
RS A W G A R AT R SO R AN [ i
EHEATIA, 550 nm BFFT 0 0 Y X . O—H 1Y
WHIZ ;840 nm MEE IS C=C—H
C—H M5 =32 %4 55970 nm BfF 3T (4 W Wi
O—H AYEH 3z 5 518 51 120 nm Ak A4 W2 i i A
1 300~1 400 nm XIRA WIS C—H BYEH —hiff
A K1 470 nm AW B O—H 1955 —
ZH ;1 600~1 700 nm 2L ILS C—H B —

ZEH ;1 950~2 000 nm 0 [l A4 W 0 5 A 4
C=0 M5 Z Pz &4 ;76 2 000 nm Ab (1)1
Wl 5 0—H i 45 3% 3h S il 4R 34 5%, 2 200
nm ZbJE C—H 1 C—O0 BB A WYl ;2 370 nm
BFSIT AR AR . C—H A9SE 32357 S il
o 5% 0 32 R WAL W P 57 ‘2 LA 5 A MR AR AR A
(R A 5 B A7 7 22 5%, Ul BHOR [) 11 2 0 3 4L
AR ZERAK A SRS,

XF Raw Data ML PG A6 IREEHRZ K], 245
RILE 2b~2f, JRIROGIEE (18] 2b) B4 B S
LRIEERS  MELL AR g, 28 D1\ D2 kb3
Ja , i M 28 FL LR A KO | WIS AR AE B B,
HOE D2 WikbHE (A g AT WS 5E 2b
L, B 2e Sl T, & 2f St il £ ] B BY
NTE iV



%46 BE 6 M B PHE ST S OGS ER B9 28 O R 2RO 38 N BRI AL R DA 5 93
ol a 1.0r ) 025; e
0.7+ 0.8} 3 0.20 A
0.6 g A_g

s g 06f g 015 A
¥ M M
o4 o4 ¥ o0
X 0.3 1 X 0.05
03 02}
o1 ool 0.00r Ay s
005501000 1500 2000 2500 1000 1500 2000 2500 ~0.05550 1000 1500 2000 2500
A/nm A/nm A/nm
d a 107 » 0.90
0.2 A-2 -2
ﬁj 0.8} j 0.75
A-5 -5
s Mg o6t S g 060
¥ 00l — e % ¥ oas|
& = 04] &
L 1 X 0.30
-—VU. 0-2..
0.15
-0.2 0.0
500 1000 1500 2000 2500 500 1000 1500 2000 2500 000550 1000 1500 2000 2500
A/nm A/nm A/nm

V4 ZEOTERE S Raw Data 28 D1.D2.SG . MSC
AL PRS , 57 PLS-DA A 45 L3R 1, Raw
Data FIAS[F] 751 4k 3 J5 14 5 135 2504 2 57 i) 455 20 1|
SRER RN AR HER I KT 90% , %48 D1, D2 \MSC
T B, A P 1] 25 A RS0 A v 23 i) 4
T4 1% 4.6% 4. 1% 2.7% 0. 2% 2. 7%,
D1-PLS-DA BEHY )V G 5 4, 00 45 SR 0 VR V8 4R
RN 3 7, AN 5 ) R AR Y KT 90% , A
R KT 75% , I, 5T AS [R5 1) 28 00 3
REG R B OGB48 R T4k 3805 1
AT PLS-DA AN S, H R A ]
[0 52 114 28 U0 S 25 6 200 3 N BRI L) 5 1 25 5

B,
*1

Tab.1 Classification accuracy of PLS-DA models
established under various preprocessing methods for

different germplasms of Andrographis paniculata
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Fig.2 Average spectral curve,original spectral curve,and preprocessed spectral curve of

different germplasms of Andrographis paniculata

2.3 [AIFRU SO SV RETEAY

N [V I 9 25 S A 45 B AR BT

HEST A PLS-DA BERLAY 5 HAER R

2y
HE A&

A-1| .7 0 0 0 0 0 100%
13.0% | 00% | 00% | 00% | 00% | 00% [ 00%

A-2] ¢ 11 0 0 0 0
0.0% | 204% | 0.0% | 00% | 00% | 0.0%

0 0 7 1 0 0 87.5%
@ A-3 0.0% | 00% | 13.0% | 1.9% | 00% | 0.0% 2.5
=B o | 100

A-4| 0 0 0 19 0
X 0.0% | 00% | 00% |352% | 00% | 00% | 00%

A-=5| .0 0 [ 0 5
00% | 00% | 00% | 00% | 93%

A-6] .° 0 [ 1 0
00% | 00% | 00% | 19% | 0.0%

FUSLAE
B3 A[EFGEG0E D1-PLS-DA Jp KRR
AU £ T 45 2R TR VR HE
Fig.3 Confusion matrix of prediction results for
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different germplasms of Andrographis paniculata
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Tab.2 Prediction results of different models for the

full band Raw Data of Andrographis paniculata

o . Pl[E %S eSS
12 B 4 AR
R> RMSE R?> RMSE RPD
PLSR 0.835 2.67 0.823 2.80 2.32
0 TE TR BPNN 0.804 2.90 0.735 3.42 1.67
RFR  0.761 3.21 0.195 5.97 0.54
PLSR 0.901 0.36 0.758 0.51 2.10
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Vi RS
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2x N S 1=
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Tab.3 Prediction results of PLSR and BPNN models established after preprocessing the full band

spectral data of Andrographis paniculata using different methods

PLSR BPNN
(&% AL B PlE=S FURIIIESS Il %4 o £

R? RMSE R? RMSE  RPD R? RMSE R? RMSE  RPD

Raw Data 0.835 2.67 0.823 2.80 2.32  0.804 2.90 0.735 3.42 1.67

D1 0.850 2.54 0.842  2.65 2,26 0.797 2.96 0.753  3.30 1.55
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Tab.4 Prediction results of different combination

models for spectral data of Andrographis paniculata samples
after SPA screening

pry ISR AR

KA g2 RMSE R RMSE RPD
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Fig.6 Scatter plots of reference and predicted values for the optimal prediction model of compound

contents in Andrographis paniculata based on the selected wavelengths
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(PR B o L0 e b D TS B i o
o FRHAPK R S HARTE R I0% 7 1T 810007)

FEE ST T HE A Z BERR UK C18 1E g Ah 0], FH A 150 AL TR0 AH (0 1% - BB 10 T 15925 ) B R s 0 4 2 R v DU 3R 38
25 MR IS 31 R RAR A M5 % FE AR R 23 #5485 A 2 mL(0. 1 mol/L) Na, EDTA-McLlvaine &7l
8 mlL ZJE A FEEL, B O AR B TEVRUS ] QuEChERS (& 61k 22 BE R A0 K Il C18 1 Ak i) ) b, v 4 2 A5 )5
Waters ACQUITY UPLCTM BEH C18 #:43£5, LMt %5 1E & A0 (ESIT ) ML B, 2 [ j 125 1 il ( MRM) SRR A5 5, S ik
FERE, BTSSRI 31 Pl RER BEAE 1~200 pg/kg MRMTEEINA RIFZM: KRR (r>0.9950) o Jridi s i BRI E
HEBRAT 1 0. 06~0.77 10, 18~2. 31 pg/kg, 25 FUIMAREE S TE 20,100 F1 200 wg/kg 3 MK SEmE, 31 Fhpa 25k B
YIRS 63% ~ 126% X AREM 224 0. 69% ~ 11. 5% (n=6) , J7 i b 5, J5 B d SR PR 47 A B2 i 38 G XA 4
PR R Y 31 A Z AT AR

KR YA R IR QUEChERS ; M S 80RO (43 - SR R B3 s 2R TR 5 Ak )

FESES 065 XEARIRES A 3ERS:0258-3283(2024) 06-0099-08

DOI:10.13822/j.cnki. hxsj.2023.0832

Determination of Veterinary Drug Residues in Yak Meat by QuEChERS-Ultra High Performance Liquid Chromatogra-
phy-tandem Mass Spectrometry LI Zeng-ming"" ,XIE Yu-long*** ,MA Chun-guang”(a.School of Chemistry and Chemical En-
gineering,b.Xining Center for Disease Control and Prevention, c. Key Laboratory of Nanomaterials and Technology in Qinghai
Province , Qinghai Minzu University , Xining 810007, China)

