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Preparation of standard material of methyl stearate in isooctane used for quality accuracy calibration
of GC-MS and uncertainty evaluation
Liu Shuhua, Wang Bingyue, Wang Jun, Wu Hong, Zhao Haibo
( Beijing Institute of Metrology, Beijing 100029, China )

Abstract Standard material for methyl stearate in isooctane used for the quality accuracy calibration of gas
chromatography—mass spectrometry(GC-MS) was developed, and the uncertainty was evaluated accordingly. The acquired
methyl stearate was well characterized by GC-MS and Fourier transform infrared spectrometer(FTIR). The purity of methyl
stearate was calculated by mass balance method with principle component content quantitatively analyzed by GC—FID with
area normalization method, water content was determined by Karl Fischer moisture titrator, inorganic impurity was analyzed
by inductively coupled plasma mass spectrometry(ICP-MS), and trace solvent residue was determined by headspace
GC-FID. Standard material for methyl stearate in isooctane was prepared by gravity—volume approach, which was then
thoroughly evaluated in the aspects of homogeneity and stability. The results confirmed that standard material of methyl
stearate in isooctane with certified value of 10.0 ng / w L was fairly homogeneous and stable, and the relative expanded
uncertainty was 3.0%(k=2) with 12 month validity.

Keywords methyl stearate; standard material; gas chromatography—mass spectrometry; uncertainty evaluation
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A PRBE R BE XA S K A RS2 o X AR i, SR
FOR - BRI E L R S P R [
BEMLAME 11 (3 FE i, B FE 0 2 10 mg, BRFE 5
FEAAIR] A BREE K S5 R a3 Wk, O3, 45
WH T2 2.t 2 TT0, B i 7R V5 4 A v o
JER R IR A3 R SR P, KON 0.060 5% , K53 Fr

L 0.061% it
F2 EREERT ARSI ST 1=3) %
KAy B FH RSD

0.0605,0.0603,0.0586,0.0590,0.0588,0.0588, 0.0593 1.05
0.0591,0.0594,0.0585,0.0593,0.059 6 ' ’

3.1.3 FEALTEE A E

K FH ICP-MS 12X Bl s ) ot P o ) el
TCRAHA T E R, 5T DZ /T 0223—2001
BRI B S 1 AR TS (ICP-MS ) 23T 7 w3 ) )
M E 66 T &> ARSI BRI E
10 g/ L BYFE AL, MESS R Y] T3 3. H3R 3 Al
fEf g2 H g 66 BT R & & e LT R 2% i i i
SR 0.00101%, ST 4E L 0.002% T

*3 EREBRPEPLINTENESSR %
LR S LR S LR FESE

Li — Br — Sm -
Be  0.00000002 Rb 0.000001 Eu -

B - Sr - Gd —
Na 0.000 042 Y - Tb -
Mg 0.000 11 Zr - Dy -
Al 0.000 036 Nb - Ho -

K 0.000 042 Mo - Er -
Ca 0.000 052 Ru - Tm 0.000001
Sc 0.000001 Rh - Yb -
Ti - Pd - Lu -
\Y% - Ag - Hf -
Cr 0.00047 Cd - Ta -
Mn 0.000001 In - w -
Fe - Sn - Re -
Co 0.000 002 Sb - Os -
Ni 0.00024 Te - Ir -
Cu 0.000 003 Cs - Pt -
Zn - Ba — Au —
Ga - La - Hg -
Ge - Ce - Tl -
As 0.000 006 Pr - Pb -
Se 0.000 003 Nd - Bi -

314 #HBREEFEZGNE
A SCHRARIE , 14 58 E5 R A 1 P G 1 7 2 A2 DA
VTR IR AL, A R R 1R 5 P B e ik, W]
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FE FH 2 9 700 by HE 2, R ot Xt 72 Y T 1140 37 751
B E T B AR AR o H A Ak o, B
GHFER AR LNSTE i iR B hitE— P ikt
S50, R TS SR (3 0 % Bt B 1 Y 1 0 B A 1
i A R M R R B R A T K, &5 2R R A TR
i H R 4l Ao i b R DL 2 e B 3, U P, L O 1
315 METHEEMEER

Tf i 2 P G = A 4B P, N 98.17%, 7K 43I
TP, N 0.061%, ¥E R PR I BR /P, R A,
THICE LR P, R 0.002%,1CAZK (1), THE AR
TR W R4l P=98.11%. %45 SR AE A A e H PR 2l
T it TIE A5 25 5 (B B AN 8 B A9 L2 P, BRI e il
i FHIEB 45 E 6 P=97.97%, U,=0.3%, k=2 ) {F
kR i FE B 4 AR T (L
3.2 BERFFFRL M

SN A S o ot P RS R R R VA TR TE )
Jo T ) JIT i (A AR, LAl B 2045 BARIE . SR AU
ik (FID KA ) X S e dE AT 40 B 5IE , 46
MRS A MARIR PRt . B 580 bt (i
FICIE 2) FIRE B Y B — 52 e Vs i (i 1) 5 in 1
( 3) ATEB, S e AS S R SR R, HLSebe
W B e B AN SRR IR PR 1 24 B A,
LA i) il i i F T 1 8 S 2 A B 2 B 0 L 1

&

SEbE

Tt i H i

1 2 3 4 5
t / min

3 e PR T
4 PHEHERIE
B vER J5T () 20 ) P S Al B bR v o P RE ) — A

o -

RGN, WIR bR v T (E RE vE A % 328 14 ) o I
Bk, B vE R T B R N 2 S, RIFE —E B4 43
T A R (R R A 0 AR JUF 1343—2012°
TR TR H XPRE i B AR A R R R, B
LA I i 5 1 S ot P R IR TR FH R A 4 TR
A — P — JE REALIE 15 a2 AR A
FE 3 WK, HEAT Y S R B, R B0 45 R Tk 4, St
GERAN TR S, HE S ATHL, FAE/INT Foos 1as0) Bt
HHAZRE S 3 20 M R A
%4 BEETEERPESERENRY SRR ESR

JEHEWE/ (ng- wL™)

RS M BREEE
1 10.2,10.0,10.1 10.10
2 10.2,10.0,9.8 9.98
3* 10.1,10.1,10.1 10.11
4 10.0,10.2,10.1 10.07
5" 10.0,9.8,10.0 9.94
6" 9.9,9.8,10.2 10.00
7" 10.0,10.1,10.2 10.10
8" 10.0,9.9,9.9 9.93 10.2
9" 9.9,10.1,10.2 10.06
10" 9.8,9.7,10.1 9.88
11" 10.0,9.9,9.9 9.94
12" 10.0,9.7,9.8 9.83
13 9.8,10.0,10.2 10.00
14" 9.9,9.8,10.1 9.94
15" 10.0,9.8,10.3 10.03

£S5 SFRPEERFPEIRITENRYAERESITER

| il A H] A 2 2 L2
T MO, My Ay MO/ SO PR

0.3131 0.5571 14 30 0.0224 0.0186 1.20

5 FEEMKRIE

o VHE 400 O 11%) R P 2 8 0 L 1) R 2 B o
E AR AV 50, BRI o R M Az B b R
peS LA E U AT R /I 27U =V R ne 25
SE S TG A S, 7 — 5 R [ [ i P B ARG 9
R AERLAE Z 4 T CRAE AT ) ok 5 Bt o ] ) 2
A B, JIF 1343—2012""°) Bk, % I 1] 0 it 2%
TR M W 25 ST T, B AR [R] R A
SEAE AL BRI TR
5.1 sdafa T b is

VA AE A S S AR T AR e X RIER A
PREYI R BT TR E PR e T 20
CHI 60 CHAF 15 d, Hir 20 “Cil i vKF A R 3K
B, 60 Cil il BAEMA i, A3 AIHES 0.2.4.7
10,15 d PEA TR P W, SRR R0 A e e PEAS 1
2% BRI BEALEURE 3 ASFE L SRR S T E 31K,
5515 d G—HATIR . —20 °C .60 CIVAF 15 d (1%




XA S5 A3 — T Ipe SRS v Bt R P e Joe RSB N 2 Y P PRV V0 BB o) B AN o JEE T 5

IR R MR IR 2 R T3 6, G458 T3 7.
7 ATAL K E T, RPRAATHEA B B,
AR 18 S 2 Jo h R S T Y TR bR AE P 7 —20 C
F1 60 CIAF 15 d N, HASFF BEEFRE 1

®6 RERPEIEE TSN RERRE ISR

MEXE/ (ng- wL™)

il / d 0 0
0 10.1 10.1
2 10.0 10.1
4 10.1 10.1
7 10.0 10.0
10 10.0 10.0
15 10.0 10.1
®7 SFEFRPEERTERAGTENREHREESITER
I/ C ENIEGE 45ie

B b=-0.003 6, #lH b,=10.053 3,
HZbRER 2 5=0.0559,

1] < fo5,02 % 5(b1),

20 BRFRIER s(b)=0.0045  BEtET B
RHARERE up=s(b,) x 15=0.068 ng/ w.L
BHE b=-0.000 8, #lH 5=10.056 4,
60 HLARIENN 2 5=0.0523, by < th95,02 % S(b)),

REERRER 22 5(b))=0.004 2
RHFELE ug=s(b,) x 15=0.063 ng/ p. L

52 KA ST

h T P AR AED) TR B AR A T, AR A S ) 20
SE IR BT BREAT AR I 52 R TR
(4 C) A, 2 3RS 0.3.6.9.12 > i
TR PEMEI . AU 3 Oy RE i, BEOYRE A A T
FE 3K, LA 3 U 25 SO BEAE R AE R,
ot HRE g R Y IR  ObR HER I 12 A H KR E
PERG IS ARG 51 T35 8, et 45 s T 9. K9
AIAL, ¢ KB gk, DR RAR TR 1 3, R W] o
Jot v B I P FEY TR VAV P S (ELAE 12 N H IR R
S AR A

®8 BEEPEEE TR AN R KRR R

FEMETC AL

isfral /A MESE/ (ng- L")

0 10.1

10.1
3 10.1
6 10.0
9 10.0
12 10.0

R9 BFERPERBFIRARAEYRKBBEESITER
HhE / C Gitsh R ik

FHE b=-0.0105, 1 »,=10.1146,
HLRARMEZE 5=0.0024,
RERAR 2 5(b,)=0.004 7
A5 BE u=s(b,) x 12=0.056 ng / . L

6 AERITEMREE
S Joe P IR I Y R AR E ) IR T —
FEETREAE, AR R TR P 15 1) 40 (L PR A o i

[b1] < Zo9s.n2 % 5(by),

FaE M R 1

FIPEE AR R RV L e e P R IR
T2 PP TR VRO ) o 14 I3 Y R (L 2R

_mPVe s 10246 X97.97% X 10 | -,
=y <10 1001000 10
=10ng/ nL

Hp.c SRR R HETR HH fR A RO ) I ) B

wWE , ng/ wL ;

m——E IR R R 40 B AR A () T i, mg

P——Tfi 5T F Fg 2l B A S 20, %

Vy——10 mL ZIEB R E AT, mL ;

10— R 8

V,——100 mL Z i 258, mL ;

V,—— 1000 mL 25 e 2R, mL.
7 BRREYRAHEEIEE
7.1 BERGER F B Lh AT S BN R L Uy

T IR 1 FF i 0 B e o ) B 2 4055k 97.97%,
AT AN 2 BE R 0.3%, k=2, 0] ;

Uv=0.3% /2=0.001 5

72 HREAEAZ TN R Uy,
72.1 RFHREITNEAHEE

(1) RFFREE i KRR 2, MR I,
TR fe K Fe iR 250 0.05 mg, #3550 534
k=3, BFRES RN EE IR MR, — Ik has £,
73— B, B — BRI 34 R 37 i X 2
PR AR ZES | A BRI E .

wi= /2 x(%)z = 0.0707 mg

(2) RFFREAE S, o R R UE 45 7T A1
HAR N 0.15 mg, #EH 51500, | = /3, HbsifE
Sy H TR, O B, 0 — I B,
DR Ay A — OB E 38 A S A 25 51 . AR Bl 5 |
AR AERIRR AN 3 S

2
o = /2x<%> = 0.122 mg

(3) I, TR R T RRE , I n] 205
PRI, B SRR S A BB AR AN FE
Uy = mz 0.15 mg

EREIR H IR 2E BE AR A PR EE 102,46 mg, FH UL |
SRR A E E 10y =0.15/102.46=1.44 x 10,
722 BRI L TN R AARE R

H A 7 VR AR R B 3 B A AR i AR Ak, 9T LA
o B2 TR B X SR B 2 e 5 | AN 2
PRUED) T il f B AR (20 £3) °CL A
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HIEHER LA 3 CHEARBUALHTS | ARITREA
BRE L. S ke R BN 1.19% 107 C
L= A A AR -

1000 mL x 3 °C x0.00119 C '=3.57 mL

100 mL x 3 C x 0.001 19 °C '=0.36 mL

il AR I ) o0 Aii ke = /3, S Be Bl R
JEAS A | ARIAR S AR AE AN 2 JE -

Urel(1,10000 — % =2.061x107"
036 _ 5078 x 107

Urel(r.1000 = m
X RS A TR L A
Urer) = \/urel(t,IOOO)z + urel(r,lOO)z =293x%x107°
723 REEBINNALHEE
MR A 5 FH 3% 385 1t 45 K6 22 1IE 15 100 mL 1 1000
mL 2 HHUR R SRR ZE 30 +0.10 mL, +0.40
mL ; 10 mL 73 & W 8 1RO iR 220 +0.050
mL, &) 5345, k= /3, B E A A A PR EA
Wi JE

0.1

61,1000 — ~ e o D X107

Urel(v1,100) \/§X100 5.774 X 10

Urel(v1,1000) — % = 2309 %10
0.050

urel(vl,l()) = \/g > 10 = 2.887 X 1073

T i) £ 57 Jot T A TR P 5 4 VA YA ) R
f AR, ] 100 mL 78401000 mL 7 4 .10
mL WA A 1 U, I A AR 5 A B A X AR
AN -
Urelvn) = \/Mrel(m,looo)z + Uraerion + Uorio) = 2.95 X107
124 FRHEEEM/REEEREWHENE T £

W 7 =

100 mL 7 i SO Sei 11 AR AR Y
FRifEAR 224 0.03 mL, 1000 mL %5 i i ) &2 78
T 11 PR E AT A AR HER 224 0.10 mL, 10 mL 43
JEE W A A o R e 1L OO S FREE A AR
A 22 0.007 mL, W) 7035 25 F L/ W A PRy
BEATLAR Ak A AR AR AN o 2

Urel(v2,100) — % =3x10"
Urei(v2,10000 = % =1x10"
0.007 = 7% 10

Urel(v2,10) = 10

7 ) £ = Jot v IR TR PR TR A M VA TR A A
A, AT 100 mL 21000 mL 2 L 10
mL A% 1 U, W SEE A i / R A ARG Y
BERLAS A A AR R R AN R T
Ureiv) = «/ Ureio2,1000) F Uretoato0) T Ureiozi0) = 7.68 X 107

VEMRC S RS LAY & BURH A AR R

Ureip) = «/ U F Ui’ F Ui T Ureann) = 4.47 X107

7.3 EIRATAEN ) G PTG TR L )
FRHE JIF 1343—2012 "), 935 5 AT 1, 24 5,2 K
F s, b bR 2 -

S = /% =0.036 ng/ p.L

I PRI 25 -
s, = y/s2 =0.14ng/ nL
5 52 O MR VA Ml 25 X T o o Al 22 P 52
DAz e o 5 A o g 22 A BRI O -

2 p—
Uy = 8" = 4/ %'4/‘% _0048ng/ pL

TEHA R X=10, B ARG A B ART AN @
Useio=Usy / X=4.80 x 107,
T4 TERARAE A RAL SN R 1y

e TR IS e T 45 -8 T3 7.3 9, iR 45 JIF
1343— 2012 P8 Ty e rP R SR TP SV AN
PEGIARIAIRE B . Hor, BAR e M5 | AR
B2 s = Vo + e =0.093 ng/ wL 5 KIFaE
PEGIA BRI E FE u=0.056 ng/ L. FrEtEs]
ABE B EATIE R y, = /ui + u? =0.11ng/p Lo

LR X=10, WA PG A B AXEANE &
J¥ =1,/ X=0.011,
7.5 BRI HESERY R HEJE

W4l 5t (A B AT R MR A
AR AN 2 55 B, BVAS WA 1 0 o 1 6 AR X
N

Uret = x/ urEI(x)2 + Mrel(p)2 + urel(bb)2 + l/lre1m2 = 1.37%

B k=2, BAGIX 0] ] 95% MY 2 1F T, 2 (E 45
A AR RN E B U=k x u,,=2.74%.
8 =EEWIE

Sy Wt U T B B B B SR A I A P
AT S AT, e b R R A R B AR
(t) GBW(E) 130662 1 Ay b5 ik, 45 Biti Ll BL 3 L 5
3 Jot v R R FE R VA R OE AT B (E L X, 25 SR B T




XRS5 AR 3 — T IBe SRS v B A R 1 P S Joe RSB N 2 Y P PR VRO 0 BB o) B AN o JEE T 7

F10. HER 10 ALAL, (£ B/NF 1, BB A9 4R
YR i (LA B TG AR R

10 SR BRI TR L RIS R
X/ v/

X 1
Feh (mg-pl) (g pl) Er
GBW(E) 130662 10.0 0.2 -
1" 10.2 0.306 0.62
2* 10.0 0.300 0.0
3" 10.1 0.303 0.31
9 #HiE

S ot v R A R Y TR S VB v ) o R
T — 2R A T e AR, 23 IR 1 A 1 AR A
R, VP T AE RN E B a5 R R b
HEY) T GBW(E) 130662 HLXT, 56 IF T 72 {H 25 SR 14
HERPE . AW T (A 45 S AR X 4 N o
U=3%(k=2) , AR R 12 1~ H o
S & Xk
(1] feFI5 Bsh S, 4 . Rapbeh BRI B ER A b e T Y
B0 ], A=A HR, 2019.28(21): 6.
(2] Wtk JUF 1164—2006 { 5 =0S0H R — J s ot F AU vz R )
TSR R AR [T ], TP DA™ 5, 2015(10): 45.
[3] ZHa¥y, XUE, JKSCH %5 . GC-MS B Sk b/ \ R 25 e

YITRIEE [T ], 25 Bt , 2014, 23(2): 6.