Abstract : An ultra-high performance liquid chromatography-tandem mass spectrometry ( UHPLC-MS) method was established for
the simultaneous and rapid determination of 31 kinds of antibiotics residues of tetracycline, quinolone and sulfonamides in yak
meat by using amination multi-wall carbon nanotubes and C18 as purification agent. Then, 2 mL (0.1 mol/L) Na,EDTA-
McLlvaine reagent and 8 mL acetonitrile were ultrasonically extracted ,the supernatant was centrifuged and purified by QuEChERS
(‘amination multi-wall carbon nanotubes and C18 as purification agent) method.After concentration and volume determination ,the
Water ACQUITY UPLCTM BEH C18 column was used for separation, electrospray positive ion mode (ESI") ionization, multiple
reactive ion monitoring ( MRM) signals were collected and quantified by external standard method.The results showed that the
residues of 31 antibiotics had a good linear relationship in the linear range of 1~200 pg/kg (r>0.995 0).The limits of detection
and quantification were 0. 06~0. 77 and 0. 18~2. 31 ng/kg,respectively. The average recovery of 31 veterinary drugs was 63% ~
126% and the relative standard deviation was 0.69% ~ 11.5% (n=6) at the concentration of 20,100 and 200 pg/kg blank
labeled samples.The method was fast and simple,with good reproducibility and high accuracy,which was suitable for the analysis
and detection of 31 kinds of antibiotics in yak meat.

Key words: antibiotic residue; QuEChERS; ultra performance liquid chromatography-tandem mass ( UPLC-MS) ; yak meat;

purification agent
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TRERY B EENEARMERR, B
BB SRS RN A A R
AR ZS A SRIREEAT V5 G/ | TR IR 2 TR 1k 4
e SR g B 2 Ok i &
J& Mok 22 (g N T IR B FRE AR R SR e AR A
PRy T 5 m R A A S i 77 0 R 40 AR e
REF AR R B R &P R
PRFAFZ AN GT W FH B0 A FOR A fi B 7 >k
BERAREmT

QuEChERS Fij &b #HLJ27F 435 [ AH A6 BB AR 35
Tili b R R R (i — Rl B T AL B LY R 4
DR P Ay o e e m SRR R B
R % J2 o K5 ) QuEChERs #5372 N T4
LRI 5% B 1 e AT S Al R P 3
BT IR R S B b6 YW BAL 7 R B 45 5
A B b FH R e AN (] 0 35 o i e 551 2 o SO 5T
X4,

H HITE A 24 T 22 5% B8 ARSI s hy G g
B £ A c18' PSAT NH, P AR 4N
KRR A R BRI AE L SRR
I S5 A R S P o R A s 1) L 3R TET AR )2 T
PEGTR R I M 2G5 B el AR WA KA
A ZEEMYRE T BERR 9K A, Horp & ik 2
BERRK AT B FRIR PR 5 K N i 2
A5 TECIR 5 4 JR B A A R Y W B PR REDT L R
FH Ak 22 BE Rl 29 K A8 T Ak IR T4 o 1 4
b AR AT A, T 0 T AR B
Brémdg ™

AR SR FH 8 e 350V €1 £ I T T VA XA AR
P 4 FhIUPR R 2S04 R 12 Rl iR 2 pi A
R 15 P e A R AT E

1 XIWEsS
1.1 FEAE S

XEVO-TQS Cronos 7 /=5 350 W A €0 33 -5 i
B AL (3G H Waters 23 F]) ; DCY BIR MY (b 5T
R R AT R A 5 1208 B F K P (fiE [
Sartorius 23 7] ) ; KQ-800KDE 7l % 2 15 2 3K 8 7=
Peim v (R IR @S A BRA A 55910R B
BB DHL(FEE eppoendorf 23 F]) ; VORTEX3
RIER IR A (5 KA A H]) ;0. 22 pum fALIE
JBE (CLZHER R A BRA ) 55 mL T T e (2%
JEBE F SR AR A D)

PUBR IS M DS B e S bm o i ( LI

AR BRI S AR s Bl L (Ggal, 18
EERFEAF]) s KRR N TooK iR B | Ak |
PR R A 8 Na,EDTA -2H, 0 ( 23 #raf,
R ME 7R A R | ) 5 2 R 2 BE IR 44 K
B(HiE 9%, HA% 8~20 nm, B K 5~20 nm, )
BT R R B A R A E] ) s R (A4l |
PSA #3,C18 \NH, MB35 (b 5t il SR A R A
F)) ;2K (£ E Millipore A H])

FEAR oK A S22 H O RFEA
1.2 ik
12,1 JEJRUCFCAR i ih 4 0 il 2%

100 pg/mL TEG A5 HEAf 25 T W1 45 < 40 i kG
BFREL 1 mg 31 F HARLA Y, 76 10 mL AR A%
P B R B2 FEA R,

1 000 pg/L G o v (B8 2 . 1T A B
1 mL( 100 pg/mL) bRl #5375 100 mL F7€
Fa b W e R B2 B AR

200 wg/L VR A b o AT FH ] A5 . v B IR
2 mL( 1000 pg/L) RS FRUEF EIEFE 10 mL F7 €4
ZEE T IR R S AH B A BRI LR R AT R AT,

2R R 1 AR S Bk & ke
e e Ay IFE N

WITE W 5 4H:95% A (0. 1% W 27K ) +5% B
(% 0. 1%H RN V(HEL) :V(ZHE)=2:8),

23 P 3 ST b o AR 90 T A . o B R S50,
100,250,400 ,500,750 F1 1 000 wL(200 pg/L) &
APRER T 1 mL SERE/NME 8 1 mL $2HL
J5 B 25 R 2 B0 A 2R RE N R SR 5 1
45 CARWEFM AT, N 1 mL W14,
ATER =% 1R 21 )5 BIA% 3] 1,10,20,50,80,100
F1200 pe/L 19728 I AR A
1.2.2 PRSI AE S

FREL 2.0 g 22 4d 513K I M 4E 4F IR AR L T
50 mL 0P, SRE A 2 mL (0.1 mol/L)
Na, EDTA-McLlvaine 1%, ##% i€ 30 s, ilA 8 mL &
&, A 4 ¢ TOKBRERENAN 1 g SRR, 3 5 e
5 min, M 20 min (VR JE A B 40 C), H A
5 000 r/min, Y FEAET 5 C B0 10 min, %L F A
PRSP — AT IR, Rt
1.2.3  HaREL

AT 22 BER AN KA X DU P 28 2K s 5 Bl 2K
AR, A L L, AL 4 DUIR 2R IS RN i
MRS, B 5 mL FVEW T 15 mL % 200 mg C18,
150 mg Jo/K B R 84 1) 250045 T, JR € 10 min, 4



Fao BHE o ZEHALE . QUEChERS-B S350 AH € - 88 R Bk M e fE 2R A h 2 R A= R R B 101
7 20 min, YA 4 000 r/min .0> 15 min, I E a3k
5 mL FIHW L, AE 40 CORIBZRMTFT AKX T, A2 e pamen  CPET OFET g
Y1 AR LS mL BVERT 15 mL 7% 150 mg (m/z)  (m/z) BER/NV /N
KB 100 mg SOREZERIKTOEL 6 sgwn g 007 2
B IATE 10 min, #7720 min, L1 4 000 r/min B '
L3 15 min, fEFAFZELS mL I, 75 40 C/KIBH 7 W 352. 1 iggi fg 30
AR T, PRS0 0.5 mL W46 7 5)) ses a0
AHHE R, 1 0. 22 um JE S 76 8 = A A €2 8 BHDE 02 53 s 35
T BRI BT R _E LI AE A 9.05 15
. . 9 LY RG2S 358.2 35
1.2.4 (A K s 40 340.3 15
o A
L2.4.1 @t 10 EH R 362. 1 i‘?;i f(s) 20
3% ¥ . Waters ACQUITY UPLCTM BEH C18 :
H(100 mmx2. 1 mm, 1.7 wm) ;i ;0. 3 mL/min; 11 S 262.0 igig ;2 20
FEWR 30 C; HEFEARFR . 10 wL; i shtH: A:0. 1% H 2319 "
TRK,B. & 0. 1% BRI VIHER) :V(ZhE)=2:8 12 HRD R B2 52 3 30
BRREVEI, BT R 1. wes 2
. AU, 13 TR A 400. 2 ) 20
FT1 VLSRRV RR Y 299.2 25
Tab.1 Mobile phase gradient elution procedure 4 — N 92.0 25 0
it 1] /min A K/ % B #/% 108.0 25
0 95 5 S . 124.0 25
i L g
2o . s 15 EEMEZWEERE 279.0 186, 1 s 20
5.0 60 40 156.0 15
o s o5 16 G EEEEEE 2650 9.0 30 20
7.1 95 5 N 156.0 20
o0 o5 ; 17 B fR ] — A E 311.0 9.0 30 20
1.2.4.2  JIEAMH 18 B A RE 281.0 1;2.8 ;(5) 20
B WSS IE B B (EST) ; it e s
T 2 ROV BRI (MRM) ; BAHE B 19 fitih LT 0 20 20
FE:2.0 kV; B F IR EE . 150 °C 5 By 7 S B - 72,0 20
o e e 20 (RS 363. 1 20
450 °C ¢ JBEFA IS0 Bt 800 L/ Hrg H AL 28 200 10
i
W2, 21 bR 386.2 ;gg' ? ;z 30
Fx2 3 MHAERRRAYEESHE LS '
Tab.2 Main reference mass spectrum parameters of 2 BEEWPBETME 271.0 92.0 30 25
31 residual antibiotics 156.0 10
92.0 25
BETF FET A HEAL 23 R HREERE 2680 25
B A 156. 0 10
5 RUER L s RV IRV
) 158.0 25
. 428.3 15 24 ik JHe 4 bk s 315.0 25
5 92.0 30
1 UEZSy 450 s 20
- ) 156.0 10
2 EH/R 479.1 jg;"i 3(5) 25 2 W AR 285.0 92.0 30 2
e 156. 0 10
3 Gt 461. 1 12;2:; ig 25 26 BAEWEE® 2810 T 25
. . 428.2 15 R 108.0 20
4 PAES | s o 25 27 TR A 277.00 Lseo 0 25
Y 302.2 10 e 92.0 20
5 B 2010 200 10 28 O 256.0 o0 o »
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sk

BEF FET O R HEFL
(m/z)  (m/z) HE&E/V HE/V

F5 EwAR

156.0 10

i R M B .
29 itk JHe bk B 250.0 1080 iy 25
. ) 92.0 30
i g 0 /: r,;ur‘v .
30 TR HAEMERE  281.0 156.0 s 20
N 92.0 25
31 % e s e 251.0 15
it e i g 156.0 15

2 #ER5ie
2.1 FESRTARBRSORBE R AL
2.1.1  FEHGH R

ARG S 31 oA R A IUIR RS
WETHIR S BN S G ), MR 2 kst s
G TR, CNER—FhE RS BGLH], XF
T HAMEA YA B S N RBGCE™ | i TR
K HEWMEAEWTE CIE MR IR 2 S
AR B HL R /N T 159% 0 W R
20 F Na, EDTA-MecLlvaine 2" 328 1) $12 Bt v 145 i
FAL G W A IR R AL G 4 O R s T
B B ZWIEREERNES 0.1 mol/L
Na, EDTA-McLlvaine Z& M W LA — & 19 HL R &
J&  ARIBCBCR T o TR AR 52 58 rhoxt i Bt ) 2 e
VS VRN i 10 L A8 B AS TR R0 TRDSOR 64T T X L,
5% V(0.1 mol/L Na,EDTA-McLlvaine i
) V(ZHE) = 1:16 B, U R BZLA P ik
H<d0% ;16 V(W) V(L) =2:16 B, 1Y
HRFAE Y0 R G 4E = ) 85% LA |5 &2
WA I RT3 3 216 F1 4:16 B, Y
R AW IR 216 B ICHA 225, N
AR Na,EDTA-McLlvaine i85 i3 £, % 5 2241k
iR R BRK T ARSI R e, S BCH bR SR
[ R0 PR A 58 645 16 mL LM AT 2 mL
(0.1 mol/L) Na,EDTA-McLlvaine i 5 I & &
Ve AR IBGR)
2.1.2  BRAKFI

ARSZIG i Y B 7K 30 43 ) R T K A R
ToKBRRREN AL, WA REXUEWES 5%
JE B F Mg™ &5 & B A9 Rk, 724
PR ZRIAb A P, AN SR JC oK i R B E A 7 o
K, EALENBESE R BRK A IR R KA
Gr TR S EURNSCR AR, 7EIR IR & 5 TEK
IR E/NT 6 g i, B EBLG MR R 2K

G Y TR ERZE AL G W) A K B PGS 0 1 el i
FAFTREAR . M ICKBR ER £ A FH el D B 43 2
BRI, BARMES P IRISCRFEAS , JCK R en
e, B A R &, S IoK iR R
RN 8 o B, AT EBR 2 75% MK 43, FEEE TN
ToKBRER AR i, B AR A 20 i [l T8 B
Ak, F— BRI, B LR EL S mL
WL AE , AT A1 Ak DU SR 2R IAb A W s 145 TR
FALEW, H 150 mg JooK B FREH RI AT 5k 25 38 43
7K, A2 AR A5 ), 150 mg oK
T R B T HE A LB R 7K 47
2.1.3 AR R

ARWFFEXS L T 24 5 Ak 2 BE Bk 94 OK 45 | PSA |
C18 HI NH; 3% 4 Rk %y 31 M Hinfb & 909
AL A A Ak S SR AR AR R v A ) $E R
W, FZ VMR ) 40 we/L IOFRMEVR TR, 2 ) 5
mL, 43 3HIA 25 .50 100,150,200 F1300 mg |3k
FARF Ak 5 TORE R AT AR €2 5 - £ I T 3 A
W, NH, b0 5 0 AL R (B R s 25
FERERE 2] 5] A8 TP, X H ARk &1
FEPEFE ARSI R T DAHERR . SR 2 RE N
KA 50 mg B, PUPRZR 2 s i T 2k &5 4
[ R 34 <50% , A 100 mg i PU R 2 25 g i
2 FTSCRAL R 10% ~ 25% , ik i 28 58 247 [ i R
=ik 85% ,C18 REME WL AR i S5 s B K T4
W22 C18 JI AR N 50 mg IR B2 254 1 [m]
R 10% ~30% , I 24 100 mg B, PO 3
RIS R R 75% , A 200 mg
Pt IO B 2R A AR 3 IR 28 - 1 [ %R 849, PSA
WrAEfS LB —se it T3 ™, i A& 100
mg i RIXT 3 2464540 B 300 A R 6 A7 T 8% 6 550
7 100 mg B (P-4 5 B IR A 1 s

100r A
C18
PSA

PR R 1%
& 8 3

[
(=}
T

e
B3 M S el R

Fig.1 Average extraction recovery of 3 kinds

of adsorbents

g b, nT LAl 645 ik, A1 4H . 200 mg
# C18+150 mg Jo/K B MR B4k, A2 4. 100 mg



Fa6 EH 6 M IR QuECKERS-#E S8 iU (1 - A3 I B 15 I A8 A4 A vh 2 Rt A R R 103

IEARANR A +150 mg JO/KBR AR BE 1L, 4515
TR L S S T RN 2 R

100 5
I
5 W
it
® |
4,64 L |
777 936
= [ P | |
848 )/ ?85 ‘ 10154 {’i%%
nnnnnnnn LS | S S Y VL S S U S L
104.40 500 560 620 6.80 7.40 8.00
t/min
100
b
I
i
Z "
z |
4.60 F
I "
440 500 560 620 680 7.40 8.00
t/min
1001
c
1
B o
e INIE
= 8
* 4 ﬁ
7 629
399 1“16[)%10546.43 ,
i sl |1 1077, 6.927.14
SIS AL L A S N
440 5.00 5.6 620 6.80 7.40 8.00
t/min
100
d \
5
g ‘ 1%
2 (
i { sm |l
I | 1326
3 \
WA B \l‘ fi 3t ‘
Wmﬂ |
“ IlDS.? A N

a.PSA BhiFik MBS T K ;b.200 mg C18 ¥k BB i 1A
c.100 mg EIEABRIAKE WL B TR
d P A I TR A
B2 AR TR R
Fig.2 Total ion flow diagram of different

purification reagents

2.2 Jrikmaik
2.2.1 MR MR IR

KRR s 1 38 o bR o T A VR A A7 b o
M2 hilfE . LLE bR bGP 58 1 0y g i AR
B BT U BE A A A A 2 i) A A B it
L GBNLPERF )R, A HARfb & WAl ¢
FHr>0.995 0, KW H b5k G Wy 78 A0 N 1 ik FE
WEINEM LR R, 31 Fdid R H RN
0.06~0.77 pg/ke, RN 0. 18 ~2.31 pg/ke
(%3),