(4] B, Mt 300, 45 . s B AR [ M ] dbst: 1k
2 Tl H AR R, 2006.

[5] JIF1005—2016 FrifiEdiuim AR S LS .

[6] AxFEbRuEY) BaE 22 51 2 . bRl ST i) 48 B S T [ M.
Jeat: A R, 2010: 38.

[7] JIF 1164—2018 SAHERE — BTG HRLIE [ S ].

[8] JIF1006—1994 —ZARfEPIBREEAMIELS ].

(9] ZRZIMg . AR o ot b 478 1 SO BV [ M. dbst : rh b

e A, 2014,

(100 EhJE, TR, T, 45 A HLAE AR 1Y) o0 (E R AR B 5T ik
JELT ] AkzEmhaE47,2013,32(7): 901.

(1] 2200, B4, 2, 55 . RRARIEY) BT h 2= i BTt o [T . 1k
2#18571,2016,38(11): 1077.

[12] 4, WAERR, Sk, 55 . AR 5 55 TR B 0 K A v
AL 65 FIOCE [T ]. BRI, 2014(8): 1418.

[13] T2, 3050, BE0, % BT HEE G S5 ARk AR W
FLi Ah ZFoC R E T [T ] B A A
2:4%,2016,7(2): 755.

[14] tp s, shdlbfl, 4 R . BERR AR FF R A it [ 1], Tt
9%,2012,23(5): 16.
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SR A SR BR 5r SURAR Y B A

W E L RE, ik, kX — ", ETE B, !
(L P E RS TR B =090, Urm 250031 5 2. BT AT, INAEE 264200 5 3. fEREH RA) (LA HR 276800 )

WE RAFRZEANTRATHREA A AR T =R e — BB T 22 R 5 AR AR ED IR, A
BTHREEHNERR HELPALL RO ZTFLRE, F5 MR Flhfew )2 &k 510 69 2R ir g Rty
TH G BMAALT AT, R E, R 6 R AT A RIS AR ES R B RAFH 3 4 AL ARAT
AW R AL R A 10 pmol /mol, FALLE R T R RAZEA 1% (k=2 ).,

KR RS ARG REE AREMR

FEYES: 0652 ERERIDAD: A X EHE: 1008-6145(2021)07-0008—04

Development of gas standard substance for helium analysis with impurity component
Zhang Wenshen', Song Lei', Gong Ruyan’, Zhu Tianyi', Dong Yazhuo', Xiang Zhulin’, Lin Shuai'
(1. Institute 53th of China Ordnance Industry Group, Jinan 250031, China;

2. Weihai Metering Technology Research Institute, Weihai 264200, China;

3. Rizhao Power Station of China Huaneng Group, Rizhao 276800, China )

Abstract Neon, hydrogen, oxygen, nitrogen, methane, carbon dioxide and carbon monoxide in helium gas standard
material was developed by weighing method. The weighing method technology and quantitative process of impurities in
dilute gas were introduced. F—test and regression curve method were used to test the homogeneity and stability of the gas
reference material. The results shown that the gas reference material developed for helium analysis was uniform and stable.
The contents of impurities in gas reference material were 10 w mol /mol, and the relative extended uncertainty of the gas
reference material was 1%(k=2).

Keywords impurity composition; helium gas; weighing method; standard material

SR I BRI 6N
AU KT TR AR PR S
R PACHE HE R0 I ZEARZS AR . RBL

WAL SRR R
AR —E AR A Gl FIER A T R
AL, P Bk 7 MRS R AR RS GB/

Rz ATk P R A SRS A&
Frimi R Gef MR ). BRI Z A1, S e
AT SR RDCET 2 il i v A 36 B2,
A e ST S B A TR AR L~ SRR il i
A FETRAF A PR v 10, DT i85 A 7 3R, 30 BB il T4
i R, LA R A PR I b B s U T
HAL AVERERE , PR TSR 1, AEE NN IR =S
TR N N
SRS A7 A =S S o B PR T ik AR
Ao, e A SRR R A S i R BEE M A

T 4844—2011"° s 425 1 T W IO IR 2, S 4t
FESERAARIE A A B A A . ST EfR
$ ARSI 2 o B SR A H L H R E B B 24
BT FH 2% 50 A3 S AR HE ) 0t 32 B A7 A 45 2% 0 {1 A
e N (oL S

EFHEMAREECHE, RHERUENAE
TSI OTEAGHEAT AT, DH T A 7 Rl 2
TS R A 4 18 A SR bR 4 5T, 34 il
FHF RS 56 600 [ 051 2 32 %5 B A1) B 2 A s o 0 ok
F7T S5 R E P B . 25 SR, BRI i S A

BEEE  KOON B0, TR RBRIED) Uil 6 M b HoRBT Y

S HEE 2021-06-09

SIAMEI SKOCH R, B, S M A B SRR R [0 1. A2 ik, 2021,30(7): 8.

Zhang Wenshen, Song Lei, Gong Ruyan, et al. Development of gas standard substance for helium analysis with impurity component [ J ].

Chemical Analysis and Meterage,2021,30(7): 8.



SRS, A - ST AR U  SRBRIERD) OBt ) 9

PRUED) BT B R AT 34 A PR AR 1, e (45 R
10 . mol /mol, & i 25 5 B A X 47 @ AN B o2 B hy
1% (k=2 ),
1 SCIGERSY
1.1 2B 5H#H

L0 LA A% IDTMC B, 5728 30 kg, K
FER S mg, EFRREIHER 2408 (i) A IRA T,

Jok s HL S T AR A A R . LC-3200 7,
Fe A bk il L 20 AR ARG 4% ( PDHID ), BIATA 4%
() A BR A

T 7K A3 BT AL : SF35505 &, K A& T BR
0.1 wmol/mol, A Kzl T B~ 0.1 pmol/mol, 3
]38 FH A F]

BLA RS th i gl Ab a8 Rl AR B4, A
T

AA 4S5 : P2, LA AN AR I it ek

16 MPa, J 5 GERHE A BR A

AR BEAFE RS T 1,

F1 GSEERAFRRE

Sk IR 4R/ %
[SE R et S Tl AT FR A ] 99.999
AR T EOEIIE TAFFT T BiAT B2 F) 99.999
[SE e T SOEIE TSR BR A 7 99.999
AR rh SOEIE TR B FR T 99.999
iR R et S/ Tl S AAAT BR A ) 99.999
T2l R e T A AR AT BR A D 99.999
Fali—f Ik E AR R A B A 99.999
[ A3 A PR AT B A ) 99.999

1.2 ARAFED RH &

W GB /T 5274.1—2018 #4155 4=
Jo RS S MR ) 4, SR AR A s
PR iR T A B IR I R o SRR S
SR BT L, 8 R R 22 (E R I A SO TR AL 53
SRR T A, MR 45 41 A A e A B T i B AR EE
IR, TS R4 A MR EE

28 LS A BR A ) H AR SO W i i Lh
BAN E S AR, AR S B AR SO S Bl R B
$2, R B2 FE RO LR B R A A A T
FLA AR ARG R AR B LR ERAE, FNA
Wi RS, e U PR HER BT il 25 . SR A F it a [k
A AR B T R N AR A R bR
NHE FE B PEE LN 0.01 g, M 2 Fr i il i <
AR VEE A SRR R G N o R, 10 H R 2
BB N EA/NT 5 g, RICR S WKHG R
B H PR BE , BIDRr 26 SRR H A 10% mol / mol

1% mol / mol.0.1% mol / mol.100 wmol / mol.10
pmol /mol., ARIEFREHERTE, R AR FR R,
R E G PR 3 K, 3 IR 45 R e R 25 (HZR /N
T 15 mg, M3 BRI - B8 Ry e A 45 SR kA 7
HIT5
1.3 97k

XA HT R A A A T A R PR AR
it AR T A T v 2L M T, O 2 Y L A Y
5 PR DR AT A T | IR ) B ) AR A S A0
T I AT D B RGBT T VPAN 558 T R
FE A1 Ay A AT R SRR &R i T AR
3 AT F 2% B o AR HE R T i 35 ) Pk R v o
Brogukt

PEAR )G 1 23 B 564 SR AR, R J1 R 0.45
Mpa ; KN AT, K I8 0.45 MPa 5 R 50
C; HFEH T 100 kPa 5 &2 5344 0.5 mL ; (354
SR 5 A S Fi (3 MR, 4 1.8 m), PQ AE(3 4R,
%N 4m), CST 3 (1 4R,0.6 m) JEEAE( 1 AR,
1.2 m, BA .0 UIEIoiae ), #4 A U ( L
) AR AR b s ] 51 5% 2,
FERAE S 3BT E] A 11 min, 4387 05 15 AR 25 5 3%
ARG T3R 3, Al A s o ek K LKL 2.

®2 @YIERATE min
Fi i) i 1 g 2 i 3 i 4
1 0.01 0.00 0.00 4.8
2 0.2 0.00 0.00 75
*x3 BaASSHTHASBEERNER
“elbensh Gk el O
I 256.3,255.7,257.3,256.8,255.4,257.6 256.5 034
) 357.8,356.4,358.1,355.9,356.7,357.6 357.1 025
) 2542,2538,2541,2549,2536,2532 2540 023
A 1548,1542,1539,1553,1549,1543 1546 0.34
e 3223,3214,3217,3229,3235,3227 3224 0.24
AR 3668,3652,3659,3674,3679,3 668 3667 027
—&4LBE  1014,1015,1013,1015,1016,1023 1016 035
O,+Ar

2 %‘é@’it/ﬁ/‘*%ﬁ%@iﬁ%l&l
2 HR5H®
2.1 #H AR
TR P A o SRR B 0 17
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By S HEVTA e tiff e i T 28 A bR vE ) ot i Y 52
P QAR AW =Y N R TR &N 7l 7/} i R N
RO PN SRS e ) B AR U0 e I8, TR X
JE 7RI S SR ) T R A AN [ R 1)
NS5 (A0 R 2E 8], A [R) R 0 9 o 4 T o (A A 20
BRI T F R A HoR i A o0,

WHHURSE 50 58« il — @ VR A R o it
FH 2% W57 SAMRAR e T, SRR G 350 R E N
SRR P A AR G208 R, 43 IE 1.2.4.6.8..10
MPa FHIN 532 SRR Y B R B2, X 4% R 0 T
By st 3 O, A2 R ISR 4. B 0=0.05,%& F
el Fooss.10=3.000 H13& 4 (GETTE5 5 0] A, K 56
S50 FAERI/NT F,, R D) A8 sz AR bR e
Y A STV E AT 1 B 2 S S S PER S B A o

F4 MERRHIMRRER

MHE(E / (. mol - mol ™)

1MPa 2MPa 4MPa 6MPa 8 MPa 10 MPa

10.15, 10.16, 10.14, 10.04, 10.06, 10.05,
b 10.06, 10.04, 10.13, 10.03, 10.15, 10.11, 1.85
10.07 10.01 10.12 10.02 10.13 10.07

10.14, 10.16, 10.12, 10.01, 10.02, 10.04,
= 10.07, 10.04, 10.13, 10.06, 10.12, 10.08, 1.63
10.05 10.06 10.12 10.02 10.15 10.03

10.11, 10.12, 10.12, 10.09, 10.07, 10.14,
=) 10.03, 10.14, 10.02, 10.02, 10.14, 10.12, 2.02
10.09 10.11 10.07 10.04 10.11 10.09

10.12, 10.14, 10.08, 10.07, 10.12, 10.06,
10.14, 10.12, 10.04, 10.12, 10.06, 10.04, 1.88
10.09 10.06 10.13 10.15 10.03 10.02

10.05, 10.10, 10.15, 10.06, 10.12, 10.05,
ke 10.08, 10.15, 10.07, 10.09, 10.16, 10.14, 1.93
10.03 10.13  10.06 10.03 10.08 10.07

10.12, 10.15, 10.12, 10.06, 10.09, 10.06,
HfkBR 1014, 10.12, 10.02, 10.08, 10.11, 10.12, 2.36
10.15 10.14 10.08 10.12 10.12 10.11

10.06, 10.13, 10.14, 10.05, 10.11, 10.02,
—& ALk 10.09, 10.14, 10.08, 10.10, 10.15, 10.11, 2.19
10.03 10.12 10.07 10.04 10.07 10.06

22 REMFER

R T 2 A I ) SRR E ) B = R R 2
5 FLAT KB a] A Fa e 1, ) B il 45 TR A AR R4
TR NS AR TS AR
A FE S 2 A, B R R s a0 SR
R 5 A —F, (I 4% SR 22 W] ) 2 S 25 o ke
YR oy AR B R A 25 5 . AR E PRARiE JIF
1344—2012, 2% H B S Bk o8 J7 ik, o il 78 <k
bR R4 5 45 1,2,3,5,7,9, 12 S A 1B At
[E) 0, P o 8 — R oz e B 1 S AR b oA 4 I
SR I KT Fe 0 B O AR PR VA ST 2R A T (L, DA ke

B

B ARBRUER) T B AR 1, IR L2 5.
ARCAENEER A LR PRI E B g B U R L s
Wl & TR A A BB AR AR LR B e, B

RS (] Ay A, A e 00 (B A A A B A Tk

PG A5 HLL IR R b, 3 T RaE BbREY I, b

I ERE A 5T b AR 2E, AT ¢ K2 ( B

FHEE A n=2) BEATHIWT, 35 b /INT th05. 0 X s(b) NI FR

BRI B E P AT X3 5 Bt T e K

2k L e I 11 6] e AT o 1) S0 20 A FH 20 I g

S ESARBRUER) B Y (A B AR, BITE 12 4>

H ZASHEY) TR (B R AR P 5E Y .

x5 BEHEZARER

- y #ePE / ( wmol - mol ')

WY TR 38 s 7 9A 124
T 10.06 10.11 10.06 10.12 10.08 10.09 10.05
E 10.04 10.09 10.11 10.05 10.03 10.11 10.05
) 1002 10.09 10.05 10.11 10.04 10.06 10.08
A 10.07 10.12 10.09 10.14 10.08 10.12 10.07
e 10.12  10.08 10.06 10.12 10.05 10.11 10.03

ZAARRR 1005 10.02 10.09  10.04 10.08 10.10 10.04
—& k% 1013 10.07 10.05 10.11 10.07 10.09 10.12

23 FALL R AR

AT 2% 0 o3 SR HE ) ot R R o
DB AH, (A5 AN 2 R U5 SN 2 BE 53 B T
FE FEZ G LT = AT FRE ST A R AR
AN PE gy gray 5 I DIVEG I AN SE BE 14,1 5 1
REMET AR EE w0 B AHESE
BRI T3 6, PR UEY) T L\ € (E A 2
FEE A N O AR R,

AT B AR AN 2

Ut =y Uretgra”  Uneip F Unet i
B k=2 , A3 R JE U=k x u,
F6 THEEHIELRA %
kA TabEETIA BTN REWTIA G R R

e AT SEE SR A

A 0.16 027 035 047 1

) 0.21 022 0.32 0.44 1

= 0.12 0.24 0.30 0.40 1

A 0.12 021 0.32 0.40 1
HHoe 0.12 0.22 0.34 0.42 1
=y 1413 0.10 0.20 036 0.42 1
— Ak 0.16 0.25 0.32 0.44 1

24 i

LTI M 2% 5oy A v ST A ) S
SRS T anfa] L B B AR SR 2R i, AR SR
FIATBETT A 46 o T =M AR B T B 20 45 i 2
fov , A A2 S0 55 0 B BRE AR 235 5 9 7 =00 A e



SRS, A - ST AR U  SRBRIERD) OBt ) 11

KA T4, 4lifk )5 FIH GC-PDHID X fi
IR AT AR XA B A 28 AT T 53
M, 595 F 2 8. ik 8 Wl 4, &t alifbasalifl
Ja AR A VR VR R R A R e
SRR TR EE A B 2/NT 0.01 wmol / mol, T
il 1 2S5 B 4% B A SR ) B it (R 10
p mol / mol, 4% 5 i 43 7 & T 5 | 1) 2 (E AR AL AN i
it 0.1%, B Ak 25 B ROCR AR 8 47, T AS % 18

B U AR A7 RS RO

R ALEBRBRSESMERBRSREE
P s 4/ (pmol - mol™)
iz 0.01
) 0.005
=) 0.005
A 0.01
— S kA 0.01
Ak 0.01
ke 0.01
i 0.01
7K 0.2
3 4iE

FH AFT IR Sl A X B R AT T lifk,
SRR EIESIRS T oA 7 M2 &
Ik TR SUARARER) 5T, IR H] GC—PDHID X /¥
K SIS SR R Al S AR B B R kA T
TR E B, 9D TR R AR DG AR BN AR
YIBEE RS2 . WHRI AR EY) BT G A SR
FEPEIEER XA IEY) BN 2 BE AT TP, il i
AR BT EEMER T R

5 & Xk
(1] 4/NE T, %78, % ADS AR T 10 MeV IE#EEA

[2]

[9]
[10]

[11]

[12]

[13]

[14]

[15]

[16]
[17]

SRS VT[T ] SR SRR, 2015,27(11): 249.
T AeHE AR K AR, AR T R A IR AR R [T ).
IR 55,2013 (8): 9.
SRS MR, g8, 45 SR MR A S [ IE
ARSI ] R YRS, 2001, 18(1): 50.
TET, A 205,55 S A A TSR S A [T ]
MR 28 THE,2007,16(1): 50.
RN ARFS B, EERF SR [T ] iR T
T, 2007,23(2): 22.
Tk, 2R A () RAT R SR A [T ). AR
HAREBE4R,2006,17(5): 64.
RBUE, B, AR R A R B A S K
JEACAE AT [T ). PELHT, 2013,46(4): 215.
T, el R . TR AR BET T ] GRS,
2013,41(8): 83.
GB/T 4844—2011 &% el Mstizi[s |
GB/T 5274.1—2018 SMESHiHEHIR G SR MEI& 5
— 5y R RS — IR A SIRLS .
SKICH, el s B, AR s e R SRR A R
WEEI LT ] A2, 2018 ,27(2): 1.
IMVEVERUEL, T4, 45 AR BE AU — UL B SR SR e T i
fil g [ 7], A2, 2017, 26 (6): 11.
BRI, 35 R, 4% 2% R e FR 2 P B A s 4
MR JEHL T [T ], TR, 2007(6): 36.
FARSE, SRR ma P A SR B IR [T ] R
,2018,39(6): 908.
JIF 1343—2012  HRyfy e (e 03 S U S e t24 BB [ S .
JIF 1344—2012  SARBREY TR (A=) 3l FHEORZER [ S .
WARWI, BRSO | T RIS RR B AN
BEVEE [T ] Ak a4, 2010, 19(1): 11.
JIF 1135—2005  AL~#50 Hrill s AN e BE e [ S 1.
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Gy KB L HRAY R A AR AR ek A
ay s EEAIULEY S EAICEY & RN ARMERRE . IkAk, VOCs FE RIS YR TE