R3 31 AHPMEA AR K R GE BEFR
Tab.3 Linear relationships, detection limits and

quantitative limits of 31 target compounds

X KR e
5 YRS PR MR R (pg (pege
N ke ke

1 PURRE y=199.5320+1 959.61 0.996 0.53 1.60
SRR y=56.584 1x-35.371  0.993 0.53 1.58
+RE y=137.464x+164.985 0.9983 0.37 112

EALELS 3 y=235.237x+1 150.99 0.992 0.45  1.36
Kb A y=141.584x+311.883  0.9987 0.24  0.72
R A y=93.648 4+108.127 0.9963 0.70  2.09
S SUE y=329.817x+2290.45 0.9974 0.17  0.51
B RE y=198.40+2987.97  0.9978 0.66  1.97
KRR y=128.936x+349.911  0.9984  0.43  1.30
10 4RI E y=354.20x+2442.47  0.99%61 0.52 1.55

Nl Y, B~ S T )

11 G y=419.619x+1 795.67 0.9965 0.24  0.72
12 R A y=255.65¢-169.385 0.9976 0.32  0.97
13 ZHibA y=100.03x+1247.44 0.99%67 0.52 1.55
14 fERGHIEM 4 =362.265x+5.6004 0.9963 0.18  0.54
15 fiffifle —HIMEIE y=675.7850+239.296  0.9974 0.16  0.47
16 fEfffie FREmEIE =358, 753x+47.004  0.9971 0.36  1.07
] — A
17 ﬁi‘ﬂf” Fﬁﬂy=850.035x+310.86 0.9983 0.08 0.25
TEEIE
ik E] 4R
18 ;E}?jqﬂﬂ y=916.864x+659. 178 0.99%65 0.11  0.33

19 Kb y=168. 172x-28.686 5 0.9981 0.52 1.55
20 FRORIDE y=545.184x+2 106.7 0.9972 0.29  0.88
21 PhbE y=149.433x+937.447 0.993 0.34 1.03
22 AR I y=277.8620+184.279  0.9960 0.14 0.4l

B
23 e y=483.882x+101.792 0.9984 0.06 0.19

24 MR y=391.784x+225.999 0.9978 0.09  0.26
25 MMM y=442.306x-150.996 0.9964 0.07  0.21
26 Tl 4AETE y=879.36x+84.636 7 0.9984 0.23  0.70
27 FEELAERY y=730.934x+256.819 0.9980 0.40 1.19
28 i y=305.426x-59.4893 0.9970 0.77  2.30
29 ke y=398.752%-80.8133 0.9984 0.77 2.31

i 114
30 iigé S y=1009.35v+339.909 0.996 0.06 0.18

31 fERimENE y=319.414x+94.518 7 0.9955 0.44  1.31
2.2.2  [ISCR BORS

TERE 2R 25 FHRE b 23 0 8 m 20,100 F1
200 pg/kg AKFBIBREY T, 7300204 T 6 UCFATIR
JniE s, AR e h 2 &1, 45 R W3R 4, DU ER
R BCRTE TN 67. 0% ~ 126. 0% , FiXTHRifE
TRZEFE A 2. 11% ~ 10. 10% , Vi 2 i [l iR
A 63. 0% ~ 111. 0% , FHXTHRIE (g 2 Y0 FEL A 0. 69% ~
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11. 50% , fiffi Fie 25 1) [T 3R 64. 4% ~ 111. 0% , #H gik
X bR 22 75 BN 1. 44% ~ 8. 71% , 45 R W% BB BAEAHK gzt FH o RSD/
DR AT B IR A A (nerke?) PR %
T ARG INER IR RO | 20 2.0 7.84
. . 16 ik Jig P S5 et i 100 82.6 8.71
Tab.4 Recovery rate and precision of target compounds
200 64. 4 4.13
P bk 2 44 TRt/ -1y RSD/ 20 104.0 434
T " ' (pg-kg™)  MBBE/% % -
He-xg 17 T e ] — A 100 97. 4 2.40
20 106. 0 5.52 200 72.0 2.49
1 UEZS 100 78.9 5.83 20 1110 5 75
200 80.3 4.78 18 el R 100 90.9 5.15
20 97.0 10. 10 200 65. 4 3.80
2 L&HER 100 70.7 6.22 20 082 9 69
200 73.3 5.99 ’ '
19 AT 2 100 63.0 0. 69
20 126.0 8.29 200 80.4 3.03
3 +HEE 100 74.7 5. 60
200 670 P 20 106. 0 6.10
) ’ 20 RS 100 86. 8 6.83
20 100. 0 7.55 200 71.8 2 88
4 EALEEA 100 69.6 6.82
200 69.6 2.11 20 93.3 3.62
21 YL A 100 89.2 5.16
20 100. 0 9.10 200 66.9 383
5 Y RU 100 83.2 9.99 ’ '
200 3.8 314 20 109. 0 3.45
0 0.6 1250 22 ik e PP — s 100 76.3 8.02
) ’ 200 129 3.07
6 BZNTSRU 3 100 70. 6 6.95
200 88. 1 3.18 20 106.0 2.58
- 95.9 6.00 23 fif i SR 100 99.5 6.75
7 HEDAE 100 84.0 3.72 200 75.4 3.01
200 88.5 1.18 20 96.6 4.65
20 82,4 10. 40 24 it i A M s 100 84.2 5.55
8 B 2 100 73.7 3.23 200 72.8 3.4l
200 84.0 7.22 20 100. 0 2.88
20 90.8  11.50 25 TR S A 1 100 73.0 6.36
9 i RU S 100 88.3 8.58 200 68.8 221
200 100. 0 4.49 20 105.0 7.33
20 83.8 7.08 26 Tt e /i S I 1 100 78.6 3.39
10 AR R 50 91.3 3.57 200 69.7 1.49
100 93.0 2.91 20 107.0 3.66
20 87.0 10. 00 27 EN R 100 95.7 1.33
11 FeUH s 100 109.0 4.54 200 70.3 1.47
200 90.0 5.63
20 84.9 4.79
20 96.4 8.40 28 it e s 100 83.7 3.00
12 Wb 2 100 78.5 2.87 200 75 3 315
200 88.4 3.91
20 80. 3 3.60
- U 1(2)3 8;1 12’ 2(2) 29 Ttk JHz ik e 100 75.5 1. 44
b
—RO=E 78. : 200 75.1 8. 10
200 84.6 4.18
0 Lo s 1 20 102.0 2.47
: : 7 s f5 R
" e P 100 P 303 30 fi e AR R I 100 77.8 1.79
00 713 391 200 73.5 3.55
20 109. 0 3.47 20 79.4 5.78
15 T g 100 99.5 3.23 31 i e i 100 71.3 2.44
200 66. 4 2 33 200 71.7 1.62
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Fig.3 Total ion flow of the sample labeled 20 wg/kg

2.3 SERREEG AT
ARWFFERIE T 50 O dEA- VE N SEBrke i, 46

AR A TP T T M DX A R AR B T 3 [ i

YEZ FARE S IFRFE (100 pg/kg) AT 50, 25

1001 a |t
2574.84
55835
‘§ 2
=
=
®
g
§-51 747 8. 208 483 57
0
100 200 300 400 500 600 700 800 900
t/min
1007y, U5 |worwm
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BF A ENE OV 11A 19A BRIk E S HER LMK B =

kB, EXF KRR, LR FiE
(AL G EYHZ5ERA R, L 100176)

FEE TR OV 11A [19A BUG R BK P 2 05 Th Ak e ok B ) B8 7 @35 7 ik IR EFTS8IE . L Dionex TonPac AS11-HC
BH 88 7383 )= A4 R 43 B AT, Dionex TonPac AG11-HC B 88 738 b g (474 5 SR RN vk 13 S0 Sl Th B 8k b Y Y 56
VR, LA AL A S HEAT A AL M Y bR B AE 0. 01~ 1. 00 we/mL HOFE I ELA RIFHIRIE R e R B R 7]
3EF]0.999 9,4 H R 0. 002 we/mL, E RN 0. 010 we/mL, 3 ANEI A58 3R B 2R b 55 3 AN InFRKE T F
YIS 3R Fy 94. 40% ~ 103. 91% , FAXSFRMEIRZE (RSD) 2 0. 17% ~ 1. 71% , Y93 AN B SR . 75 8 J0 75 52 4% B A% i Ak 3
JERR I PR, SRR v A SR, R, AT T OV U LTA (19A BRIP4 BR 1 220 v £ LAk Ak B8 AR

SRR R IRV M B T 00535 ; AL 25 5 B Ak 4y ; 5% 7 A

hE S £ S: 065 XERFRIRAY A X EL S :0258-3283(2024) 06-0107-05

DOI ; 10.13822/j.cnki. hxsj.2024.0012

Determination of Sodium Iodide Residue in the Type 9V ,11A or 19A Pneumococcal Polysaccharides by Ion Chromatog-
raphy ZHU Xiang-guo ,WANG Li-yong ,ZHANG Xiao-kang ,MA Qing-hua™ ,ZHENG Jia (Beijing Zhifeil.vzhu Biopharmaceutical
Co.,Ltd. ,Beijing 100176, China)

Abstract : An ion chromatography method was developed for the determination of sodium iodide in the serotype 9 V,11 A or 19A
pneumococcal polysaccharides.In the proposed method,a Dionex IonPac AS11-HC anion exchange chromatography column and a
Dionex IonPac AG11-HC anion exchange column was used as analytical column and guard column,isocratic elution was performed
with low-concentration sodium hydroxide solution,and a sodium iodide was quantitively detected with an electrochemical detector.
Good linear relation ship was found to sodium iodide in the range of 0. 01~ 1. 00 pg/mL with a coefficient (R*) at 0. 999 9.The
limit of detection was 0. 002 pwg/mL and the limit of quantitation was 0.010 pg/mL.The recoveries at low, medium and high
spiking levels ranged from 94. 40% ~ 103. 91% , with the relative standard deviations of 0. 17% ~ 1. 71%.The method was proved
as simple, rapid, sensitive ,accuracy and repeatable ,which is suitable for the determination of trace sodium iodide in the serotype
9V, 11A or 19A pneumococcal polysaccharides.

Key words : pneumococcal polysaccharides jion chromatography ; electrochemical detector;sodium iodide ;residue detection
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HHIZE B4R 1k 25 BR A 11 58 Ul 2 K o1 22 W RS
il , T2 B g | AR SREROR I SRk | e aE
WGk BR 23 5 WA 7 I e e db U TRk
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DrEEAA T Ay OB BETE T R e R A A
BT R (ICP-MS) ™ 45 Horh i s TR 1Y
G BR A o FR AR, AN i P T Ak f ok B R
RGN ; e A 98 BR R 220 L W 2 ) o L gk
(¥ 2SI I {8 43I0 G B s R ) 75
it LI 5 245 58 A e, A A SOH T il R BR T 2 W
AL A ARSI 5 ICP-MS AE R I AR 7 & Jr i ok
ARG I A 2 1 E B M T ik, AR BA R R U
A e A AL S, (E e T o A AR A T X
DA =010 R EG b LRSI 5 3, B (i
TEHAT B B 0 B R MIOR 3, T S 2 A
AL B RTS8 RO A Rk B e g E
AWEFE ETEESLAGI OV 11A [19A BUfiiJe Bk
[CEZ RN Y s o R N W R DO Vi
IEREATHIE IR, USRS UEAY B 7 (1 ik ) LA
Il 5 R 1 22 Wl vh LA ik 5 B R A TR AR AT

1 XWE4H
1.1 FEAER S

1CS-6000 %Y £ ¥ 4,3 4%, Multifuge X4R Pro
RGEA B OHL (L EFER CHRBHE AR
MSA225P-1CE-DI +J3 73 Z — B4, 1 K1 ([
FEZ R /A 7)) 5 Dionex lonPac AS11-HC %I [ &5
FAZENTHAE (4%250 mm) Dionex IonPac AG11-
HC BB FA8 B AR P hE (450 mm) (3 B 82
F]) ;Macrosep T .00 JE 4% (10 KD, 38 [ i /R A
A)) 0. 45 pm K FRUEME( R ECAE MR R
NP

AN TR (R 8L 50% , BT IR T (o
ED A2 A BRAE]) s oKL EN (=99. 0%, [E 24
EHEAFIARAF) .

ov AU K BK T £ B (4t 5. 2 AT
20230901T9V) 11A AUl REK PG Z M (HE5 . )2 BT
B 20231001T11A) [ 19A Bl R R & 20 (5.
JEMTHT 20230901 T19A ) | i 48 BK T8 22 WE ¥ W (b
SR RGN E IR AT
1.2 STk

1.2.1  RECH
1.2.1.1  RuEm e i

40 mmol/L S b8 R BC i) 7L 13 mL
50% R BB RO HBLAI K ERE 1L BT
22 ~42 kPa INESIERLT
1.2.1.2 5 A S 2 T

T 0T FR i 85 0 %) T 1« RS B AR B 0. 1 ¢

TooK LA R A BT 100 mL 25 B, RvERE
FIPPE T B TR E ) 1 000 pg/mlL [
AL Bl X HE S A 2

FBLAL AR A 1 2 A A T 1 B — R 1Y
BILAR EXT HES Y, FH VR R VB2 A e, T Tl i v
J 4 0.01.0.04.0.06,0.10,0.40. 0.60. 1. 00
pe/mL 1Y AR, BT .

1.2.2  HEA b2

1OV 11A [19A BUJili S EK T Z WA E T 55
L3 IERS T, DL 8 500 r/min HYHEHESL 1 h, WidE
PEHW, UL 0. 45 wm K RIEMETEIS  FR,
1.2.3 @&

{6, 3% #E ; Dionex lonpacAS11-HC % B & )2
Mtk (4%250 mm) Dionex IonPac AG11-HC %I {4
PHE (4x50 mm) ; IRPE 40 mmol/L E A AL NG
W FERER L. 25wl Wt 1.5 mL/min; A 3 .
30 C s KIS E] - 20 min ; K5I 2% . 2285460 25 ( Ag
HI , Ag/AgCl Z UL ) 5 HALIE B3 ik 22
BRI WIE SR 1,

1 R AEIE

Tab.1 Detector of potential waveforms

T A i)/s HLE/V By
1 0.000 0 -0.100 0 K
2 0.200 0 -0.100 0 AN
3 0. 900 0 -0.100 0 K
4 0.910 0 -1.000 0 K]
5 0.930 0 -0.300 0 Bl
6 1..000 0 -0.300 0 K

1.2.4  HdEiba
8 F Chromeleon 7 B4 4b # 45 5 K335 |, >R
Excel #4755 5347 .

2 #ER5iH8
2.1 IRVRMRR FE R

BN E OV 11A 19A BUfii 48 BRI £ 08
rh LA B, 302k F 30,40 1 50 mmol/L 3
T AN T v 2 11 S0 SR A 0 RORT A 5 7 1 W I D
11558 g R a R mE 1 R,

SERFI IR EBOR EE R 50 mmol /L i, Al
BT DA A T R ST A A K 7 U T S i L 5 1)
FUT s MRV B2 B 21 30 A1 40 mmol/L B, 7K
Tl B R RE T ML 1 0 0 | 255 % e A Bk
SRR TR] , 1P 40 mmol/L F &AL AN 1E 4 il
TR P I R R R T
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0307 1 2 AR RE R
0.60}- . . .
o050k Tab.2 Linear regression equation and
g:gg: correlation coefficient (n=6)
£ o WEER %
= o.10f HRIE R K LA L
0.00 g T
—0.10+ ’ . (R*) (g mL™")
-0.20f
osop | . o I Y=3.4343X-0.0040  1.0000  0.01~1.00
700 40 80 120 160 200 24.025.0
t/min 2 Y=3.417 7X-0.003 6 1.000 0 0.01~1.00
1 R s (o i 3 Y=3.513 2X-0. 006 6 0.999 9 0.01~1.00
A B.C 43514 30,40 .50 mmol/L EEALANE 4 Y=3. 442 3X-0. 004 1 0.999 9 0.01~1.00
B 1 AR SRR AR A 5 Y=3.4577X-0.0031  0.9999  0.01~1.00
Fig.1 Comparison of chromatographic peaks of 6 Y=3.294 3X-0.001 5 0.999 9 0.01~1.00

different concentrations elutions of sodium hydroxide

2.2 kMmN
Ph 40 mmol/L & A AL EHAE 25 1 XT R, 4%
1.2.3 (3% 24, 20 % S mmol/L W iR £ 22 nh
T UK BT R 5 T 45 TR A 3 o 9 Y A
E , O REEI SR ANE 2 FiR,
2.80-