BALGIE S ERMEA VRS DA, B B T B AR, LR R A F

m R M i R fEeT — | e ENE
INMETZS A 11 FERY

MR, HE, B, B, FEN, &5, EE=

(IR G r A ST W oL T 250102 )

HE FREARM/ AR BN - AMEEENTRETAT I ARRDG TE, RAEFREERERSR
7 4,,1.0 mL —#Abs ZEBEAT 50 min, 272 4 0.5 mL /min, 2 HP-Tnnowax % £.28 % &4%4£( 30 m X 0.53 mm, 1.00
wm) &G, A EKEETFEN B A ESEN T, SRR A 10 L oF, 11 A3K R0 R 2R 0.002~
500 mg/m’ SEE AL & ikE @K R A BRI, AE RH KT 0.9990, 4 H R 4 0.002 mg/m’, 3 EK
FH 87.1%~106.6%, M 7 45 R FSTAR AR £ 39 A 1.3%~8.6% (n=6), ZFHiExMAT AR LR TR, —KEH S
Ko ERTIREEE P 11 FEAhegm 2,

4R BRI R AT K A ARGk

FESES: 0657 XHERFRIAED: A X EHS: 1008-6145(2021)07—-0012—05

Determination of 11 benzene series in ambient air by activated charcoal adsorption / carbon disulfide
desorption—gas chromatography
Du Mingyue, Lin Yong, Ge Xuan, Guo Long, Li Xiaofan, Huang Yan, Fan Guolan

(Jinan Eco-Environment Monitoring Center of Shandong Province, Jinan 250102, China)

Abstract A method was eatablished for the determination of 11 benzene series in ambient air by activated charcoal
adsorption / carbon disulfide desorption—gas chromatograpy. Ambient air was collected by activated charcoal adsorption
and extracted by 1.0 mL carbon disulfide for 50 min, separated by the HP-Innowax capillary column (30 m x 0.53 mm,
1.00 . m) with the column flow rate was 0.5 mL / min, and analyzed by gas chromatography with hydrogen flame
ionization detector. When the sampling volume was 10 L, the 11 benzene series had good linear relationship with their
chromatographic peak area in the range of 0.002—5.00 mg/m’, the correlation coefficients of the quantitative method were
more than 0.999 0, the detection limits were 0.002 mg/m’. The average of recoveries were in the range of 87.1%-106.6%
and the relative standard deviations were 1.3%-8.6%(n=6). The method is simplified the sampling operation and test
procedure with the advtantage of multiple detemination and one sampling at one time, it is suitable for the determination of
11 benzene series in ambient air.

Keywords activated charcoal adsorption; carbon disulfide desorption; benzene analogies; gas chromatograpy

HRIEAHI(VOCs ) —ARSTISUMIR AL i R R YA L B A 3 DL Bom

FAU L S AR IR R G I RGP E AR R

E&WE FEiRH RS RALI(201807008 )
WIEEE A WA, TREN, N IREE2s S s & M L B W I 0 5T
KWimEE  2021-04-20

SR HWIA MRS, B, 2 IR/ BRARRAEAT — SO @RI SR P 1 RO RY [T ] s i, 2021,30(7): 12.

Du Mingyue, Lin Yong, Ge Xuan, et al. Determination of 11 benzene series in ambient air by activated charcoal adsorption / carbon disulfide

desorption—gas chromatography [ J |. Chemical Analysis and Meterage ,2021,30(7): 12.
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(14 5 Ak 25 A0 25 D e — R AU S e e A O,
KR AT )@ T o5 IR0 LA LY, A 4G
AR HIR LR S TR ] T HOR R OR 4B
2K 1,3,5- =W KM .1,2,3- =HZEAL,2,
4- = RSN BORM A WITERE LA WL
b BARFRU B R, 2y 6 PR I D RE = A B K fE
AT R R, R RO S ST RO,
I, R BRI 23 A R R W R s e T

H bR i LR R P S G el &
R IR OOR RO ] ZHOR OR G, 2019
FINAREESET 51 ARA TG B BRI
KATCHE AV HE bR 58 7 35 HAth AT
) (DB 37/2801.7—2019) " ehl sz 7) 5t
Wi 5 = 2R vk B BRAE, (H (R S SR R
N5 [ AA W B/ B8 B — A (23 7 ) (HY 583—
2010) ) CERBEZS SIE R MBI TR/
WRALBR AT — UM 0353 ) (HI 584—2010) /44
AR = IR W g7 vk (AR B 2 SAE R A L
VA0 R oA R — AR RFE / A €83 — TS )
(HJ 644—2013 ) "7 BRI 2 S5 R MEA DL Y
) BER R 3 — R VE ) (HD 759—2015)1 ™
AU AL 1,3,5- = HORANL,2,4- =HOR R
WE 1,2,3- IR W B ik

HHr, R S R 2 BRI A sl %
FEELHERFERUA 3l 1R A . Frb gl I RAE A
HH P TR 2E KR 43—~ 37 1300k 1) Wz B 791 2 ok, R ke
TR AR R, M 2% HHEEREEE R
BURMS ST AR AR LR RiF
A R T BRA OIS R O A A
B I VR SR R b DRAF 52 ) H 8 R B
B S A R A, PR M T k3 i e B e
EHORE S . B A S T RESRARE S A T
T e B 2SS0 57 R A RTIRY) , BARZ ik
ot BRARG . I se % vy, AER I 3 e S e ANy
A B 5, AN R 5 43 30 1 SRR 2 4k
FE S B R AR AR R Lo R L 1% A R I 59 A
T 5 AN Tenax , {H /2 Tenax #4655 0t B2 11K,
L B4 B S AR e B, W A %) s AR AT
Y RANRE G0 A8 5 %

T SR B Ly e o A SN T E K e
B ARG I P 4 A AT A, 7 Bk sy
T AR A B — A € 1Sk o B v D R o, AR
ARG e (R IR e, P22 R

L2 Sy T PR — ORI A B 2 1
SRR R 2O T i, HEE—Ik
PEIEAE XA S0 BE (AR 5, T B AT 2 UCRFE
R T 4 ol FH )15 8 B HOR AU B Bt A AN

T 2k BN (] SR A 5 3 i A 3 3 1R A ik
SUEEHENT T BERRTE R WA BN 1R AR -
ATt 85 70 A AT 0B £ 15 1 00 PRI 25 A LI
11 FORRY), AFE AR R 8 6 2R [l —
KRNI AR THOE 1,3,5- =HIK KO 1,2,
3- IR 1,2,4- =H2E, ANUEANT H TR
FE R LAY 11 Ao R P lS Je i s 1, i H
SR IS PR R A SRR R, A (R, A AP AE A fef
FHAF R X5 Y RAEGE S 3E . —mifbmnfi
B b 2 SR TT AL B vk, S PR R R PRAIG, WT LA
S UCRHE (2RI K RA R R =
PEGF REMERR A MR B E IR A0 1
PR Z I A .

1 SLIES
1.1 EZEAE5EA

S A TEAYL : Agilent 7890B %, it A KM B 1
eI 25 (FID ), “ZHEfe R (D) A RAF] .

L 4 45 £ HP-Innowax %!,30 m x 0.53 mm,
1.00 pm, ZHEREHE(HE) ABRA .

ASARAE RS BET 2020 U T 5 U85 1 IR EE R
AR

TEPERAY : 6 mm x 80 mm, 100 /50 mg, L5155
PRFTRH K A FRFTAE A F

KA SPH-300 1Y, b 5T o B3 2 B 4%
ARWFFEIT

4 [ Bh 28 KPR SPB-3 Y, b 5t b B A0 B 4
ARIFFET

B Ak ke 53 4l 72 [F CNW Technologies
GmbH,

ZEiAbEk 7 MR R YR SR UEY L SR
IR % W K A 2R AR IR DR,
%7 GBW(E) 082621a, #it5 7 A1910126, 454157
WEEY S 100 mg / L, bt 5 S5 A BHE A FRA A

T AR R T R R R AR R 1,2,
3- =W miAb T 1,2,4- =W AR
H1,3,5- = B R AR HE W BT 1000 mg /L, Ji
) CDHW-GBW(E) 082849¢ . CDHW-BWO0837 .
CDHW-BW0838. CDHW-BWO0839, dt. 5t #F 2 1 5%
PREY AT BR A A
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12 H&HRE

TERFEB Y, FT IR UG M e RAEAS , 5 28 ORHE
BPER I ERE, VL 0.50 L/ min FIFEREE 10 L
TRRE S ISR AR I i R ) CRAERT ]I
Hiwi, SRFESEER G U SR, 57 RV R DU SR &M
a5, B ARAT
1.3 Hagara s

PR PR A B B B B 2 mL () HL %€
e AAMRE A IA 1.00 mL —Fifbik, 55
SZE)S , IRl R T f#HT 50 min 5, BRI .
1.4 BBIAEEH

PERE RLEE < 250 °C5 M : 0.5 mL / min ; i
FETT 20 R HEAE s /b 12 10 5 FID A& 25 i
JF.250 °C; A5 JiE: 40 mL / min ; &85 400
mL /min ; B FE: 3 mL/min ; £55: 30 C{F
£F 5 min, L 5 °C /min F+% 50 °C, Lk 10 C /min
F2 100 °C, P&%F 5 min 5 AR 1.0 p L.

1.5 ik agH &

U100 wL 9 —mifbiih 7 Mok RUNR A bR ifE
Y, Al S RS WY T Ak
1,2,3- —H AR HEY) T —fifbtt 1,2,4- = H
FAREYI R mAki s 1,3, 5- =W AR R4S
10 w L, FiEZ 1.00 mL B9 Bt , Bl il s s i
W R 8.77 mg /L 11 11 FIR RYITRAARHER L
2 #BR5H
2.1 FEMTIRARARE AL

ST 1.2.3.4.5 mL A [E AT IR AR
e 5 A e, 45 R0 AT AR RN 2R R 1)
e FEATCRE M o HE: , B T IR AR B 34 i, —
77 T 3 R TR AY TR B MRS V5 G, 59— 7 T % TG
B B RE s A H IR PRI, e 2 P i
il AT A 1 mL.

2.2 FRATEF A 69484
A% 52T 10,30.50.60,90 120 min A [7] f#

I B (B X5 0 5 R s . 25 SRR, Bt AT B
B A HE K, 0052 0 11 RS R 2 Tk, Y
FEATT B 6] KT 50 min B, 05 () 11 Fp 2K R )0k
PREFRRE . R, SR BB AT )24 50 min,
23 EmEAkFHMmA

UL B 414 3% A 4 DB-1, DB-5, DB-
624, HP-Innowax i, FHit DB-1 BUJE IR M A%
DR O St K= R N R Tl 4 B s [ o 2T I A )
PR ELA W) ; DB-5 BUE S5 M PEAR R 2R 1 B an s
A, G Ttk e D5 R G A PLE
R 255G W) ; DB-624 R rp 2B R M) B AT (4
AT, 38 T o B4 R A PL 4 43 5 HP-Innowax
AUE SRR PERY B A0S ST S T 5
ARG

ZET iR 4 PR EIEHEXT 11 FORRY)
[ B RCR o G5 T 1L MR R R i 2K
XF R ) O 2R AR R R M R Tk
I IPIZE 3 BT, SR FHEER Y DB-1 YRR MY
DB-5 i Hr 4 M) DB—624 (A 154 I Se i H
R 53 B X (58 4203 5, s AR P ) HP—Innowax
AUEEAERESC N 11 FOR R YR58 2008, BRI,
PR HP-Innowax I B0 (0354
2.4 ARRFTEEHMHA

FE L 2 18 /N 23 5% Wi 45 4143 2Z 1] 1) 4 15 54
B, o xR B 0.5.1.0.1.5.2.0.3.0.4.0.5.0
mL /min #1755, KL R LN, MR E KT
1.0 mL /min B, S5 PR FNE] RN BESE 200
MR KT 1.5 mL/min I, 228 6 H 2R 4R
THZERRESE A YA N 0.5 mL / min B,
11 AR R YA RESE L R A7 19 40 B, HL @ik i e
ASEEXERR , 10 L AT LAGRE G R Ak B i 75 G R A 1
Yoo HIL, AR EN 0.5 mL/min. 1EHFEM
AT, SR RE R, 2K R W bR R 5 03 K]
UL 1.

i1

6 8

8
345 67
9
10
11
2 14 16 18

t/ min

E3I W1t 7 = SR R
1=K 2—HIOE; 3—20K; 4—XF 2R, S—RIZTHIE, 6—FIR; 7—4 2 H%;
8—1,3,5- =H2; 9—KM; 10—1,2,3- =F%; 11—1,2,4- =F %
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2.5 L AEfeis Bk

43 HIEL 10,20.,40.50.60.80.100 wL (1) 11 Fh e
RYNEATREY T 2 WA BE 2 1.00 mL () —#ifk
e v, T ) o o v BE K IK hy 0.086 8.,0.172.,0.337
0.418.0.496.0.650.0.797 mg / L {7 ZWITR-AFRfE
R, TE LANES TSR b, LIRRY) o
WP MR AR R , (I T BN AR , 22l A i 4L

HR A C R B W 20 B 7 AR RS TT H R &
M) (HI 168—2010 ) FYZER R 2P Bl N A ARk
JE R ELEVERE 7 UK, PR USSR T AE L 3T
BT UOPATIN A bR E R 2 s, LA 3 fsbrifE w2231
A B, DL 4 ARG H BRAE il B, 11 F
KRNI LENT IR Stk R A R B K PR
ER RS TE 1. MR 1A, 1 R R Y8 R
R EETE 0.002~5.00 mg/m’ JH N -5 (03504 i 1
LR AR R, A OE R B KT 0.999 0, K5 H B
41 0.002 mg /m’*, & FR5H 0.008 mg/m’,

F1 WERMMSHSTE LAY

My Ly FHIEFREL
R Y=16.4X-0.378 0.999 1
P S Y=16.4X-0.354 0.999 1
Vv 3 Y=19.3X-0.037 0.9998
of Y=19.4X-0.038 0.999 4
i) — 2 ¥=20.7X+0.108 0.999 5
SER Y=19.3X-0.368 0.9992
A — I Y=18.4X+0.116 0.9997
1,3,5- =HIZ Y=13.7X-0.389 0.9990
ENR Y=20.6X-0.064 0.9995
1,2,3- =K Y=17.1X-0.087 0.999 1
1,2,4- =HIZ Y=17.0X-0.111 0.9997

2.6 mAREIMCE A E BRI
Fie L RAUES S5 A3 5628 RS EA TR o
3 AU PE B IAR RIS, S E 6 U, A B
FRIFSCER 058 25 A AR R IR 229 T3 2~ % 4.
x2 1 MHERYHIMRERRAEE EIRGER
(fnFRE4 0.06 mg/m’)

%5/ SEEEE / (mg - m”®)  [FICR /% RSD/%
FS 0.0574 95.7 8.6
LN 0.060 1 100.0 5.9
LR 0.0583 97.1 5.8
Yo I 0.0585 97.4 5.6
7] — 2 0.0584 97.4 53
LGS 0.0574 95.7 6.0
A8 R 0.0581 96.9 6.1
1,3,5- =HZR 0.0579 96.5 6.1
L 0.0583 97.1 6.3
1,2,3- =% 0.0523 87.1 6.0
1,2,4- =HIZ 0.0537 89.5 5.0

F3 1 FERYHMAREIR R AEE BRI SR
(fn#RE 0.50 mg/m”*)

LEY A EE / (mg - m”)  EIR /% RSD/%
FS 0.522 104.3 48
P 0.517 103.3 48
K 0.517 103.3 3.8
X} TR 0.512 102.3 3.4
[) R 0.490 98.0 52
SR 0.498 99.7 4.6
B HOR 0.493 98.7 4.7
1,3,5- =% 0.452 90.3 32
M 0.485 97.0 38
1,2,3- =% 0.468 93.7 5.8
1,2,4- =K 0.463 92.7 3.8

F4 N HEZRDPMREREBZERRER
(fn#RE A 4.50 mg/m’*)

%L/ SEHJENE / (mg - mY) IR /% RSD/%
ES 431 95.8 13
R 4.74 105.4 3.1
Vav 3 4.74 105.4 2.8
X IR 4.77 106.6 22
Jf] 2 4.68 103.9 1.9
LS 4.46 99.0 32
R HIZK 4.55 101.2 3.3
1,3,5- =HIZR 4.25 94.4 3.2
LI 4.48 99.6 32
1,2,3- =HZR 4.17 92.7 2.7
1,2,4- =HIZE 4.19 93.1 3.0

HH & 2~ & 4 0] AL, i br []iE o 87.1% ~
106.6% , I 7 235 S A X 1 O 22 A 1.3% ~8.6%.
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3 i

K TR AW 5/ B A i B — SOAH
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PR AT () B A A A A AR TR X R
SRR RPN E s 800 T B b &k, %
7 RFER NG, s I T AR
VAR A A S5 9%  EEE S BAE , AT LIRSS 25 S,
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B RERSBFIE SR BRI - BERIEE

NERAF mP 4 FREZTR B

P, A
(TR PR X Ty il oty FLPG 400010 )

HE 2 IR FEER B AR L SH 5 0RA % — B IR E RN 1R &P o) 4 F B- ZARIEF)
FEBHEG ., ARG H R EHSFIA 15mL 0.2 mol /L # LB — LEANE P& (pH 5.2).100 wL f- ] &4
BEBR AR KB / 25 AR AR B Ae 30 WL 1.0 wg/mL 694 4 #F B A& RlL F AR IR RA RAFER, T(3711)C
E %8 163 h, T 4 °C¥A 12000 r/min 8-S 10 min, B F & 5 5 2 8 5 F 2 3% B A8 32 B e 5 45 - R R 4
WAL G, H Welch Xtimate C,q % &3 5 5 45, A T B2 A0 0.1% F B KSR A A ARBATH L L, R 28 5
AN ETE — BB EEN T, AR EARFRERRET S, 40 4- TREIF AR EBRELE 0.5~50 pg/L
SRR NEERIF, ML RIGIR T 0997, 45 R4 0.1 weg/kg, VAT GRS A KR #EAT AR eDBGR B, Ae AR Bk 5§
A 79.8% ~95.6% , M E L& R AT AR EAR E A 2.47%~9.50% (n=6), & FH FER T HH &P 4 p- SRR A
REHEGHNE,

KB SRR SR ERE, BSECRAMEE - SRk ik WE; B R A

PESYES: 0657.7 XERARIRED: A MEHS: 1008-6145(2021)07-0017-06

Determination of 4 agonist residues in meat by lipid-specific matrix dispersed purification combined with

ultra performance liquid chromatography tandem mass spectrometry

Hu Xueying, Xue Feng
(The Yuzhong District Center for Disease Control and Prevention, Chongging 400010, China)

Abstract A method for the determination of 4 agonist residues in meat was established by lipid-specific
matrix dispersed purification combined with ultra performance liquid chromatography tandem mass spectrometry.
The homogenized meat samples were added with 15 mL 0.2 mol / L sodium acetate buffer solution (pH 5.2), 100 pL
p-glucuronidase and 30 L 1.0 p g/ mL mixed internal standard solution containing 4 isotopic labeling target compounds,
shaked with enzyme hydrolysis at 37 °C for 16.3 h, centrifuged at 12000 r/min for 10 min at 4 °C . The supernatant was
purified by mixed-mode, strong cation-exchange, reversed-phase, water-wettable polymer(MCX) and enhanced matrix
removal(EMR)-Lipid QuEChERS respectively, and determined on a welch Xtimate C,; column by ultra performance liquid
chromatography tandem mass spectrometry (UPLC-MS / MS) with a gradient elution program of methanol and 0.1%
formic acid. The isotope internal standard curves were applied for the quantification. The mass concentration of 4 agonist
residues had a good linear relationship with the chromatographic peak area in the range of ranges 0.5-50 w g/ L with the
correlation coefficient more than 0.997, and the detection limit was 0.1 w g/ kg. The recovery rate was 79.8%-95.6%, and
the relative standard deviation was 2.47%-9.50% (n=6). The method is suitable for the determination of 4 agonists in meat
products.

Keywords lipid-specific matrix dispersion; ultra performance liquid chromatography tandem mass spectrometry;

meat; f-agonist
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Hu Xueying, Xue Feng. Determination of 4 agonist residues in meat by lipid-specific matrix dispersed purification combined with ultra

performance liquid chromatography tandem mass spectrometry[ J ]. Chemical Analysis and Meterage,2021,30(7): 17.
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B- SZ RIS (5 B 8 ARG ), W8 B2
AR B MRS N, FLRERS e ik sh My A 1
DUBR PR AR B 20 , 354 s iRk sl ) e el
Ak () R R AR AT A 25
YRAEE, S ECN AL AN B FHPE PAORS (4 B G 3k A7
TEo 5 & S B e S R P i B R & A,
IFLABR B )7 XIEA N LB ARG . R
AR AZRS, 2 Bk 2 RO T O
R L 2O R A5, BE B R R AL T, R R
P LS T OGHIR B PR A FRR IR BLRE TS5 R B A
WRSEH . Bih RGP AR5 55 bR
b, bt e e G — IR R A S T AR (R
117 20 ) 5 i 1 25 25 W) 5k B A 4 T R S T Y A
B O A 2 e IR E A & AT Y 193 5
NEPHIEIE T s e e s AR - AR
WEhHIZ25).

FURT, B- s A5k B BoAesi 75 vk 22 %
HEEE ST AR A TR L ROtk
J& T PG T vk, R A BT 5, A, (R S 22
FRAPUZHAR, F AT SR 2 DS T B i 77 1% 5
ORI I E T AT RE AL AT LR AR AL BE, R AT
BRI AR S H AR BUE R, (URE
SEOR I (R R AT RE MR E 14047 55 5 BT v o
I oo HO ) B Ay s et o0 A, LR Sk A R A
FERET SRR — Btk T PR 5k
I 5E , 5 B ol < A AT L, RS A T 2
e, (BT 5 B AR i A TR A AL RO o WBROAH (3 —
JFi(LC-MS /MS ) -2V I L SR U 4 B v
b HARAE A JCRe TR S S S5, oA 55 2 5%
BRI B T T i

PR S EL fh E5 24 ik B 1% N0 1 1 T
PRI (1) B 24 SO Bk A Sl A N 2 e A= A I
IO, AR i — ZR A4y, T 2R 2GR SR 1R
BAPE;(2) Sh A 201 K IE P 35 A R Y 8 1 IR
ARG BT, EATER & 845 S, JUHOE R A S5k
VELTTNR 07 2 (447, (oA A0 il 2 Jore S0 7 4 i 5 BV
3 3o P s 2 A R i 2 e i T
R, U2 R0 7 45 2R B R f P R R S AR AR
SN, B2 S O AAG T BRICIE IR B R E 20K

PRIt 3 57 e A8 DR ) TR I i v R 2R IR
RBRATAL BTV J2 A AR R DN R R i A B TR
FIUR, YIS il o AR 5 B A0 A iy Ak B 3k 32

TR . EARAEHL( SPE ) 1010 S L G B T 3 8
[ FH A% B QUEChERS ) *'7" i, J % 4 1 ff o phe
FE M, OV B AR OK AR
A FRAN TR A, (HSE X T AR T 7, HE S
L RE 1A R A TCTE A SRR AL R, HLAE R
AT R IR A & S 8O TR TS R 5
KA YRNIEZE , R, (R R A o e S P e o A4
RCAN G 35 ARG ), A i PR I 2 ) A R0&
Bz —. A SCHRRGE , $508 oTRr 5P 0 B A4k
Tk i R A PR 2 U B
TER YL T v 2 P R T 2 AR 25 5% B Y
HE 2 9 R A BLAE e MG 2k P PR AR TR
1 B- SRS AR B ARSI A AR SCHRGE . 28 R
g e PE ff EMR-Lipid QUEChER i, £ 5 i
SO — FRIBET S ( UPLC-MS / MS ), #E37 A
K 425 p- ZIRB SR kA ik, E S
EATRA BHE P MCX) FFIAEBGE AT HE,
ZEAEHT R S EMR—Lipid QuEChER J7 ¥k
i T A AT R0 2 5% PR 2SR it B A TR I A 4, AT
JERRON , SR, BERSH L H A TAERR R .
1 ZIHES
1.1 EZEME LA

T RO A 8 3% — FRIE BT 1Y - Dionex UltiMate
3000/ AB Sciex 3200 Qtrap I, 26 [& i 1 4= ) & 4
VNI

4 1 3 A A U GX-274 1Y, 25 [ T R A
Nl

PH = B JR 40 . ZWY—100H &, |58 384y
B il A BR A ]

T TR A VR B L Avanti—26XP 1Y, 35 [ Il T
2 JEIRFRA A

HLF K- BL310 A, J& (M 0.01 g, 7 [ %%
Z R

Hi, 7 KF: XSR204 / AC &, J&AR{H M 0.1 mg,
MpR) — FER 2 EBRA BRA A

A WAL : N-EVAP #Y, Z£[F Organomation /A FJ

WABEIR AL : VORTEX 3 %, 35K ()M AL 2%
WA AT,

MR RIS I B 23H SPE 45 : Bond Elut EMR—
Lipid Y, & L HERRHE A A

B- BRI R 1 K / 55 SL R IR N5 Wl - 205 0
99% , T [ #R ve A 7 o
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JEIRUENE: 0.22 pom, FEEBRTEAH .

PR PR - i alr, 56 FE R IR G I AR BHEA FR
Al

LR — CTRENGE M W L9 2E,0.2 mol /L,

UK st S EPEER CHRBHA RA AL

Sz FIZK B 2tk FBH AR KT 18 MQ - em,
i Mili-Q 4k RGaifb il i

4 B B- Z ARG B AR HE S LR I [R)A3 25 Y

pH 5.2, EE A& I A F] PRbRIfE T FEASE B IR 1.
R 147 p- BUEEHFIRRAE R R X B B0 E AARARE &
Frifi i £ Bk it W /(mg - L) 4l / % FA 7R R
AT AR CDAA-S-590004-JA 100 - 1.0 mL R SRR A
VBTN CDAA-S-590004-AA 100 - 1.0 mIL SRR A )
v 2 1k CDAA-S-570008S-AA 100 - 12mL RS R A
SARREL CDAA-S-590005S-AA 100 - 1.0 mL SR R A R
D, FRAf Al Ak CDDM-T109752 - 99.6 10.0 mg JEE K TRC 23 ]
De- 3 i 2 B CDDM-R071402 - 99.7 10.0 mg fingE K TRC 22
D,- EhR v AR 2 CDAA-590005SD9 - 99.6 10.0 mg LSRR e A
Ds- Vb T i CDFI-NMIAD939 - 99.7 1.0 mg e [ UM L F R I %

1.2 i B

—GARABARER L : 43 BB 4 Fp B- ZIRF S
FRAESAS 100 wL T 10 mL &5, FH 50% HI
BB ER, 8 —ZUR AR, 4 FP - %
IR TR B 1.0 pg/mL.

TR A PR T T I R — SR A bR
VS 100 wL, FH 50% HEERRBE 2 1 mL, 53] 9%
IR GIRAER I, 4 T B- 2RSS 0 BT it vk B 4R
100 ng/mL.

ARAE A 23 S 1 mL 50% HY s # 1.00
mg De- SE 72 P . 1.00 mg Dy- 0T FEZEEFT 1.00 mg
D9- ¢ A7 Al bk, 15 21 57 2 4k B 3 4 1.00 mg / mL (1)
D6- 3T, Dy- VT HEEE | Dy FEAR AR Y5
& H 2.13 mL 50% HEEV AR 2.40 mg D,- Eh1R
TEARES BOH A R B 1.00 mg / mL Y De- #1
TR SRS WA R IR . b, Dy- EhR i R FE P 1Y
JERHRE LA Dy- SRS B RN 88.8%.

TR AR : 40 I HR 4 b [R)057 28 P9 b i 2%
W45 10 WL T 10 mL 255, H 50% H s
PR 2% A5 5] 4 FhIE 2 IPRIR G W, itk
R 1.0 pg/mL,

PIbR R BRI TAEVS U - 53 0 HER I B — IR
EFRUEAI 5.10.20.50 wL, AN —ZOR-SIRIER
W 10.30.50 wL, 53500 A 30 wL WARIEA R H
W, AR ZE 1 mL, RS, 4 Fiib & Wks
HE RN WA FEAR Y A £ 0.5.1.0.2.0.,5.0.10.30.50
ng/mL ;4 FiNFRICAPIHE YN 30.0 ng / mL.
13 MEIHEEH
13.1 &E 5%

{63541 . Welch Xtimate C,g U4 [ 100 mm x 2.1

mm,3 pm, HJERHE (R ) B AR AR | HER
40 °C; WiHt:300 wL/min ; FFREEFL 10 pL ;%
S A KA 0.1% R, B AH Sk L, o 5 o A A
JFHF# 2.

*2 HERBER

]/ min _ EEEL % ]
0.1% g PR
0.0 95 5
3.0 85 15
6.0 20 80
8.0 20 80
8.1 95 5
13.0 95 5

132 Juig &t

ML 72 EST 5 Wi%5 L : 5000 V5 B 1R
. 500 °C; 546 (Gas 1) Jiit: 50 mL /min ; i Bf
HHAS (Gas 2) it : 50 mL/min ; S5 S : 25
mL/min ; Wi : 6 mL/min ; WML, £
SN WA (MRM) .
1.4 Houaraz
141 F &R

PRI S g CH§AA3] 0.01 g ) BYBERORE S T 50 mL
B LM 30 wL 1.0 w g/ mL FIES NFRN
W, P 15 mL 0.2 mol /L pH 5.2 Z 1% — Z. 24
GEPRI, BIFAR 21K B 100 w L B- #i B
P 2 11 KT / 5 SRR TR R, T(37 1) CREV
it 9, SR )5 F 4 °CLL 12000 r/min &5.0> 10 min,
iR RS R A
142 F&HE

(1) A Y5 PH 25 38 ¥ R AH I B ( MCX)
AP, B Oasis MCX AU [ 40 28 BUNE [ (150
mg) /3 mL, 3 E R FFE 2 7 ], 248 40 mmol /L HCI
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KRG BV WA L AE 435 H 5 mL /K
RV, 7 6 mL 5% 2K — W4y 3 Rk
B, B 2 mL., A IFVEMI, 2R AR T A, HH
i —0.1% HPR(5:95) 4% 1.0 mL, J 022 pm
TERELE , R UPLC-MS / MS 115

(2) B35 A8 i % % (EMR-Lipid QuEChERS)
. LW % EMR-Lipid d-SPE 457, 4R )5 hin
NSRBI, 57 BRI BE TR A F AR i 20 B, TR e
60 s Jii L 5000 r/min 5.0> 3 min, B HL 5 mL 3%
WESH2 g3 (FMSmmRETR RN 1:4)
f) 15 mL EMR-Lipid Polish % 7, Jii¢ it /& & 1 min
J&, A 5000 r/ min %0 3 min , EERARASIRKT
Je P EE-0.1% FER(5: 95 JEAZE 1.0 mL, /1 0.22
wm JEAELYE , R H UPLC-MS / MS %€ . 4 Ff B-
Z AR S R bR o g DL R 1, LR 2R P bR b
g LA 2,

2 3

A i

T T T T T |
1.5 2.5 3.5 4.5 5.5 6.5
t/ min

I—FEffAR; 22—V T e 3—3kni 2 U, 4—sifehe®
B 1 4Fp p- 2R sRbrE R
4

T T T T T 1

1.5 2.5 3.5 4.5 55 6.5
t / min

1—Dy- FEAT AR 2—Dy- V0 TR
3—Dg- KL 4—Dy- FEARRFS
P2 4R - 2R R0 R AR bR s
2 FR5iE
2.1 4FF - RESH A S B R N G FETG XA
i NS IR IN, 23 G ik — R 5 A S
ZJE ARSI, B bt A il— 2R A A i
T2 3k 5 A 22 S DA SAE AL A ), A Qg

&5, b 2 5250 LG BRI AL 2 3 B
AL AE JHEE B LA WU A A9 i i A
HNEE SRR T IE AL A 2L 20 4 Fb B- 2 KB 5
PRI, BFSY 4 Rk & P07E LR s 2irb
fEEIE,

FREL 5.0 g HrEEsE A ARG 25 W0y, 1 B S 50 4
FUGT R, FEAL S 0 RRE IFARE S 45 1 005 30 1
mL 50 ng/ mL Y N ARbRE M £E R 505,37 ClE
MEESR 24 h, SRS BRI B- H A
iR JK T /77 J2 Gl i P T , ) R 4 ) 52 4 e R 10401
PRE R TERAE , 3G R UG T A R A AR R 1.4.2
(1) B TRE g JE e . S5, 4 ML s
YAEAE LR R RE WP LA & P R A EAE
22 B ATk B SR

W — B A VA TR A A bR I, FH R 55 1A
FURA 8 5128 Bz 7 =8, XT Al ik & 9 i
BEES R 85 T UEA T 85, IR B A SR A L o i R
LB MifE L R ( CE ) AR R (DP ) A HHL R
( EP FIREE I H 71 S ( CXP), A Ab 45 551 T35 3.

R34 p- BEMEFREX R AR R SENE T RS Y
tan 55 5D
T
148.2°  20.79 241 21.88 3.58
222.1 2482  2.15 14.19 4.04
164.1° 2529  4.00 20.18 2.50

KA Z T 3022 2843 2563 401 1886  3.58

203.1° 2386 4.11 2000 2.35
259.1 2342 3.02 17.09 285
1529 21.84 3.53  23.05 2226
171.0  23.61 261 1501 14.30
151.17 2320 299 2497  5.09
2252 2080 176 1413 277
167.2° 2529 400 20.18  2.50
2873 2563 401 1886  3.58
2042° 2058 343 2235 225
268.1 2024 377 1477 226

DP/v EP/v CE/v CXP/v

Vb T e 240.3

TSRS 277.1
Do- Fefiflitk  235.0
D;- VTS 243.3

De- SEmZEfE  305.0

Dy SFEE 286.2

W AR RET.
23 WAk

S SURE b AT 43 M IS, R R o R A7 AE 2
T3 oMl R afa e i FE RN . s B B i
(5 FRBER(ERIE T = 6 ), L2 HEEL5H,
SCHER/D , EMR-Lipid QUEChERS H A4 i B4 51
W B SECREE i [ SRR 2L S REE T K
DB A TR T2 ) 5 BH RS A4 S PR . ASHF
LA 1.4.2 R A R BH B 28 48 S AR R B ( MCXO)
[ A K B 2 1], 5 EMR—Lipid QuEChERS #:iF



BIETER, S5 - IR BURe S A B3 1R IO o AR (3 — AR IR B o AV Rt o 4 e 245 R 21

7 Mo A, 3l o A [ 58 0 L PR 2 2RI ) 2 B i
T A b B, XA VR T — 5% ( MST ) 100~ 850
m/z BTGB N R, 45 R R, B C
ORI T RE L0.1% FF IR /K 5 TRORT P AR A it sl A
R G320 B A 25 v, i I ) AR B RE 0 ik, LA
T+ B TR) A2 300 sl A P LA H 310265 v %) B[] BB
(5~7 min ), 7EBLE[R]BE P, 48 MCX A B (AR
A s A s B, 5 MCX P A L, EMR-
Lipid QuEChERS %X 4 A LA B I i o 25 B
LT,
24 KMHFAELHBR

Ry TR D RN, (4 BE R, SR FH PN b
M TE B, L) 4 Fh p- Z IR 6
T T AR (o ) SRR AL AR, TR VR EE (v ) AR AR
AR v e, AR PR IS e S/ N=3 T35 5 B A
PR A ALAPZRPENERE A R A BRI T
T4, GEHFRM 4 FALA YR ERELE 0.5~50
ng/mL i BN MR RIF, MR KT
0.997, ki HiFR¥H 0.1 pwg/kgo

R4 AT p- BHEHEFLBMHRIET IR AL RY SR

featn b gy By
(hg-kg)
LERRILYAN y=0.0217x+0.00565  0.9978 0.1
T y=0.0325x+0.010 8 0.9997 0.1
S M y=0.0364x-0.0126  0.999 8 0.1
SRR y=0.0555x-0.0258  0.999 1 0.1