2.50f
2.00f

2

150}

Lok A
0.50
e

2 "1 00f

Z150

22000

250

00

-3.50f

71380.0 2.0 40 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0
t/min

| FORBERAR B 7 E k06 ; 2 FOR IR 1 (i g
A0, 1 pg/mL X BT B 25 FIX IR C 05 mmol/L B 1R R
G ;D 9V B R ZHEVIRGE : LLA B R ZHEN 5
F:19A BUfili 58 AR
B2 HEtEmiEaigE

Fig.2 Chromatogram for verification of specificity

SERRW] WAL 9V BUE R Z B
11A B4 22 W VA TR 19A TEU i 98 22 0 15 T A6 AH
o7 A7 5 347 A S ) L e T A TRk 2%
PRI 23 1 % HE TG X I 8 i 0 o B, O LB 1R
B F A0 B bs 81 g, RZ L% )8
PER4F,

2.3 IR RS

Fi2 1. 2.1 Be i e g bm of i 28 TR W, #ic IR
B ) LT A5 AR SPA TR 6 IR, B 5T IA N
LRPEREE DA 0 IR B A R AL b, €535
W TR R R AR AR, SEAT 2t A, 1155 P e R4k
(R*) 250 W31,

ZERFH] WALANTE 0.01~ 1. 00 pg/ml Jfi &
WREIE PN S AR RIFI LT R . TEMBE
R EERE B AT LB 1K, #4540 mmol/L 11

i'J:

T

(

|

G}

)

AR R, rT LIS R E R R R
Xt B bR IE 26 R AR 0. 999 9, KR4
TR A AT A FR B X 0] BB T AR Akl
BERY OH™ B Tl il s 7 Ak T 3
2.4 JrEkR B B E R

BARRE L. 2. 1.2 FLfilAY 1 000 pg/mL Ayl
AEEGT B A AR, 200 0 1 (3 A PR | DL
BT OSSR (S/N) =3 BiE R R, S/N=
10 e E w PR, WL 3,

T3 AR B BB E A

Tab.3 Determination results of the detection limit and

the quantitation limit (n=6)
Wik i/ S/N
(pg'mL™) 1% H2% H3W FH4K H5K Fowk
0. 002 3.2 3.3 3.3 3.2 3.2 3.1
0.010 13.0 23.6 14.1 13.0 16.9 10.9

ZER IR, 6 17 0.002 f2 0.010 wg/mL X} iR
AT A I B S/N Y B4R A 301 ~ 3.3 A
10. 9~23. 6, B 5 J7 12 B RG: Hh B B2 s i BIR 4331 Ay
0.002 F10.010 wg/mL,

2.5 5 IR RO

KPR OV 11A [ 19A U fili 48 BR 1 228V
ELOUE IR, AT 3 K IAR I CSE 5, b & &
43514 0. 01.,0. 05.0. 10 wg/mL, 7K A 3 ¥k
AT e S A A S B A Y A R
S mISCR SR INFER 4~6 R

R a9V B BR B A A R R RS S R IR G SR
Tab.4 Validation results of accuracy and precision of

serotype 9V pneumococcal polysaccharide (n=3)

ANRME/  brE/ WASE/ ER/ SEBE RSD/
(pg-mL™) (ug-mL™) (pg-mL™') % IR/ % %

0.050 9 96. 85
0.052 3 99.45 98.27 1.34
0.051 8 98.51

0.042 5 0.01
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RIEME/  bsEs R/ EgR/ SFHE RSD/

(pgeml™) (pgeml™) (pg-ml™) %  WCE/% %
0.0889  96.00

0.042 6 0.05 0.0888  95.97 95.67 0.58
0.0880  95.03
0.1344  94.47

0.0423 0.10 0.1341  94.22  94.40 0.17
0.1345  94.51

RS 11A AR BREE 20 A B2 5 R 2 B B e 2,
Tab.5 Validation results of accuracy and precision of

serotype 11A pneumococcal polysaccharide (n=3)

7OV E R ERTE ZRE T PR UES SR
Tab.7 Validation results for durability of serotype 9V

pneumococcal polysaccharides (n=3)

KMAE/ ( Mg-m[f' )
0.086 1

25 0. 086 2
0.085 8

0.088 3
30 0.088 4 2.33 2. 66
0.088 8

0.090 7
35 0.091 3
0.090 2

R/ C RSD/% RE/%

AR bR AR/ ECE/ SEE RSD/
(pg'mL™) (pgomL™) (pgml™) %  WRK% %
0.0306  102.65

0.0199 0.01 0.031 1 104.31 102.59 1.71
0.030 1 100. 80
0. 068 4 91.71

0. 0200 0. 05 0. 068 7 98.14 98.02 0.21
0.068 7 98. 14
0.1156 96. 41

0. 0200 0.10 0.116 2 96.84  96.46 0.38

0.1153 96. 12
R 6 19A BRI R ERE 205 0 vERT B 505 % 10 F 25 SR

Tab.6 Validation results of accuracy and precision of

serotype 19A pneumococcal polysaccharide (n=3)

AIRME,  mgRkt/ DS W/ SFEIEL RSD/
(pg-mL™) (pg-mL™") (pg-mL™") % /% %

0.027 9 103.70

0.016 9 0.01 0.027 8 103.37 103.91 0.65
0.028 2 104. 67
0. 066 7 99.93

0.016 7 0. 05 0.067 4 101.02 100.66 0.63
0.067 4 101. 02
0.116 6 99.71

0.016 9 0.10 0.117 2 100.28 99.88 0.34

0.116 5 99. 66
ZERLW, OV 11A 19 RYfili 4 Bk 22 Wl v
YRR RR X AR HE D 22 22/ T 2%, 7 24 1Tl &y
94.22% ~104. 67% ,FF& 0 Wr 2R A% 77 14 1fE
B AT EE R
2.6 Jykm T
¥ F Dionex TonpacAS11-HC WA T E e
(4x250 mm) F1 Dionex IonPac AG11-HC {44
(4x50 mm) , B [a] — 173 i 5l 73, A7 I 3
WK, BEZITIRAE(3025) C BIARTR ST Ao
P, T3 RSD FIAAXS R 22 (RE) SR LK 7~9,
x10

IR (30£5) T

T8 11IA BRSO o2 S
Tab.8 Validation results for durability of serotype 11A

(n=3)
RE/%

pneumococcal polysaccharides

HR/C KA/ (pg-mL™"')  RSD/%
0.040 8

25 0.040 9
0.040 7
0.041 7

30 0.042 2 2.93 3.34
0.041 9
0.043 7

35 0.043 3
0.043 8

AR (30£5)C,

RO 19A RS ER T M T FH L0 IE LS SR
Tab.9 Validation results for durability of serotype 19A
(n=3)

pneumococcal polysaccharides

K/ (pg-mL™")
0.032 7

25 0.032'1

0.032 0

0.0337
30 0.034 3 2.63 2.46
0.0337

0.034 1
35 0.033 6
0.034 1

AR (30£5)C
SERR  IEFERE (30+5) °CHY RSD 1 RE
IINT 3%5 4% ,EBAAS 7 ik B A A
2.7 EERRIA RN H
FHEEST 14 J7 1% 43 ) I 2 A AL YR OV 11A |
19A BRIt 5 22 A1 i v Akl 25 | 5 o 250 531)
il 25 6 3 FATHE S, 1T RSD {E, 252 I3 10,