2.5 HEELmiFE KGRI

B8 2ok A 00 1% 25 11 T 5 o TR R IR o,
82 2.0.5.0.10.0 ng/kg 3 bR K-, B4 EE K
AT GE 6 U, 4% R 1.4.2 (2) HA Ak i S2 5 7
B AT 30, 1R B AR A G W B DI AR X A
#fEfw 22(RSD ), &5 % TR S MFEK 6. HERSH
6 TR, 4 Fl - 52 KUK 0 700 AE A A AP
i LR R 79.8% ~92.3% , I 5E &% 5L 1 A0 X b v
T 2% 2.95% ~9.50% ; 1€ 54 I ri (9 fin A ] i
A 81.5%~95.6%, M 7& 45 F 1 A XF A5 oE I 25 A
2.47%~8.05% . FWIZIT ik AT B o e 2 FIAG
SR H R A R
2.6 FEIRAERN T

W A< BiF 5% BT A 57 14 R T AR S PR R TR 43
( EMR-Lipid QuEChERS ) 1§tk 2% & i & ST A (2
T — HR BT X T 114 34 4 AL SRR (B0 4B HE A
W XS AR A S RIS B TINE , R IR
i AR RED T 22 EURE VDT R R A A AR

kA,
£5 4T f- SHMDALERARSPIFERRB SR

e Btk / ng Pl RSD /
N bt Wl A /% %

20 1.63,1.58,1.46,1.84,1.75,1.82 840  8.86
Fefiflbbk 5.0 4.35,4.68,5.14,4.03,4.67,4.83 923 8.34
10.0  8.35,8.06,8.77,9.06,9.54,8.68 874 597

20 1.46,1.56,1.68,1.54,1.62,1.71  79.8 5.85
WTHgE 50 4.36,3.93,4.51,4.54,4.37,4.41 87.1 5.06
10.0  9.05,9.14,8.69,9.33,8.84,8.67  89.5 2.95

20 1.64,1.53,1.58,1.73,1.81,1.77 83.8 6.62
50 3.86,4.35,4.85,4.34,4.81,4.43 88.8 8.18
10.0  8.32,7.35,7.69,8.81,9.05,9.11 84.0 8.77

20 153,1.65,1.77,1.82,1.68,1.73 848  6.00
TIEEEY 5.0 4.32,4.41,3.88,4.54,498,5.02  90.5 9.50
10.0  7.68,8.84,9.36,9.21,8.69,7.87  86.1 8.04

R 6 4 f- ZEEHBNFI LIRS BT & PR BRI 45 R

N JFit /ng SEHEY RSD /
&Y ——a T 2 7o o
i i 5 R/ % %o

20 143,1.78,1.66,1.54,1.75,1.62 815  8.05

FRffbAR 5.0 4.37,4.81,4.67,4.73,434,483 925 4.70
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BERATT AR RIT 4 FREEA GRS H, BEDNE FAL R &4, 2R BHEE , R RBF >N, KA
DB-624 A (30 m % 0.25 mm, 1.40 pm ) £.48% 4, 80K G & FALen B 2 5 AR 54 4 40 CHR4F 5 mm,,-&.&)é- L 10
°C /min F+ £ 100 °C, B A 20 °C /min 7+ £ 240 ‘CH4EH 2 min, R LW, AR T 65 W Sk B IR OB 2
WIE 4 F4E 0.17~3.57.0.077~3.09.0.13~5.50 wg/mL EEA A5 & A &) &85 @R & RAF, X 25K T 0.998,
MR A 0.031~0.11 pg/mL, #dmARE K E A 72.52%~119.67%, M 25 R ag A5 4R 1R £ A 0.10%~5.46%
(n=6), Z7kE R T— MR iR 5 G mimiEd 2 d 3 R0 M T4 TR e,

R — R AR B AR B T B W Arkvd; SROER; MM AME iR

FESES: 0657.7 XHERFRIRAD : A X EHE: 1008-6145(2021)07-0023-06

Bo Xiaowen, Liu Aijuan, Shen Yong, Meng Kai, Liu Ye
(Shandong Institute of Medical Device and Pharmaceutical Packaging Inspection,
NMPA Key Laboratory of Safety Evaluation for Biomaterials and Medical Devices,
Shandong Key Laboratory of Biological Evaluation for Medical Devices, Jinan 250101, China)

Abstract The migration of adhesives including methyl acrylate, tetrahydrofuran and cyclohexanone from disposal
infusion sets in the process of drug infusion was determined by headspace gas chromatography. Four representative clinical
drugs were selected, and the extraction solutions prepared by simulating clinical use were analyzed on a DB—624(30 m x 0.25
mm, 1.40 pm) with flame ionization detector(FID). Temperature programming was used, the initial oven temperature was
40 °C , maintained for 5 min, and raised to 100 °C at 10 °C /min, and then raised to 240 °C at 20 °C /min and maintained
for 2 min. The results showed that the linearity of methyl acrylate, tetrahydrofuran and cyclohexanone was good in the
range of 0.17-3.57, 0.077-3.09, 0.13-5.50 . g/ mL with their respective chromatographic peak areas, the linear correlation
coefficients were more than 0.998, respectively. The detection limits of the 3 adhesives were 0.031-0.11 p g/ mL with
relative standard deviation of 0.10%—5.46%(n=6) and recovery rate of standard addition of 72.52%—119.67%. The method is
suitable for simultaneous monitoring of 3 adhesives from disposal infusion sets during the process of drug infusion.

Keywords disposal infusion set; adhesive; methyl acrylate; tetrahydrofuran; cyclohexanone; headspace gas

chromatography
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Determination of the migration of adhesives from disposal infusion sets by headspace gas chromatography
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SR, e BE R R E e B 1 25000 wg/ g
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27— A R RS ARG PR T 25 2
PO CUERE A 25T, R, A I — ot i
T TSR AR OR300 B A B B X VR Y B
P AT B A 2 4 oA R S

H AT, 56 T4 B HH i 2R LR 5% B i i di i
B2 200 (EAT SRR RS v TR s R T T R vk
e P S B AT 9 A DA SCRRFRAE . e A, SCiikHh 2%
FK 2B el 2 0 g IR A B T
WA TR 5T . (HJE, i TR R
WK, AT S A ML FNRE, R TC e KB
S CEAE R T, 4 S AR sl s A 3 v
i VR T 4 e, A il S R LA VR 4 (4 I R
XU o VFILAE AR G AR 25 VR iR 424
J 0T B T A I R S A R B R v
W SR R AR Ay 2 R AR R B IE O e
TR T A5 R 390 26 AL BR S 7 T R RE A3 AT, 34
2,

T2 A 03 vk HAT 5 7 o B T /0N
YE AT S SR S S R T SRR A AR I
AP SR H 5 s SR S SR DS s e AN
7 L1 S 4 b BRI PR 259, 3 AR
PRAS R 1 77 S A R P, ST T T2 SO 8150k
[Fi] B J00) 5 97 26 VR 2 10 2 Y PR RS 5 70 TR s i R
i D S T R A, Ay v 1) e R 22 2 P E
PEUET I AR
1 ZWES
1.1 EENEL5KA

SMIEIEAL: 7890B AU, ZEEAS R (P D) A
RN

VAW T F T 6T B 2 S ok 96-33-3, 4l
100% , 72 [= Bk e /3 7l o

DY Sk g X BRSO 109-99-9, 4li i
99.9% , 7 [E #R v A )

O R X R
99.9% , FE | B i /3 ]

N, N- — H 3t /it Jiz( DMF ) : % 5 b 127-
19-5, (a4l , 2R v A A

SALENE SR 100 mL &5 4k48 0.9 g, 5N
1907302721, T 7 i IR AR 24k e fi A BR A W]

FLIR 22 AR B A AR S - 100 mL & FLIR
A FI R 0.3 g (F CgHyFN,O, 1) S544k#h 0.9
g, 5K 116190623, Wi i1 = 245 B0y A FR A w1 B
i E

H BRI (20% ) : 250 mL 7% 50 g H &,
fit5h SA19090508, LLIZRHE & 254 PR .

T 5 B SE R R4 - 40 mg (L) C,,H,,2N;0,S 1),
LS4 1906174, W LU 25V A R SAT 2 H .

JE W5 AL SR ( Clyse ) : 250 mL 75 50 g (K3
)5 3 g (UIBEAR ), #E54 B19040702CW-1, S e
TIRHE T 25 A BRA F
1.2 MR IAELH

575 5544 - 80 “C - 30 min ; (%4 : DB-624
BB H[30 mx0.25 mm,1.40 wm, ZHERE
FOPED) ARRAR | SERE TR : 250 °C; it
10: 1 ; JitE: 1.0 mL/min ; K3 WA 40 °C, %
5 min, A5 L4 10 °C / min FHEZE 100 °C, F-LL 20
C /min THEZ 240 CH-P-EE 2 min ; FID £ U#5E
Ji#.250 C.,

1.3 FF%
1.3.1 AR of 7 IR B B 1

TRA PR : 43 RS 2 PR ED J 1 HH T T R
i 21.6 mg ., PUSLPRIR X HE 5 19.2 mg B CL R X RE
22.3 mg, /3 E T WSS A iG & DMF 9 10 mL 45
I, N DMF B 252, #5257, RIS &9 B
HERB AW o 0 DG 2 2 BN s TR PP A v A 25 R 2
mL DU S PRI AR E G 2 2 mL KA O B bR G 5
%3 mL, & T 10 mL 255, il DMF Fi ks 2454k,
FE5T, AR AR R

TR G PRUERE 25U« A B PR E P I 1 HH T 0T P
55.8 mg ., VU S Pk M X AR 48.4 mg BRI X BE
86.0 mg, & T 1l Jc i A i 7t DMF 119 25 mL %5 #it
JE R, i DMF 6 B ARk, $250, BIAHIR & bR if
W

g Sk 108-94-1, 4fi JiF
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(1) FLg A S R B AN S« T R
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ATE A 6 h

(3) {558 FH B8 S mae g SR A M 1 A - PRI
S B SERIME B 60 mg, AL AR S W78 A O o
252 100 mL, BPA5, i {34 FA 100 mL, 5 1 B (]
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I 1, K ZE AR S Mk A€ 1A IR A A
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S FV G 1 25 90 380 R oK s W, B 43 B A ) Jo v A
L o e e, PR 25 5 7 SRR R T s P AL R
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23 ARAHFELMHLE
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PR T 1AL
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JELREE 3 min, W25 5 52 H AR 0 08 B B 8] 12 53 29
Tl G55 F B, DR TP IS 0 O B B TED Dy 7151
min, PO &I AR B8 B[R] 24 7.350 min, 24 4 £
B B[] 24 11,659 min, PR 12 HH 7R R 0 S0 K R A HE
TR E . TEMIERE DL THERR T K 4R
i 7RI PG S0 e % B s 0 o 30 19%) Pk 2 2, Ky
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BRI 240 CHfFIRF 2 min, TEH P HiRY)
EEEvi-
24 FixFER

007 FERE I ] b 2 2 O RE S R A B R L
AEAERTER BT TS50 (AL AR AL
S AN, E A SCHRARE R R 4 R [ 7T
ERZA H AR A S DGR PRI B
JE o ARSI K 4 R SRS, 4300k FLIR 22 4R
TR B AN SR L ER IS R S RS
WA AR SRR A T L S R B, T
S FH B8 S sk S A A S VRO R 4 TR Y TR 118 0
B, RN 50%. B FLESHEON 4
1R PG DO S0 g B A CL A 2 294 300, Ll fi
KON 55%.73% M 57% it o

T2 SR P A Ao i, BB S AR B 145 %
YA 5, N5 AR RE S T P v e i A e 3
T 5 000 el 235 590 v 2 B s o5 e 95 ( 155 °C), TN TR
g Z(80 °C ), UMK AK(66 °C o K¥EME
J7 T8, DU AT 57K , TR IR P R A CL i 3
T T Ko BRI FLIEST A IR 259, 5 & Akl
FESTRAH EL , Xt A 3 Pkl &b 750 v s R e,
LR K V8 1 58 2 1 TRV M TR Y T R B L I, #5535
LSRR, 6 R =5 o PRI , A B R B
R v I A VREAR R, XTI A R S R H
BRI, TR AF N A RE S S bRl £, I 1F
FTAHIL I I 2 58
241 HREHEEHZE
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WEVE R RE T, (s AN 1 R AL 1 nl
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Wy i e B G E T AT A, RIT A& Jm bk
Eﬁ}l}

DMF
DU | g
PR T /
It L.
0 4 8 2 16 20
t/ min

B R
SAMEXAERER . EER

SRR 1.3 IR G ARMER IR 1.5.10.20,

30.40.50 wL ZEFSCMA 5 mL AT 20

mL T0ZS i, 2% 6 TR AT, BIAS DA G AL 8l i S

FEJI I R YNR B AR UERS IR kG 2 s B 1.3.1 N

242

R F R AR ERE 5 0.4.1.2.4.6.8 WL EHULN
A 5 mL 75 FH B SR S AR T S VRORE i T
() 20 mL TAS A, 256 TR AT, B DLvE G e 3¢
P ma ety S A S R L B R TR R TR 2R e
VW A S B R 1.3.1 IRAPRERE & 0.4.1.2,
4.6.8 wL ZHFEHA 5 mL J8 2L SHRRE it
i 20 mL TS, % IR AT, BN LUIg L
SRR ) R BN A AR

W LR 45 RS R R S0 BT, LA £ 15 0 1]
FRCA) Y AEFR, BT i B C ) S Aebn A T 2t
(005 o o — 2 VA B AR O HERE S0 BT, LA
W LL(S/N) 22k 3 B BE A PR, LL S /N 24
R 10 HELA R SR 2 R [T uAC SR A v A 2 o
B T4 BRI TEA [RIRE S L0 ) e T ]
MR M RB AR e B, 2R TR 1

F1 LEEE. LMHEAFEAXRBRLR.ESR

P RAENLR / . i . Kt PR / IR /
i Lty 3 g g
S ENTESTI 0.17~3.46 A=148456.63C+5950.41 0.998 1 0.035 0.17
PSR R 5 FH B e o s ey S T b o ik 0.17~3.46 A=75057.82C+2 640.72 0.999 5 0.069 0.17
S AL S 0.18~3.57 A=81499.90C+4095.61 0.999 4 0.069 0.18
O SN 0.077~3.07 A=127419.26C+346.11 0.9999 0.031 0.077
A Ne i LS 0.15~3.09 A=83879.08C+2 652.87 0.999 8 0.061 0.15
RO SN 0.13~5.35 A=29992.93C+1247.36 0.999.9 0.054 0.13
R ML S 0.27~5.50 A=17131.20C+77.09 0.999.5 0.11 0.27

243 BEERR

BEHIG L =i B K P AR HE TR I, 7E 1.2
TSI T 3EELENE 6 UK, V1 i Ia AAH X

FrUEfR 22 (RSD ), AN [RIFE B 25 R 4 o) RS %8 i 3
WZERG| T 2~ F 4, HE 2~ F47H 1%75‘(%1%
BEEEMEN 0.36%~7.25%, FF M ehrEzing

*x2 WHEBRPEEZEAKRER
iy R / N ATpA o3 0 T RSD/
?:,r!l ) / ‘Fl 7N H 2
TTUJ% %ﬁ (phg'mL 1) Unlj%ﬁ:]‘ %iéj{ﬁ %
0.1728 27295,28530,27254,27798,27 686,25 956 27420 3.11
SR SR 1.7280 271151,275441,239250,247 398,261 491,237 208 255323 6.42
3.4560 465937,497 873,464 857,480 404,526 952,533 224 494 874 6.03
, 0.1728 14808,13724,14874,15802,13 053,13 495 14293 7.25
B L e , , , , ,
TR TR Y i ;ngi;;?;é 1.7280 142522,129490, 141 576,140 076,137 976,136 377 138003 3.44
” t 3.4560 258617,266 856,253 141,260 121,253 252,247 523 256585 2.63
0.1786 14361,15091,14501,15023,15377,15071 14904 261
Ne Wi LTS 1.7856 154723,144 194,151 604,156 858,157 415,152 143 152823 3.17
3.5712 288966,294 964,261 783,273 369,254 959,259 537 272263 6.07
*3 MERBREZERKGER
P VR / LN i NPT RSD/
S0 / !
FE) AL (g -mL iz T %
0.0767 10508,10503,9865,9079,9954,9 878 9964 5.29
SNSRI 1.5345 190579,192780,192709,194 149,198 988,201 125 195055 2.10
. 3.0690 388131,394612,382203,387 738,393 276,393 094 389842 121
VR
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; (pg-mL") I E SEXME %

0.1337 4648,4721,4536,4448,4512,4 644 4585 2.24

SN SR TR 2.6733 82421,82264,81416,81806,83097,82514 82253 0.71

p—_— 53466 159950,160 188,160 042,160313,160 808,161 486 160465 0.36
N |

0.2749 4292,5093,4727,5031,4791,4971 4817 6.09

LS 27492 46 836,46 482,46 190,48 124,46 529,46 041 46700 1.61

5.4985 94172,95 149,92 520,96 533,93 018,95 940 94555 1.69
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o A3 SIS TR A R A s o i 65 0, 25 TR
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G F 3 5~ 7. MRS~ F T AH, ANAR E R
H72.52% ~119.67% , I 5 45 5 10 FF X A o Ji 22 R
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®5 FHEBPEIREARER(n=6)

WKL/ (pg-mL") PRIl / RSD/

3L

o

YAyl ST (B % %
e 0.1728 0.150 1 86.84 3.72
ML A 12 1.728 1.7874 103.44 2.13
SRS ’ ) ’ ’
3.456 3.789 1 109.64 2.87
0.1728 0.1751 101.33 2.69
HEE RS 1.728 2.0679 119.67 5.46
3.456 3.972 114.93 451
, 0.1728 0.166 8 96.53 4.44
PR 2E R A AT
*ﬁﬂﬁ'ﬂ?w 1.728 1.8284 105.81 1.32
- 3.456 3.313 95.86 132
0.1786 0.1295 72.52 3.67
B FLEE SR 1.7856 1.8547 104.02 1.91
3.5712 3.1813 89.08 3.59

6 SRR EIBIRIGER( n=6)
JERIE /(pg-mL)  SPfEligR / RSD/

I

VAl SR S % %
P 0.0767 0.0748 97.54 0.97
FLER A E D AL
UL 1.5345 1.5054 98.11 1.52
- 3.069 3.1213 101.71 2.36
0.0767 0.084 109.47 1.01
HEREEE S 1.5345 1.7248 112.4 3.35
3.069 33271 108.41 291
. ) 0.0767 0.0751 97.86 29
A 7 =i
ﬁié{’fﬁ?{?“ 1.5345 1.4719 95.92 1.23
3.069 3.0146 98.23 0.1
0.1547 0.1292 83.52 1.83
BRIVFLEE S 1.5472 1.588 102.64 1.59
3.0945 2.9088 94 2.86

2.5 FowmlE

K% B ORE SRR W S mL, BT 20 mL T =S
M, B PR, SRR, T BRI PR TR
H I A ARAGE HE DT P TR DU S R B 2 L B, A
TR AE R AR 7 L VR SR, TR R PR R L Ok
KA R AR H BRE v, 430y 17.28.15.35.26.72
neg/E.

*7 IRSERMIRERGRIELEE R ( n=6)
JOREHRE / (pg-mL")  SPIElER/ RSD/

H I

et e %o %o
N 0.1337 0.1079 80.7 15
FLER 2 ER D AL
s 2.6733 2.6431 98.87 1.62
* 53466 53156 99.42 1.63
0.1337 0.1192 89.18 2.63
H RIS 26733 2.9762 111.33 1.17
53466 5.7907 108.31 0.68
. 0.1337 0.1062 79.42 3.7
B AL =
i‘i;‘f’éff[?gm 2.6733 2.6439 98.9 1.74
¢ 53466 5242 98.04 121
0.2749 0.2798 101.78 4.07
B FLTE SR 2.7492 27331 99.41 233
5.4985 5.4724 102.35 1.97
3 #ig

ICH Q3C ™ 43 Hi Y DY S vk e 43 FI AR i/F R i
(PDE) Jj 7.2 mg/d, 3 [ FREE A4 38 W (1 3R
O B 22 475 5ok 25 mg / d, i 33 K fLER ik NOAEL
E TS 20 U 42 4570 50 50 mg /do N TR
ik 1 70 340 BIR e oA DL A SCik 4 38, R Ol T A bR
Y GBZ 2.1-2019"" B F A1 44 2 F i 94 P i A
SRR BE(PC-TWA ) 2}y 20 mg/ m’, J& 3R i
PC-TWA (50 mg/m’) i 0.4 fi5. S% Y%
G534 25 mg / d, VE TR TR P IR R DK ik
()% 472 h 10 mg / do ANBIFFERE i A R Y TG
DU VK R B A ) PR ) A A+, L2 4 BRAE 4051 R
HAS H R IR 579,469,936 %, Kl 5 7 A 1L 8 1 240k
T HZ YA,

SR FH T 25 AR £ 33 ok X — W ok P i T 2 24
Wy R A R ORGS0 DR TR P R | U Sk R B A
T RS B R T TAISY 20 I 0 B PRl e %
e P, T[] A R — VR A VR R 8 7 TR
R | O S AR B 32 AS 1, S — UPEf
TR B R A MR T B

S & X ok
(1] aater, TR, X . — Vot b e rh 413 — Y R

IR Mg R 224 Hr [T ], oh AR B 24,2019, 36(1):

45,

(2] VUL L0, 280, 45 . —URME AL T VA VAR Rk FL B 22
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T AT R B SO A3 - BUE RS LT ] b se 4R,
2016,32(2): 239.

AOKEE, T R AF | — U T RS T C BRI R AT
T[T ] R AR T RS, 2018,37(4): 515.

5 KU VOCs S A IR AL I ST [ D ). 4875 « 4
K2#,2018.

KA . PR U S A TS — ARG B — R (i i
WFE [ D ] R RDBHE K, 2016.

IR, B, B, 5 . TPE SR 2R 05 AR OB A AR 2 1k
[J]. 8RR, 2017,5(45): 97.

T, WA SE, X R, 45 . PVC SR 2% il T 7 25 R BB AR ek
WrFE ) ], AR B2 T ARRETSE, 2015, 34(1): 58.

XU, 2235 | Tos SO @2 e e T SR S B sR [T ).
Ab2E o, 2017,26(1): 72.

T, AV . AR i) s — M B PR RS b T i 5 31
CUEgk B i [T ], BE2h 541, 2010,29(6): 785.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

F R AT 512 A NRSLRIE 258 pUFR [ M ). dbat.
] B2 25 R Y A, 2020: 116.

ZENT B B, RS L T SO (s DN 24 v kB R 11
MR ZE R[], 295 Fi Ak, 2005,25(7): 823.

ML, 0L DY . T SN Rk s ER R % P T Tk v
YA HILVS ) S SN 5 22 [T 1. 2594y i 27,2010, 30(5):
963.

JERHUR, TR, BRI, % . TS — AR S - B etk
i 14 P HLIA R R [T ], i AR 2%, 2014, 24(6):
773.

E R D12 PR R E 25 pUg[ M ] dbst: h
[ = 2B AL, 2020: 480.

ICH Q3C (R6) Impurities: Guideline for Residual Solvents
[s].
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RIF AT ZE - SERIE - RITENELER
12 R ER RN

IR, &HF,HE,HKE, GXE, DR, BR
(PG ZPYHLAT (ML TS 6% 710054)

WE YRR A I - A0 &% — R L3P 12 A F A A AL 0 O ik IR R B — = EUF B (4R
AR H 3:7) AERFEN, FEBGRE A 100 °C, FBA ] 2 7 min, FAIRFEIR 2 K, R4 S Ie AT, 12 FrF L
WA ERZRIEH 0.05~2.00 pg/L a9t B AL & A o) & mMRE X 2 RAF, T3 h i B -F o9 40 AR 1R
EZ30 T 30%, 4 B IRA 0.30~0.65 wg/kg. MmARKT A 0.20 pg/ kg B a9 mAREDK E A 62.01%~106.87%, 1) 5% 45
R FITAR AR £ Hy 4.33%~8.29% (n=6 ), %7 ixiE A T 1A P 138 F3E R A B 694

KR AMEE - PIAEE; R E N R XA LI

hES%ES: 0657.7 XERERINAD: A

NXEHS:1008-6145(2021)07-0029-05

Determination of 12 SVOC:s in soil by accelerated solvent extraction—gas chromatography-

mass spectrometry

Wang Lan, Gao Xiangyu, Yang Haiwen, Zhang Hua, Gao WenXun, Ma Yifei, Bai Liang
(Xi’ an Northwest Geological Institute of Nonferrous Metals Co., Ltd., Xi” an 710054, China )

Abstract A method for determination of 12 semi—volatile organic compounds(SVOCs) in soil by accelerated

solvent extraction—gas chromatography—mass spectrometry was established. The extraction solvent was acetone—

dichloromethane(volume ratio was 3 : 7), the extraction temperature was 100 °C , the extraction time was 7 min, and the

extraction cycles were 2 times. After extraction, the samples were diluted and determined by gas chromatography—mass

spectrometry. The mass concentration of 12 SVOCs had a good linear relationship with the chromatographic peak area in

their respective ranges of 0.05-2.00 w g /L with the relative standard deviation of average response factor were less than
30%, and the detection limit of the method was 0.30-0.65 mg /L. The recoveries were 62.01%—106.87% at the spiked level
of 0.20 p g/kg, and the relative standard deviations of the determination results were 4.33%—8.29%(n=6). This method is

suitable for the detection of SVOC:s in soil of development land.

Keywords

compounds; soil

R R A B (SVOCs ) 245 4
B BA G E VTS e, AR B L A
LT AR T REESE AL A XA
AU B Boeds Y e BAEFREE )y B A
FEANE A B FRE MERE R A R, ST

BIEEE TR AR, BIEL TR, NFH BB M7 18]
KWFmEE  2021-06-24

gas chromatography—mass spectrometry; accelerated solvent extraction; semi—volatile organic

— T A K R AT DL S i %ot B
M EA T

R, 48 f i SVOC BRIy ok £ AH <
R 6833 — JTU I GC-MS ) 1 RIS i 45
o e PERE DL, BT IR AR IR, R

SIAMR F, ST B, | PRI A — U % — B g e 12 R ML [T ). Ao BT, 2021, 30(7): 29.

Wang Lan, Gao Xiangyu, Yang Haiwen, et al. Determination of 12 SVOCs in soil by accelerated solvent extraction—gas chromatography—

mass spectrometry [ J ]. Chemical Analysis and Meterage,2021,30(7): 29.
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L NV H 12 B AN o g i R
A B T Ak 5 7% 32 ZEA QUEChERS ( Quick,
Easy, Cheap, Effective, Rugged, Safe ) ' iy
FICAES ) 370 [ M1 ZE B (SPE) 125 R G 1] HH 4
Wik (MSPE) 1045 | (ELRE: i 75 ek s K, 28 T vk
Was Z R A NS, S EFEIOTEAHLL,
ASE 35 B A WU () 5 RIS RE D B E B sk
PR s FRBOGE 5, T B TR
RESh A HLTS R p R AT SRR LR
A T R AR RS IO IR Al i 2 R A (i
VAl TR AR B VR B 0 R [R1 25 3140
ST AR FSEORE S R R A IR vk 22 R
(A5 2R, TR M (05 R SR BB TG A R o S AL
KA YL AL, (E R T AL I A R T
JEF A A B M R I e R
AR

2 H R AES LS5 6 A WAE S T Ak A
A ORI T 7 A B, SR IO B R A SR AR
Bl , I REARARE o6 RS 075 2, AR i B TG
/& GB 36600—2018 { H G i i i +
875 Y XU A T bR GRAT ) ) b — 28 FH b Fry i a2 R
HAY 1/10 AR e T R, 38 T 5 ATl
Al M R ) SVOC K
1 KIeERsy
1.1 FEEL5KA

SRS - BT ER AL : 7890-5977B #Y, K [H
LHERRHL AT

SEATHARAN . MultiVap—10 B4, It 5T AZERMY
A PRAF]

P ZEHY . FLEX-HPSE %!, Jb 513 %8
PHUEA R T]

M B E R 1000 mg /L, 15 57y FH
%5 CDAA-S—650022—AD—1 mL, b #3245 501
BHEARAF]

11 Fh2 4% 5 A WL TR S A R TR AR
Wy 2- SOREY AEFEOR 28 2RI [a | 8 R[]
W AT (k]9 K9 [a 1 B EiIF[ 1,2,3-cd ]
BRI La, b ] B BTV E Y 1000 mg /L,
W AW b, 5 CDAA-M—-690060-KD-1
mL, PSSR A BRA A

BARYDIR B PR IR ALFE 2- 5 R -d,
AL -d5 2 SIEA 4,4 =BEOK -d,,, R ELY
21000 mg /L, % H 0 NEN - — A FLE(1:1), 45

HEW) T 2 5N 110450—-09—1 mL, FE[H 02 si FrifE il
NS

A TR B b T B A TR S 2R -dg L i -dy
4b -d,, BEVR SN 1000 mg /L, 50 AR — —
S EEC1: 1), 95 CDAA-M—629032-XD, | iff
LAESLI R AR AW

5 R A AR A PRI RN 10
weg/L BT WL Kl 1 wL 11 gk ALY
REARERWCR 1w L B A AR e fE 25, A
THEHREAZE I mL, B0 nL HIRA R R
THENEER R 1 mL,

WARRE SAREIR W : B 1 L AR S bR s
BWH G P B ESAR 1 mL, 510 wL KBS
W AW EARAZE 1 mL, 25 -dg. -d,, dE -d,,
Ji R EEY R 10 wg /Lo

P S e IE Qe TR LR - Y R A Bk
9, LSS R A PR A F]

kst 75~830 pm, LI ZESC IR A R
NI

AVERY TCKBRER AN : B ILg At , T 400 CHE
¥ 4 h, R AE T TIRAS D, BUERRHE AL 2= A PR A W]
1.2 %ok
1.2.1 B & ER

FREC20 g RS Z 0.01 g ) FE & O ik +
A IS IR B RS TS A RLIR A 34
mL AR P (NP ERIT 1 om A4 ) dE 47 P
VEFIAEE . ZEBOA T R — S e (RFLEL A
3:7), PR R 100 °C, A HUE J1°4 10.04 MPa,
JHOE 75 8] A 5 min , 25 B 8] 4 7 min, 7538 48
B2 .

122 FERYE

WCAR AR AS IO, FH /0 ek PR R Y1) 37 280 WO R
P, U 224 20 mL B /D a8 PR Y 2RO FURE
LR ERAMGEZRZ 20 mL, it 1 mL EALIGE .

1.3 AE A&
1.3.1 AAEEEAN

1% A HP—SMS-UT B 7 3% & 40 45 #:( 30
mx 0.25 mm,0.25 pm,EELZHERHE AR ) ;
FETRE : 280 C 5 ERERL N33 s HEFEIAFR: 1.0
mL ; HE & 1.0 mL/min 5 A2 #91R 8 40 C,
45 2 min, P4 12 °C /min 893 R T} 2 160 °C, {4
¥ 5 min, FLL 10 °C /min BEFRTFE 280 C, 1545

5 min,
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FE &
HL 251 B IR - 230 °C 5 PUZFTIREE «
150 °C; B TALRERE: 70 eV ; 2 IR . 280 C; A
FAE IR B [A] - 3 min 5 PEHEE AL 12 Ff SVOCs

1.3.2

F TSSO T4 1.
x1 RiEsH
(R N ‘El RO = oz By > =
e PEME g ERUET ARAT
2- Y 3.957 25 -dg 112 64,92
PR -dg 4.959 75 -d, 99 71
ENi 4975 EJN 94 66,40
e 5.078 #5 -dy 93 66,65
2- GAATH 5.175 %5 -dy 128 63
HFEI -ds 6.197 % -d, 82 128,54
i HEA 6.224 EJN 77 51,123
%5 -dg 7.253 - 136 108
e 7.286 % -dg 128 129
2- FRIER 8.964 %5 -d, 172 171,170
4,4- =IKOR -d, 15.338 Jiti -d,, 244 245,243
At a | 17.924 i -dy, 228 226,229
Ji -d, 17.933 - 240 234,241
Jif 18.032 i -d,, 228 226,229
AL b ]9 21.254 16 -d,, 252 126,250
I [ k]9 21.351 dt -d, 252 126,250
B altE 22272 d6 -dy, 252 250,253
it -dy, 22.437 - 264 260,263
Eidf[1,2,3-cd ]t 25.791 J6 -d,, 276 138,274
I a, h ] 25.921 J6 -d,, 278 139,276

133 EEFRE

Z: MR e B R A ALY AR HE AT

XA A DLYNR A AR W A T 0 A, A5 21k

B angE, ik 1 s, mE LR 12 Fh
FTUETEXFR  TEARISEE , £ 240 50 o0 85 B R AT

100

90

80 1

B[ / %

70

60 —

50 -
)e(

" #

K ¥

B AR (6:4)

B EHP N (5:5)

N R S >

10
9
237
46
1
13,14
5
11 124 1617
15+
20
18 19
. IIJI. l]n. LL
5 10 15 20 25

t / min

1—2- G s 2— KW -d 53— 4Rl 5—2- SR
6— MR -dy 5 T—HHHEAR; 8—2K -dy 5 9—3%; 10—2- UK,
11—4,4- =1 dyy 5 12—2TF [a ] 13— -dyy 5 14— -6 5

15— [0 198 16— 40F [k 19808 17—40F [a ]2
18—t -dy, 5 19—EiHf[1,2,3-cd | 865 20——#If[a, h | &

B 12 B 2 A DL 08 S T i e 5]

2 HR5iHE
2.1 FREMeHEA
211 FEEUEA

AT TR X8 E s A G 0 1 0 i S 52 ) A R
ISR E R R, TR EZ B R A LR 2
e tEAb &8, T8l S e NS 5 A T
A, PR A R B SR R 5K
SERr 1 0 TR S AR A S, [ LA AT R
AR LB A B %58 T W6 — NER( 6 : 4.,
7:3.5:5) ECkE - NECT: 1) IREG WX = Hm
FRE A BRI A 520, 2558 DL 2. i 1 2 mTA
WA & e — IR (7 2 3) B, BRIk
Flw ey, ORPEZ AR

X X
S R S
%@ x\(~x R &0‘ /C‘& &0\5\
LT N

T (7:3)
e P (1 1)

B2 R T R

212 FBURE

PR R A ORI = R A EE S A T
AH, BT DA A B B 2, A e T 80,
100, 120°C 3 il 548 1 2 ML B X A2 BUROR )

SN, EHEE R AT, AR UR A 100°CHT, Hbr%Y
) A% ] 5 2 B A 5 80 C B, T4 43 5 b A AR 1Y)
AEHECRAL T 100 °C B [BDRCR 5 120 CHF, B AR
P AL B RNV I R v L R B 100 CAE A A
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I YA IO B
2.1.3 ZEHUE|H

PR A AR U i e, AR IR () A 2R G FE
EH 5.7.9 min 25 £ A B KO0 A8 BUSCR I 5210
&5 5T, MU E] S 5 min B, IR 2 H AR
FIAEBUHCR 22,7 min A1 9 min A A& BCRCRA Y,
% S RN HE] A, P 7 min £ A A TA]

2.1.4 AR FEBOREK

BEILT 1.2.3 WIEHZEBORMF G A A R AL
X HE BT ISCR 52 o 25 SR B DR IR AR B 1 IR
IR 2 SR AT T 2R 49.02% ~ 80.63% 5 11 A FE it 2 1k
F4) B 4 B[] 0T %y 64.06% ~95.84% , £ 1 /2 B3R 5
PEIRFEI 3 YT AL IR 65.13% ~96.52%, I
VA I AR L SRR 2t 1] S50 A i S
PEBREIA AL 2 Ko
22 R MK

5T T R W I AN 285, AR IR B R B & A
VR R S I, 1 0K B 2 5 H AR
FAF 2, RS T 32 B2 phy SRR A R e 1Y)
JIT LA B 5 2 b [ 20 R e PRk 2 Ak H
1), MRS A FE Bnd . %58 T 20,25,
30 °C 3 AN R EE F B4 T A& ot B AR IR 1
SO, S5 AT, 20 CH, AR ], — 4
R A5 H AR ISR B 30 G, BARY Y Bl
W 5 25 CHIAH L, A W AR &, It LR S e
25 CHERAWTREE
23 KMEARAA DR

TESAERT AL BE AR T, (2 1 1R 5
JEE, S A% 2 A MR A PR R TR 5.10.25,
50.75.100,125.150,175.200 w L, F&HNANFRE
BARIEEWE 50 WL, JH A BEA S | mL, Bl
i 0.05.0.10.0.25.0.50.,0.75.1.00.1.25.1.50.1.75
2.00 wg/L BTRA AR E TAEV T, DL 3% i 1 7
() XLBHRRE (x, g/ kg ) FEATIRNA, -2
FEXT IR 5 PR T3 R Sy TR, SR
BRidE i .