R/ C RSD/% RE/%

TR

Tab.10 Preliminary application of developed method

Wb &/ (pgoml™")

s L

i Bk Fok H3W Hak B om0
9V Tl 5 Z 0.089 0 0.088 8 0.089 3 0.088 4 0.088 8 0.088 4 0.42
11A R 9 Z2 0 0.041 6 0.041 2 0.041 3 0.041 0 0.041 9 0.041 9 0. 89
19A Bl ¢ 224 0.033 2 0.033 1 0.033 6 0.033 5 0.033 3 0.033 6 0.55
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el A B T TERIE OV 11A [ 19A RYfili 5 R T8 2 M b Ak 4k ok BR 11

ZERLE IR, X OV 11A (19A X 3 Ff %0 1] fili ¢
Z2 WA o VA R SR 6 U, R 43 SR 1
FEFR  RSD B/ T 1% , 456 v [ 25 Sl s /8 4
BT 48 T D U] e (0 5 £ O 2 25K, TR R b
TRERATHE W 25 BN W R A Bl A B A 2 A
L AEARRE FELE

3 Fig

WAL AE g —FP B AL CTAB DLIER, 1L
F R ERI W A= T2 e T fa ks
PEA BT i 1 P 2R I A 0 R, 81 e T A4S 31
T2 A A B il R BR B 2 MR R, B AR
iR IE T A HE 1T RABR Z 48 KR ik
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Preparation of Gas Reference Material For Nitric Oxide, Sulfur Dioxide and Carbon Monoxide in Nitrogen X/A Chun,
WANG Sheng-jia , WANG Hai-yan ,YANG Qian LI Jian™ ( Qingdao Institute of Measurement Technology , Qingdao 266101, China)
Abstract ; Preparation of gas reference material of nitric oxide,sulfur dioxide and carbon monoxide mixed in nitrogen was reported.
Using high-purity nitric oxide gas, high-purity sulfur dioxide gas, high-purity carbon monoxide gas and high-purity nitrogen as
parents gases,the gas reference materials were prepared by gravimetric method, and the values were determined by comparison
method.The impurities in the parent gases were analyzed.The comparision method was established based on the Fourier Transform
Infrared Spectrometer.The homogeneity and stability of the prepared gas reference materials were investigated.The results showed
the homogeneity and stability of the gas reference materials were well.The ranges of property values of nitric oxide, sulfur dioxide
and carbon monoxide were 200~ 1 000 pwmol/mol,200~1 000 pwmol/mol,1 000~5 000 wmol/mol respectively,with the relative
expanded uncertainty 1.5% (k=2) for all.

Key words: nitric oxide ;sulfur dioxide ;carbon monoxide ; reference material ; uncertainty ; comparison method
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Fig.1 Chart of preparation for gas mixtures
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Tab.1 Results for mixed test

BBWREE, TR, AR

WP 1 iiRe2 Hr (pmol- (pmol- {25/
mol™") mol 1) %

NO 200. 5 200.9 0.2

1% 156220401185 SO, 199.9 199.9 0.0

Cco 997.3 999. 8 0.3

NO 498.9 499.7 0.2

2l 156220193141 SO, 497.4 496.7 -0.1

Cco 2482.2 2485.6 0.1

NO 1 003.9 1002.2 -0.2

= 2205106049 SO, 1 000.9 997.3 -0.4

Cco 4994.5 4 980.3 -0.3

[) e % Fe 7 B 45 41 43 W BE R A0 BT, #E 10~0. 5
MPa Z[A]¥ 5B 7 A 07 s, A e 7 AR
W3 W, F R A L AR E
B a=0.05,7 F 3 An i FHE %45 F,=2.85, ik
R4 R W% 2~10, 3R 2~5 MR EIR,
BWREE S F B/INT F o, RINR G4
3V (B B AR A% Fe 7 AR T Wb 35 728 Ak, AR X o
AN RE BE TTBRAR /T 0. 05%

1/ | /N w7 = A
n 0k
X = ;x]-/n x = ; ;xij/nk

k
ARBETF Q= Dol -5)2

j=1

0k
HRNZEFTM  Q, = ; ;n(xl/ —56/-)2
AME v, =k-1 v, =k(n-1)
HE%E & = 0/,
HHNFE 53 = Qy/v,
Githt F = /5
WSR2 sy, = /(s1/53)/n

BOEREE T ERATIEE  u

ps = Sbb

F2 RS NO BUR GG Z R

Tab.2 Results of pressure releasing test of low concentration NO

42 JE/MPa 10 8 6 4 2 1 0.5
200. 8 200. 7 200. 8 200. 7 200. 8 200. 9 200. 7
x;/ (mol -mol ™) 200. 9 200. 8 201.0 200. 8 200. 8 200. 8 200. 8
200. 7 200. 8 201.0 200. 9 200. 9 201.0 200. 7
%,/ (mol +mol™") 200. 8 200. 8 200.9 200. 8 200. 8 200. 9 200. 7
%/ (wmol +mol ™) 200. 8

GEita 2 :57:0.015 2,53:0.007 6,2, :6,v,:14,F:2.00,F o5 (6.14) :2. 85

FRUEARTNE B w,, :0. 050 wmol/mol , XS ARIEAHIE L u,, , :0. 03%
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Tab.3 Results of pressure releasing test of low concentration SO,
A/ MPa 10 8 6 4 2 1 0.5
199.7 199.9 200.0 199.9 199.8 199.9 200.0
xl-j/( wmol +mol ™) 199.9 199.8 199.9 199.8 199.8 199. 8 199.9
199. 8 199. 8 199.9 199. 8 199.9 199.9 199.9
xj/( pﬂl()l'rrlol_l ) 199. 8 199. 8 199.9 199. 8 199. 8 199.9 199.9
%/ (wmol +mol ™) 199.9
Biih 455 :51:0.008 2,53:0.004 3,v,:6,v,:14,F:1.93,F o5 (6.14) :2. 85
FRUERHAE E u,, :0. 036 wmol/mol  AHAARMEARHHE L u,, ,:0. 02%
x4 OERES COBUEIRESS
Tab.4 Results of pressure releasing test of low concentration CO
A%/ MPa 10 8 6 4 2 1 0.5
999. 5 999. 6 999.7 999.7 999.9 999. 8 999.7
xij/( wmol -mol ™) 999. 7 999. 6 999. 7 999.7 1 000.0 999.9 1 000.0
999.9 999.9 999. 8 1 000. 0 999.9 1 000. 1 999.9
56]»/( wmol +mol ™) 999.7 999.7 999.7 999. 8 999.9 999.9 999.9
%/ (wmol +mol ™) 999. 8
Biitai R 1s7:0.031 9,53:0.021 9,v,:6,v,:14,F:1.45,F o5 (6 14) :2. 85
FRUEAHIE B u,, :0. 058 wmol/mol AHXFRUEANHE L u,, ,:0.01%
x5 PURIE A NO RS R
Tab.5 Results of pressure releasing test of middle concentration NO
A/ MPa 10 8 6 4 2 1 0.5
499. 4 499. 6 499. 6 499.17 499. 6 499.5 499. 4
xi,»/( Mmol’mol_l ) 499.7 499. 6 499. 8 499.7 499.17 499.7 499.5
499.17 499.7 500. 0 499.9 499. 8 499. 8 499.7
an/( wmol -mol ™) 499. 6 499. 6 499. 8 499. 8 499.17 499.7 499.5
%/ (umol +mol ™) 499.7
GeiH 4 1 57:0. 026 0,53:0. 020 5,v,:6,0,:14,F: 1.27,Fy o5 (6.14) :2. 85
PREATHEJE 1, :0. 043 pmol/mol , HIXTHRIEAHHEIE u, ,:0.01%
F6  TRE A SO, BURIAEZS
Tab.6 Results of pressure releasing test of middle concentration SO,
A3/ MPa 10 8 6 4 2 1 0.5
496. 5 496. 5 496. 5 496. 6 497.0 496.7 496.7
xij/( }Lmol-molfl ) 496. 6 496. 6 496.7 496. 8 496.7 496. 6 496. 6
496. 6 496. 6 496.9 496. 9 496. 8 496.7 496. 8
xj/( Mmol‘mol_I ) 496. 6 496. 6 496. 7 496. 8 496. 8 496. 7 496. 7
%/ (wmol +mol™!) 496.7
GEit 4R 157:0.028 7,53:0.015 2,0, :6,0,:14,F: 1. 88, F o5 (6 14) :2. 85
FREAT E S U, :0. 067 }Lmol/mol,*ﬁﬁ'ﬁ??ﬁz:mé%fg Upe s :0.01%
£7 IS CO BRI
Tab.7 Results of pressure releasing test of middle concentration CO
A/ MPa 10 8 6 4 2 1 0.5
2485.3 2 485.4 2 485.5 2485.6 2 485.7 2 485.6 2 485.6
x,»j/( mol ~mol™!) 2485.5 2485.6 2 485.6 2 485.6 2 485.7 2485.9 2 485.7
2 485.6 2 485.6 2 485.7 2 485.8 2 485.5 2485.8 2485.9
56]»/( mol ~mol™!) 2485.5 2485.5 2 485.6 2 485.7 2 485.6 2485.8 2 485.7
%/ (wmol *mol 1) 2485.6

Beitai 1s7:0.033 8,53,0.017 1,0, :6,v,:14,F:1.97,F o5 (6.14) :2. 85

FRAER I .

:0. 075 pmol/mol , AHXIHREATEEE u, ,:0.01%
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Tab.8 Results of pressure releasing test of high concentration NO

A/ MPa 10 8 6 4 2 1 0.5

1001.8 1002.0 1002. 1 1002.3 1002.3 1 002.2 1002.3
xé//( wmol +mol ™) 1 002.0 1002. 1 1002. 1 1002. 1 1002.2 1002.3 1 002.2

1 002.2 1 002.2 1002.3 1002.2 1002. 1 1002.2 1002.4
fc/( wmol +mol ™) 1002.0 1002. 1 1 002.2 1 002.2 1002.2 1002.2 1002.3
%/ (wmol +mol 1) 1 002.2

Biitah s :s1:0.028 3,53:0.013 8,2, :6,v,:14,F:2.05,F 5 (6.14) :2. 85
FRIBEANH E B u,, :0. 070 wmol/mol , FXTARMEAHAE E u, , :0.01%

R  EIRIEE SO, HUEIRLZE

Tab.9 Results of pressure releasing test of high concentration SO,

4 JE/MPa 10 8 6 4 2 1 0.5
997.5 997. 4 997.2 997. 4 997.2 997.3 997.2
x;/ (mol -mol ™) 997. 4 997.3 997.3 997.5 997. 4 997.2 997.3
997. 4 997.5 997. 4 997.3 997.2 997. 4 997.2
%,/ (ol +mol™") 997. 4 997. 4 997.3 997. 4 997.3 997.3 997.2
%/ (wmol -mol ') 997.3

il 4R 157:0.017 8,53:0. 008 6,0, :6,0,:14,F:2.07,F o5 (6.14) : 2. 85
FRUEARHHE B 1, :0. 055 wmol/mol AHXARUEANHHE L u,, ,:0.01%

10 FHRES CO BRI LER
Tab.10 Results of pressure releasing test of high concentration CO
A/ MPa 10 8 6 4 2 1 0.5
4980.7 4980.5 4980. 6 4980. 3 4980.5 4979.8 4980. 3
x;/ (pmol -mol ™) 4980.5 4979.7 4980.3 4980. 6 4980. 1 4980. 3 4980. 5
4980.2 4980. 1 4980.7 4980.7 4 980.2 4979.7 4979.9
%/ (pmol -mol ") 4980.5 4980. 1 4980.5 4980.5 4980. 3 4979.9 4980.2
%/ (pmol -mol™") 4980. 3
GEiF 4R 157 :0. 158,53 :0. 079, v, :6,v, : 14, F:2.01,Fy g5 (.14, :2- 85
PR TEBE u,, 0. 162 pmol/mol , ABXIBFUEAHAE BE u,, ,:0.01%
2.2 KIRErE#E % M0
KBRS E YRR 58 5 vk B34 i) X e 5 107
IR A AT K R S 28, PRI A X B o hmmse,
PR (R 75 BT R 45 55 2, e 1 A | ———Y
FEIT, A3 VR BE R IR TR A A 1 AT g
g, TR EH RN, T T 6 A H 1t g o o
SEPEH A | HRA R A M B S G B 4 SR L 3~ B
5. R NIR,TEEEN 6 AN, KW SRS B4 SO, 4150 R 5K VR M A 405

RS2 73 1 e P (B TC ) AR A B, AR X

Fig.4 Results of long term stability test of
o oo
PR AR B IR 11, concentrations SO,
EN 12 [x10° ~ 6 [%10*
g 10} i ,'_S [ — R o
= 8r ——fEIRBENO DA
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g af o] Yk BECO
£ of &
=} e 1r
" oo .
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Fig.3 Results of long term stability test of Fig.5 Results of long term stability test of

concentrations NO
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Tab.11 Contribution of long term stability to

relative standard uncertainty of characteristic values of

components in gas mixture (%)
Al AR BT A 5 B BTk
NO S0, co
R E 1 0.10 0.27 0.05
PP RE 0.18 0.08 0.15
R A 0.21 0.11 0. 05

2.3 E(EAFELA B E R
MRAE 1.3 e B A1), EEE R
AR XS BRSO B ug,, = u, (C) =
wl(xg) +ul (wy) +ul(Cy) o XFF AR A 5 B
w,(wg) u,(wg) Al L iR H X Xy FA AR X
Wi 22 A, DO & 45 2R 19 8 &2 M RSD KUK,
u,(Cy) AT LAG I T E R — bR HED) BT 25 S i AN 1 o
JEFIR . PRUEY BURIIR A SRS I 5 10 1%, 3t
SRR AT E u, (xy5) wu,(xy) , B WP KU
FEREIL RN 12 iR,
F 12 AR AN E B LR

Tab.12 Summary of uncertainty components

of the fixed value process (%)
RESE A w(xy) u,(xp) u(Co) Uy,
NO 0.03 0.04 0.5 0.51
R SO, 0.04 0.03 0.5 0.51
co 0.05 0.02 0.5 0.51
NO 0.02 0.02 0.5 0.51
kB SO, 0.03 0. 02 0.5 0.51
co 0.03 0.04 0.5 0.51
NO 0.02 0.02 0.5 0.51
FWRES SO, 0.03 0.03 0.5 0.51
co 0. 02 0.05 0.5 0.51
2.4 RHfE BRI R

AR JIF 1344—2012""%" s BR S AKAREY)
JRE (B AT A8 B % 18 3 AN T R R el
I BIANE L u,,, , FIIVETI AR E
W, FREVESI A WA E JE w,,, o RAEMEL

AHE BEAT LLE A A (3) L (4) -7, B A
AN B B ER 13,
AR AR AN 22 B

ek, = A Ut Upre,e F Ui o (3)
XY A E

Ucm,r = k X ucpy,, (4)

1 2% 13 A, pif Y A0h —EAL R A

B, — AR SR ) BT AR X R AN A i 3
ANKTF 1. 2% , PR SFAG 1 52 H AR X P J AR o 2

R 1.5%,
T3 AAEREY R (E Y A T

Tab.13  Uncertainty for characteristic values of

gas standard materials (%)

RARM Hr Ugnal,r  Uprs,r Ups,r  UcRM,r Ucmw,,»( k=2)
NO 0.51 0.02 0.10 0.52 1.1
iR SO, 0.51 0.02  0.27 0.58 1.2
co 0.51 0.01 0.05 0.51 1.1
NO 0.51 0.01 0.18 0.54 1.1
S SO,  0.51  0.01  0.08 0.52 1.1
co 0.51 0.0 0.15 0.53 1.1
NO 0.51 0.01 0.21 0.55 1.1
EWES SO,  0.51 0.01 0.11 0.52 1.1
co 0.51 0.0l 0.05 0.51 1.1

3 &g

ARG T AP AR A — %L
AR ER SRS R . R PE BRI
#m Ik 3 AR BE TR A SR EY BT, #E ST
BT B AR 2T ARG 3 BT A 3 B O s
RMCBIE A, I H 58 T MR ) 5 5 44 2
PERHIARR E P, S5 R SR W Ay b — %81k
R AR — SRR AR HE ) B S PR AR
TENVE R W BRI R E L . — AL R 200 ~
1 000 wmol/mol , 48 LA : 200~ 1 000 pwmol/mol
—4AkH% .1 000~5 000 pmol/mol , A XF #™ & AT
FEEN 1.5%(k=2) . REAEIE L [ 15 YL IR LL
IR GE M3 B A A BRI W AL A s A e
AR

S % k.
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