F5 8 HI 168—2010  FREE W 43 M7 7 ik Am v il
PETTHE ARG ) 1SR - 447 ) 17 PR T B o
2& Kt RESHOHTT% 58, 7% GB 36600—2018
(A 39 PR T A 3975 Y RURG A s b v (it
F5)) H—28 A 3 FH b BEBIREL 1Y 1/ 10 XefAG: s B
TIvEf, 45 18 T3 2. B3 2 W1, 12 Ff SVOCs

R4 B PR BB O 22 240/ 30% , ARG HE LA
L ZR, HR B R 0.30~0.65 g /keo
£2 2 MEEREENHRNSH

A 349 R PR iﬁLL'ISEé{] @M&%%jﬂiﬁ/
(W% / % (pg-ke) (mg k')

2- 4.10 0.62 -
HM -dg 361 0.44 -
F 226 041 -
F3i3 4.04 032 9.20

2- A 233 031 25

B R -dg 351 043 -
fRA 2.70 0.40 3.40

% 243 0.34 25

4,4- =K d,, 8.65 041 -
FIal B 220 0.51 0.55
i 2.57 0.40 49
ESIANADS ) 2.80 0.30 055
SIANAD 3 255 0.65 55
AIftLaltt 3.16 034 0.055
BidF[1,2,3cd ]t 5.62 0.46 0.55
i SN ) 447 0.55 0.055

2.4 HAEEEL AR el

T H RSP IIA 020 wg/L LT
LR A bR E T, $2 BE S8 v SRR i v
12 Fl 3 2 A WL AT D, AT E 6 fy,
T [T 0538 KO % P 25 R T4 3. i3 3 mI A,
T [ 0 2896 Ry 62.01% ~ 106.87% , K 5% B2 1 Fl
M 4.33%~8.29%, Tl /L ITH TR

#3 BEESIFERRRER

JdvkE/ (pg-L")

iR/ RSD/

i Wil PBE % %
ol 06.1135’,06.1155’,06.1163' 0.14 7195 538
2- R 06.1132’,06.1135’,06,1153’ 013 6701 516
TR N 06.1122’,06.1155’,06.1133' 0.13 66.18  4.96

% 06.1121’,%.1125’,%_1132’ 0.12 62.01 5.57
B [a ] 06.1290’,06.1177’,06.1167’ 0.18 89.49  6.50
T 0(5.2107’,00'.11787,0(5.1178’ 0.18 9033 578
HIE[ b 19 00'.2213’,06.2203’,06.2200’ 021 10687 585
ESIAN AP I 06.1198’,00'.2109’,06,2210’ 0.20 99.15  4.64
HIf[a ]t 06.2210’,06,1183’,06_1291’ 0.20 98.08 5.16
Eigf(1,2,3-cd ]2 06.1271’,00'.2201’,06.1199’ 0.19 97.34 6.18
—Hkla, gy 021,022,018, 0.19 96.44 8.29

0.19,0.18,0.17
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JRURS: 8 5 i HE A T ) ) 2K, B R RS % 2
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s X AT 4S9 G, 7E - 83 R A L A
e B —E e 2
2 & Tk
(1] B, SR SCHH o 208, 45 B iAsn 6 — SO (A / HR G T %
0 5E e 20 A HLAEARZT [ T]. 150 %, 2015, 34(6):
108.
(2] ZERIZE, Ry AR, % . L Hep 64 BRI 5 L YEA LG
P BT misE [ 1], ik s, 2007, 1(1): 79.
[3] Jige, &, sl Kok . AT B vk i A 4047 -1 147 Fif
SEHERTERNLT ] B ,2017,36(10): 2283.
(4] /e, B RN . £35 b  3Erh 11 Rl 3% R A DL RO I s
[T ] ABE = 510, 2021, 13(1): 30.
[5] BuL,F0ME S, FHR, 45 . QUEChERS— S5 FH i ] Bkl 5 3¢
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SEME,2016(10): 181.
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R R B T I T AT 28 R U A SR HH B

FBFIGE, FNER, XU E, JTRRIK , ERAR, TE ok
IR BT A2 0 LR I , 3R 23 B B bR B S M TG 0,
IR BT BB Y7 VP AR S R 250101)

HE 2IH20RMEETRENT REN BT RE A WEE S, RBFEAEARRIERN, BDE &6 R E
FLHEIR S h, AR AE f R BT S e R AR L B A A RARBEOE KA K SRR A 4 232,314 nm. By A R
WEAE 512~1024 ng/mL B A AL & mMma X & BAF, KEARX R4 09999, 7 x4 B R4 10.8 ng/mL.
AR e E Yy 90.23%~104.21% , M) 2 28 R e AT AR AEAR £ 4 0.831 8%~3.661% (n=6 ), %77 k% ik, 7T A T
RAENT PR E A ST,

KB AR EA R RE A 5 ZHRURAE &S Rk TR

FESES: 0657.7 ERERINAD: A X EHE: 1008-6145(2021)07-0034—05

Determination of bisphenol A dissolution in hemodialyzer by high performance liquid chromatography
with fluorescence spectrometry
Guo Lijuan, Sun Xingxia, Liu Aijuan, Qi Xiaoqing, Wang Chenxiao, Shen Yong
(Shandong Institute of Medical Device and Pharmaceutical Packaging Inspection,
NMPA Key Laboratory for Safety Evaluation of Biomaterials and Medical Devices,
Shandong Key Laboratory of Biological Evaluation for Medical Devices, Jinan 250101, China)

Abstract A method for determining the dissolution of bisphenol A in hemodialyzer by high performance liquid
chromatography with fluorescence spectrometry was established. Methanol was used as an alternative solvent to simulate
the clinical use of the product and circulate for 5 h to evaluate the clinical exposure of the hemodialyzer. The optimal
excitation wavelength and emission wavelength of bisphenol A were 232, 314 nm, respectively. The mass concentration of
bisphenol A had good linear relationship with the chromatographic peak area in the range of 51.2—1 024 ng/mL, the linear
correlation coefficient was 0.999 9, the detection limit of method was 10.8 ng/ mL. The recoveries were 90.23%—104.21%,
with the relative standard deviations of 0.831 8%—3.661%(n=6). The method has high specificity, and can be used for the
determination of bisphenol A dissolution in hemodialyzer.

Keywords hemodialyzer; bisphenol A; high performance liquid chromatography with fluorescence spectrometry;

methanol
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HE FEIZ[A0RMEE - RERAEN T T UMEFARRKS (1) PR R WL N- BAEA =T ik,
A ACE C 4 #£( 150 mm x 4.6 mm,5 wm ), VA 0.1% W B /KA &R — W EL A 7348, A2 4 0.6 mL /min, % & 4 2L 5L,
ARIRA 40 °C, KAEEBTF AR EAM(MRM) X, AKEENFEE(APCL) A B TR, EFEN, N- BAiL =
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Determination of N-nitrosodimethylamine in metformin and glibenclamide tablets (I)
by high performance liquid chromatography—mass spectrometry
Xu Yanmei', Cheng Xinjiez, Bian Guzmgli2 , Yan Kai', Gao Yanxia'
(1. Hebei Institute for Drug and Medical Device Control, Shijiazhuang 050011, China;
2. Department of Pharmacy, The Second Hospital of Hebei Medical University, Shijiazhuang 050000, China)

Abstract A high performance liquid chromatography—mass spectrometry method was established to determine
the genotoxic impurity N-nitrosodimethylamine in metformin and glibenclamide tablets ( 1 ). The method was carried out
on ACE C4 column (150 mm x 4.6 mm,5 wm), 0.1% formic acid water—methanol was used as the mobile phase with
gradient elution at a flow rate of 0.6 mL /min, and the column temperature was 40 °C . The positive ion multiple reaction
monitoring (MRM) mode was used with advanced configuration and power interface(APCI) as the ion source. The mass
concentration of N-nitrosodimethylamine had a good linear relationship with chromatography peak area in the linear range
of 1.026 8-102.68 ng / mL, and the correlation coefficient was 0.999 8. The limits of detection and quantification were
0.0342 and 0.1026 8 ng/ mL, respectively. The average recovery rate of the test sample was 96.32%, the relative standard
deviation of determination results was not more than 8.5%(n=9). The established method is specific, which is suitable for
the determination of the genotoxic impurities N-nitrosodimethylamine in metformin and glibenclamide tablets ( I ).

Keywords liquid chromatography—mass spectrometry; metformin hydrochloride sustained—release tablets; genotoxic

impurities; N-nitrosodimethylamine
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ARG ASIE I AL AR IETT 276000 )

HE A3 T A BHRE RAEAWEHE - REFNEEZAPREDO T R, HAMEREFS, 2%
BB H 20 wm 49 PLOT-Q i 42 A2 K & SRS, KA 24 100 mL /min, £ # 5 B 34T F TR B AR ES
LI G HN DB-5 LTM & #7508 M A& it — ik 2 2 odr, BREN,THERMG R L
34.8~1419ng EA N5 & A 0 Ed@mREEX £ BIF, MK REI KT 0.992, 24 200 mL KA, 24 74
HIEA 0.006~0.012 mg/m’. F ik e AR AR AR £ K 2.4%~8.7% (n=6), T3 EIW F 4 89%~103%., ZF = LE
A dea] AL B, TG ST A PRI RN K IR R AT R R AT AP R AN Pk,

KB Ay BRAAF; AANEE - ik READ

FESEKS: 0657.7 XERARIAAD: A XEHE: 1008-6145(2021)07-0042—05

Determination of benzene series in air by low heat capacity gas chromatography—mass spectrometry
with thermal separation injection
Ma Xiaojie, Li Mingfang, Li Mingming
(Shandong Linyi Ecological Environment Monitoring Center, Linyi 276000, China)

Abstract A method for the determination of benzene series(BTEX) in air by gas chromatography—mass spectrometry
(GC-MS)with thermal separation injector was established. A PLOT—Q short column with a membrane thickness of 20
. m was used to collect the samples with a micro adsorption sampler. The target compounds were desorbed in the thermal
separation injection rod and separated in a DB—5 LTM chromatographic column. The quantitative analysis was performed
by gas chromatography—mass spectrometry. The results showed that the peak area of seven benzenes had good linear
relationship with their chromatographic peak area in the range of 34.8-1419 ng, the correlation coefficients were more
than 0.992, and the detection limits were in the range of 0.006-0.012 mg/m’ with the sampling volume was 200 mL. The
relative standard deviations were 2.4%-8.7% (n=6), and the recovery rates ranged from 89%-103%. The method has no
sample pretreatment, good repeatability and low detection limit. It is suitable for rapid determination of BTEX in air.

Keywords thermal separation injector; gas chromatography—mass spectrometry; benzene series
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JBRRAE , AN A ALV AL 2 (I8 R4S fefT FE T AR st ]
o, ANFI T PR AS I 5 R A VA A A 1 BT, 3
JUAE R TR T 12 AR 2 Tl 46 25 1 S “1e e sns”
oM, 2 T BRI I IR S R ANE A =
W H AR Wi

255 I FHAOWE BT RAE#R ( CTS ) A B HERE AT
(TSP) M AAH 635 — B e A o7 — A
2SR R RN v, CTS & — Rl 35 20 1 o)
FERS  RAETTR B AR A L 3] CTS B
3k, Ja B SR A A B R 2 A 25 ASORE S IR A IR AT
HArb &Pt S 2. RS 5 f
AT, A TSP & FEE SR B R S AR
TSP JEREFT, 4% GC/MS FEFET  BESTE GC-MS
pii = W2 i NG | K= R N2 S N =i AN
MS Kl #8553 #1. CTS 7] LRI 2R I 6 AR B 44
FE A MR S, ] PR PE— AR BT LR I BRERE i A
FTERGAG I, AR A7 TR AR ) R AR R A REAR
TSP J7 75 1) 32 2 s R B AN e 5L o 4 o IR FR AE
TR A AR T, B UG JS R ORLED T 25 55, T AE
fEgE ke 2, R A 73 2575 Y GC AT N
AR A RS T B W, I
T RE SR AR S A2 SIS & AT A BT T T AR ]
R KB T 7632 fiy o 2 PR S 4 5 ik 2k
AR T REPE S,

1 SEIEES
1.1 2EZMEL5RXA

PO B I FEFT(TSP) : G1181-64000 %, 3E %
ZHERPHEA R AR,

O B S A R FE £ (CTS ) : GSP—300FT-2 1,
FEEEY 10~300 mL / min, 35 E 2SR
FRAAH]

ZeaRa VA 3 — TR : 5975T #, 5[
LHRPHEA R AR,

SMHR BEAY: 4700 %9, 55 [E Entech (¥ #5 A R
AR

Jifi 5 J4 4 - PLOT-Q 4ifi % J #1:( 20 mm % 0.53
mm,20 pm.40 wm), HP-5 #ii % % #£(20 mm x
0.53 mm,5 pm),EELHERRHABRAF .

ANEAE: 6 L, WBEZ (LA, 5¢[H Entech
1A BR A

TRARRZRYIRGWESE: AR HR &

7% A R TR AR THIR RO,
KX07186, Hr &K 4 1w mol / mol, HE I
HARWFFEBE

12 BB I8

1.2.1 & &%

{3 HE . DB-5 LTM R g5 # M IR AR B B 40
FH(30 mx0.25 mm,0.25 wm, 3 EZHERRHE
AR T ), DB—624 LTM U rf 25 1 PR (R P 2 48 B
EEFE(20 mx 0.18 mm, 1.0 pm, & FEZHEEFR
FARATE) ; 444 : DB-5 £1( 0.5 m x 0.25 mm,
0.25 pm, EEZHERFHHAKRAF), DB-624 #1
(0.5mx0.18 mm, 1.0 pm, 3 FEZHLR AR
ol ), 5T HLA A R A [ e AR, 5 R L
PERE DT ] TSP, IR A 200 C, itk 51 5
#H5 A, WA 1.0 mL /min ; B2 THE: Y184
TR N 40 C, A% 4% 5 min, A 10 C /min JHEZ
100 °C,{4:4%F 1 min, LA 30 °C /min FHi& % 180 °C,
£-4F 2 min.

122 FUg&t

B R T2 B BN BT RBEE: 70
eV s B IRIRIE : 230 Cs FH A A, i
L 35~300 Da.

1.3 P
131 HEXES5RF

A A A 2 B AR N SR A AR T L2
Hkesk b SRAEIE W 1 A 100 mL / min, SR 4E 2
min, RFEZRSE R, 5T 1.5 mL X
FHAR (O S R P R AT
132 fREAEEF 4

DL alizs SOM IR, il HASRFR B AU AR
W bR e S, TE AR 2R 51 B bR o SR, T o 4
M SUREEAE T 6 L ANEEINEE W EE 535128 10,20,
50.100.150 nmol / mol , B NEFERHEH AR FEA 1
LB A4S, I CTS M Fe A48 43l i
B 200 mL AU, A AR S0 AT 0 FFEAS [R] BT i 8 R 40
T GC-MS 781 FaFEI R R o L2 1.

F®1 HEESHBEMHERYRE ng

&Y K1 KF2 A3 KF4 KRS
¥S 34.8 69.6 174.0 348.0 522.0
R 41.1 82.2 205.5 411.0 616.5
R 473 94.6 236.5 473.0 709.5

B A HZR 946 189.2 473.0 946.0 1419.0
4B R 473 94.6 236.5 473.0 709.5
KL 46.4 92.8 232.0 464.0 696.0
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1.3.3 Wl ik

W 58 R B I A 2 A — M L AR
PR, SRR TSP, ¥f TSP #3243 / A5 i it
FEO, 54T GC-MS 43 #1.  LADR B B [B] F1 NIST i
PR, LA I RS MR I i
2 #REIT
2.1 b RegiiF

5 A 1) 3 J5T R R A AR P D EE T DA AR AT R
KGHEZS o 76O B AR A 28 L o3 1] 22 2%
PLOT-Q #Y( 20 mm x 0.53 mm,20 wm) Al HP-5
(20 mm x 0.53 mm,5 wm) L, T EER
i 100 mL / min, B [8] &7 1 min, #E17RE R4
RIS A5 R R, e A 08 254 T, PLOT-Q
YA A S A 0 B IS 45 B AR 1 i 8 (E I v T
HP-5 AUHE, PLOT-Q AUttt 2 L2 4 #E,
TERRE [ 1R — )2 Z2-FL Ak W R ) [T A GOhr, 32 45 Wz o
ERYEA DY, N L £ PLOT-Q R A A1E M di 45
FakE
22 HEEEREGLF

Sy ff Al A B R 1) 5 T, 73 i) A RIS Sy
20 pmA140 pm ¥ PLOT-Q &4, R4 50 nmol / mol
FIAR R YNR A PRES AR . R0 S5 R, EH H
TSR AN A5 Ak 5 v iy 5 B T b 2 501]
JE SR A e A ARG TR Al S A LR R I RN A
3 2 PR Sy JEE i 3 A 1 o bR A %) A B A T R
NGy AR OB . R B BRI 20 wm (1)
PLOT-Q BIAAE Al fE AT .
23 REARETHRF

3 AL B R B AR SR R A T R 50
100,150,200 mL / min, 2K £ ¥ & >4 50 nmol / mol
IR ZPR A PR, IS5 SRR, R &
4 50 mL /min F1 100 mL / min i, 5 A5 4 01 57 {8
22K, R & K TF 100 mL / min B, H x4
M S {1 I 0 o SR A 0L RO 8 an g sl /)N, U B R 5
UL AR AR RERE ST AR TR RACR A I i
TR AR S A KSR B[] O BEOR A T

100 mL / min,
24 &3k E

U0 T 4 3 UM T — T (UK FE (I 4
HETER ARG AT 85, B A A FE A
PR I IMIRR AL BERE. feGgaik
SR YA A 25 S R A R A A T I A FIA 200, 41K
PR L 1 A AR B A G (S A A A
L BT IR eI, AT DL PR i ORTA A 53
B, 4655 A R

VEFEA 5286 % A ) DB-5 LTM AU 55 # 1: F
YAEH DB-624 LTM I oo S M (i Ak 24 70T o
PRRR 35 A 2 A A A IR AA A i A, B T % —
FH R[] — FR R4, LA W Jo i FH A b €5 1541 24 i
U . R 5L B, Fark, N
i H DB-5 LTM B %4, &1 1 S 44
Je R R bR e 1]

4
6
31 5
1
“{L |
2 4 6 8 10
t/ min
1—2; 2—HIZE; 3—2 0K, 4—u) B s—4F I,
6— AL

BRI AR i o
25 KMEXARLSARIR

Foe IR i AR B S U o2 1.3.2 il 45 2R 3R
Y RIIRHER AR DL A ki m (v ) h
WPALFR, HAp¥ B (x ) SRR bR, i/ N3k
PrRifE e RN R SAHCREL, UL 3 F5{E ML
A A LR R, 2 G PP R IR e i
BT Bt T TR AR S K R
TR 2,

R2 FRYSHESRBHE. EEB T &MEHFREMEHR

Ew {EREtE] /min FE R F/Da HiBHE R F/Da AT AR AL KR/ (mg - m”)
ES 2.77 78 77,51 y=2.62 x 10%x-2.27 x 10° 0.995 0.006
HOR 5.01 91 92 y=2.18 x 10*%-1.69 x 10° 0.996 0.007
LR 8.64 91 106 y=3.10 x 10*%-2.04 x 10° 0.994 0.006
RN [T oE S 8.94 106 91 y=2.23 x 10*%-1.06 x 10’ 0.992 0.012
AR 9.70 106 91 ¥=3.02 x 10*%-2.89 x 10’ 0.993 0.006
EN 9.76 104 78,103 y=3.24 x 10%-2.56 x 10° 0.994 0.006
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It S JEE 1 SR A A TR RIS

TR R B RS I 7 5 DT 55

7 5 A M B4 P e B G s AR AR5
JURh ST JEE A2 f e e K A R A v

p VTt E R bR

fii s e Sl LRI e 2R 8 B S ALHEDTSE

PR L AR bt I P s ke B TS

Tl bR AT

FALASAAZ It L A L A I R SEAC BRI ST
FIME GBI

IR R s e R ) AN T2 23 A
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AR N X B G EF B TS i = NE
9 M EEEF RIS

BB R
(B Tl 3 b TRFSE e, KHE 300180 )

HWE AR T 4R st b BABA S B FIRA S gk 2 4 F 9 e 45 L% (Na, Mg, Al K,
Ca. Fe. Cr. Zn. Cu) 9%, kiﬂ‘kt)ﬂnﬁigéj—“ﬁ—%éiifﬁk')”%k%ﬁ“”g\m?éﬁ%ﬁth\#fmﬁ&,«:\zfiﬁ‘?Eﬁxﬁ" S v AT
TR I TS e BRI P BT E R E R ABN R T AR — AN R R AT R E AR a A
BAR BEKEREERKT 10000 wg/mL &, 3T Zn 206.200 nm F= Cr 267.716 nm T & A é@xﬁsﬁwa% FE M8 Al
HARF e do T AR T B e Heik ) o5 ik A AR R BT ST T A G 4 BAR A B T RS R e Ak PR

BB R RAESAE
KEER wRBESFE TR g b 2B AR
HE S ZES: 0657.3 TERARIRAD : A N EHS: 1008-6145(2021)07-0047-05

Impact of neodymium matrix effect on the determination of nine trace metal impurities by ICP—OES
An Xiaojiao, Xu Mengtian
(Institute of Physical and Chemical Engineering of Nuclear Industry, Tianjin 300180, China)

Abstract The effect of matrix effect of neodymium on the determination of nine trace metal impurity elements (Na,
Mg, Al, K, CA, Fe, Cr, Zn, Cu) in neodymium by inductively coupled plasma atomic emission spectrometry (ICP—OES)
was studied. By comparing and screening multiple spectral lines, the optimal analytical spectral lines of each element in
neodymium matrix were determined. The acidity was studied which had little effect on the strength of elements in the
solution. The influence degree and trend of matrix concentration on the peak intensity and content of each impurity element
were studied. When the concentration of neodymium was less than 10 000 p g/ mL for Zn 206.200 nm and Cr 267.716 nm,
the absolute peak intensity can be used to avoid the influence of neodymium matrix without matrix matching. The research
on the effect of Nd matrix can provide guidance for the subsequent determination of trace metal impurities in Nd by
ICP-OES.

Keywords inductively coupled plasma atomic emission spectrometry; neodymium; metal impurity; matrix

influence
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An Xiaojiao, Xu Mengtian. Impact of neodymium matrix effect on the determination of nine trace metal impurities by ICP-OES [ J |.
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(ICP-OES ) #%. Mo st Wik sl Ot B ik
WA e BEAT BRI AT AL B, H A — 2% RO ER 1Y
D HEATINE , DRI 3 M A B R T A
AL L5 AT ; XRF WL 7EH# 0 S RHIF KA
PRI A Tz L B XRE ¥R A R

R, X TR Al R iR BR R TR B A A A SR BR A 5

NAA A BRI BE IR 2 A e R A5, T
HAE [R5 Z2 Rl +oC F i EA — PR, SR
P ASGER I Rl A 4 | 9 FH B 5, EL AT A S o
SRR, BAR A F 0 FURE i B9 0 TR s ICP-MS
7M1 ICP-OES LYy nl [alid il e ZFh 4 g oo %, B
ot BRAR A S 2 8. v ICP-MS ik i 2
A 5 ) R A AR AR R, T TR
IR B2 BT AR, ICP-MS ¥t AR
Mk RSP R ISR E S, — BT R
A S e AR TR 3 4

ICP-OES 72 ] [m] Bl 7 2 Fh T 2%, 43 B o JiE
e, I 5 LAk R T, )z R TR T
RESREETROME &R MR F & /6
WLk, A B 2 e R iR 2 Z 8 T4 AR
T4 2E B HLEE, ICP-OES ¥ FEAE7EY 3 T4k
T4 BB T R TR TR
FEVEA TR £ 03 42 I8 2% It — v il T
R IEAERG o0, & S 50RE SRS B VR R AR
b, T AL R AR PR A A T
— 7T, A 0 CEA AR B A, A T
Y= A= 1 [ SRR 2 20635 T ek, kI
H B R ST I, O B B R A TR R
TR, PR R T, R, B e 2
TR TP 2 B A UERE B R i it 1R, H 2 F
THRRIBSIEAE . RDGIEHT I & AR A K i
FELERR 20 E, B X o0 45 T 0 B H i it
TEAE R XER AT SR, s, AR X i 4% 5
TCR MR AR PEA TR ARG . SR, B
HIf i 61 = ICP-OES vA L rh il & & Jm 4 T %
F18) S5 A 52 i) P14 R S Rl R R e 8 6o fol i R R A%
|G OREn =AU TF 50 10 N3 K (S s e o 2 1D R s 1
VA VBRI R 5 0 T ) S A 4813 Y, T g ICP-OES
R Heh 4 R 24t &R Na, Mg, Al K., Ca, Fe,
Cr. Zn. Cu fIBFFE , BIRA AL LR 45 J0 2 1 R i
JERBLAE , Sy Je S b v I S IR AR A s
Beds T

1 SKIRFERS
1.1 ZFZNE LKA

HL SR B 4 B IR R SO %4 - iCAPT7400 AL
XN , 56 PR KRB A BR A A

4li7KHL: Milli-Q, 3 [ BR v 25 BRI A )

BHTR - st

El AR YA - 50 mg /mL, % 54 NCS147005,
A6 B A s R 4 AR A AT FRA R

9 Fh & JEm T RIR GRS - 7% Na. Mg, Al
K.Ca.Fe.Cr.Zn, Cu, JiS WA 200 pg/mL,
95 h NCS148070, b 5 AN B A w6 I B AR ey A
FRAH]

Na,Mg. Al K. Ca,Fe,Cr,Zn,Cu *pICEIrME
VST : BTt EE Y 100 g/ mL, AL TS BIHEA v Ao
AR IBARAT IR A F]

S FHAK ¥ R 2K AL H B 2K, L BH SRR /)N
T 18.2MQ - cm,

12 MEIAEEMH

S5 B AL J5 2 AR5 R : 166 ~847
nm ; K028 2 FARES CID  BAERIIE 115
kW 5 ¥ 2150 2 12 L/min, % 46 S 0.5

L/ min ; 70 REMBKS] TR 1.

®1 HEGTTRELMESR nm
LR (EAUSS TR RS
Na 589.592 Fe 239.562
Mg 280.270 Cr 267.716
Al 167.079 Zn 206.200
K 769.896 Cu 324.754
Ca 396.366

1.3 #7ix

i KB EHERR e R R T, A& T hn
VHEVA VBRIV o A5 Y T ) AU VA A T B S
L0 S 2 R T L B T

(1) 43 3FH 10.10.0 mL & B AR A —
24 50 mL 25, SR 5 FE U NCS 148070 Z 0 RIRA
FRUEZRWE 0.0.125.0.125 mL T A, IELL 10% #i
IR E 2%, Be il B 10 mg/ mL £23E4K 10 mg/mL
BrRAR S 05 wg/mL RS AR HERI.0.5 pg/mL
RAPRERW, A H

(2) 53 RSB BT AR HEV W 0.125 mL il
A—21 25 mL 285, 1553 50 A% B AR T T
0.5.1.25.2.5.5.10 mL A Z &, L 10% i
BHIR A 25 IR AT, Hl s RPN, Hp &£ & Bt &R
RN 0.5 wg/mL, B AR MR EE 4500 1000,
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2500.5000.10000 w g/ mL, FH 3k 43# il 5L 1A%
RGO

SR R 2 T A BORY A  R, & R
GG T BT BAC . T A BT 3 U i, B
SEIEAE N A
2 FERGiFE
2.1 ARBLETELESIIEEGF L

Xt 10 mg/ mL #FEAR (10 mg / mL E 3K +0.5
pe/mL IR EARMEEI L 0.5 wg/mL RS PRIEA
WTCR IR T . BA e R E#E 2~5
SRR HS TR N Bk L, IR LA Todlc it
PRI 2% G B AR 5 A8 4k, E I 2 45 0 R A1 4G
MK, o RREEL T, AR REE ST
SRR TTEREZ LN K, 25 K RT 1 WEARAE
FEARZ I LA S o B B, S 2 A IR,
B9 0055 . B ICR MRS T 1.

P 1SR IEAT 0T, B SRR X AR R 4 T R
BRI 5 B 5 AN [) , X6 ) — 0 2N [ 1 2 A 2 i
WA —2. FEOLBER M KT, B B Na, K.
Ca il Cu JCZR WEIR (55 W EF R (K KT 1), 1%
Mg. Al Fe. Cr Fll Zn WIAATEA [FRR EE M /EH
X S TR IR S0l (K /NVT 1),
22 BREAUEEE IR RN

Be il % 0.5 wg/mL £ JC R IR & br fE % .
10000 g/ mL EFARARA R, UAFIFREE (0%,
5%,10%,15%,20%, L4 L35 R AL LL ) i A R 22 2%,
IR IR P XL B AR, IR, SR8 T35 2.

F®2 AEABRETETEMNILLEE

I ARIRR LT B2k i RSD/

0% 5% 10% 20% %
Na 589.592 388619 384826 416201 421976 4.7
Mg 280.27 247231 247578 243407 244244 0.9
Al167.079 1300 1292 1233 1213 34
K 769.896 28958 27886 31490 31295 5.9
Ca393.366 2175790 2156839 2179008 2228704 1.4
Fe 239.562 7658 7137 7119 7150 3.6
Cr267.716 10339 10238 10053 10044 1.4
Zn206.200 15984 15183 14836 15493 32
Cu324.754 120826 120581 127325 123106 2.5

FH 2 2 AT, R B8 6] O 25 3 g i 3 T N K
B K JuZ4h, B n Z 15 0ER AR 0%~20%
(RIS R PN, 3 06 5 B 33k 5 RSD 91T LA 5% LR .
FESZ BRI, AT AR L 7E 0%~20% Y [l P &
BEEEITR R . 25 TR SRR bR it i A5 PR R
Je SRR H Y R B R 10% ARl IR o

23 A ARSI E S KR Wk

kg 25 5% el R AR VAR R R 3 R 1 ) TR+
ROV AN, b B AR B2 43114 1000,
2500,5000,10000.20000 wg/mL,Na Mg Al K.
Ca.Fe.Cr.Zn,Cu (M EYI R 0.5 pg/mL.

ST A TC RIS B NG, & B SRR
TCE G R L 1 & AR KR 1R, T
O U B B R A B T R TR A, S 2 K /N
T 1, A R R S , (AR AR R T RO [ 22
AR, TEECEER MR B /N T 10000 g/ mL B,
Bl AR T 0 i 2k 5 BE A4 1 P 2 S iy AT 43
h =2 (1) Bl LA R] ) 52 5 48 246 %o 5 3 RN 7
3R, 41 Na 589.592 nm, K 766.490 nm, Ca 393.366
nm. Cu 324.754 nm. Fe 239.592 nm. Al 167.079
nm ;( 2 ) Bl BE AR Mk B X o0 i 2k R ) 32 B R X 4
XF 5 B 5 W, 6 SR IR/, 40 Mg 280.270 ;
(3) Bl AR BE XS JU 2R 2 T 202 5 A 15 SO
FEN R AR B T, J0 R B R vk B2 /N T 10 000
we/mL B, 850 T K % 28 50 AR AL 5/, W Cr
267.716 nm F Zn 206.200 nm, 48 FeiAkuk BT
20000 pg/mL I}, Cr 267.716 1 Zn 206.200 i I
SR R B AT R R B R A I R A, I R A )
T2 B 5 I T AN ], BT DL RE 0 38 i A T4
AbPH, BRI, 2.4.2,
24 AFREEMZET AR LESEMNAG TR
241 HEEBON AT E A E R R e

ficfl Na.Mg.Al . K. Ca.Fe,Cr.Zn,Cu &)
}0.5 wg/ mL BRAARERTR, UL & 5555k
1000,2500,5000,7500,10000 FI 20000 g/ mL
1) R INEE W, TR HIAS B B AR 1) RN B AR
T, 2 IR E RN 2R TR SR v O BE 4351 R 0,01
0.2.0.5.1 pg/mL (FICHELHEMXERBIIKT
0.999 ). M 5 HAMH(0.5 wg/mL) AT L
8, I (X PR A8 A X i 22 Rl 253
e, JE [A)), MAEE R T3 3 fak 4, k3
FE 4 FHL, A SR A S AR E
A7 PR KA 22 , R X i 2 i A e B 19 5 T 34
K, 1k BH Al R Xt L R ) S e K. AR 3
H, Na, K., Ca, Cu JCE B9 B Bl 5 Sl FE Ak i
PIBERIMTIG R o X AEAE B AR TS 2 5 1 T
R, IR FH Bl B AR B 3 M , DA
N {1 Bt el R A 82 ) T I L AN 3R 4 s
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#*3 AEAHEBEFRETTEZSEMXER (Na. Ca, Cu \K)
LR / Na 589.592 nm Ca 393.366 nm Cu 324.754 nm K 769.896 nm
(wgemL) M/ o MR e B e o R g o
(pg-mL") (g -mL") (pg-mL") (pg-mL")
1000 0.429 142 0.566 13.2 0.957 91.4 0.442 11.6
2500 0.484 3.2 0.586 17.2 1.62 224.0 0.497 0.6
5000 0.568 13.6 0.675 35.0 2.608 4216 0.544 8.8
7500 0.654 30.8 0.756 51.2 3.505 601.0 0.581 16.2
10000 0.772 54.4 0.822 64.4 4301 760.2 0.691 38.2
20000 1.172 134.4 1.055 111.0 7.191 1338.2 0.711 422
F4 FEHEBEFRETTEZS=MNXER( Mg, Al Fe.Cr.Zn)
LR / Mg 280.27 nm Al1167.079 nm Fe 239.562 nm Cr267.716 nm Zn 206.2 nm
(ng mLXI) WA/ A2/ WA/ HDdm2E 7 WA/ HDWR2E 7 DA/ HDORZ2E S/ DRME S/ HIDiHmZE /
(pg-mL") % (pg-mL") % (ng-mL") % (ng-mL") % (ng-mL") %
1000 0.425 15.0 0.361 27.8 0.488 2.4 0.471 58 0.47 6.0
2500 0.393 21.4 0316 36.8 0.46 8.0 0.423 15.4 0.425 15.0
5000 0.357 28.6 0.275 45.0 0.417 16.6 0.36 28.0 0.369 26.2
7500 0.326 34.8 0.245 51.0 0.395 21.0 0.309 38.2 0.323 354
10000 0.304 39.2 0.221 55.8 0.371 25.8 0.26 48.0 0.283 434
20000 0.192 61.6 0.113 77.4 0.266 46.8 0.088 82.4 0.138 72.4
LR TATER 3 TSR 4 BdE, R I Y B AR
1000 g/ mL B, Fe. Cr. Zn I &A% HAR(E |
(RIRZETE 6% LAY . — Rl B R 7T 2 ?
AYSEIRER /N, R O] DAHERT , SR R AR AR /3
S v v 4 . 4
F 1000 pg/mL B, 75 J0 HAR G W 47 VG Bl s 75 5
BLARGHI 2 s ] R FH JC B AR i 2 T 7 ‘ ‘ ‘ ‘ ‘ 6
B MR S8 AR 2Z /N T 6%. 7 b FL (A v 2 R 208.18  206.19 20620 20621 20622  206.23
t/ min

#2500 wg/mL i, Fe n] 2K F 239.562 % £k il
TG Bl LA R R 2 2R A AR, 003 45 SR 25 7F 8%
LI .
242 Zn#8 Cr ot & Bk

2.3 WFFE KA 2 it B 114 52 G 42 3], %o
JCE Zn Ml Cr, i W4 XoF i i 7 FERFE w4/, &l
1 FIE 2 fiis, Cr, Zn WY R 0.5 pg/mL, &
AU 4351 1000~20 000 g/ mL.

2

3
4

5
6

T T T T T T T T
267.68 267.69 267.70 267.71 267.72 267.73 267.74 267.75
t/ min
1—Nd 47 20000 pg/mL ; 2—Nd %4 10000 pg/mL ;
3—Nd &4 7500 wg/mL ;5 4—Nd &8 5000 wg/mL ;
5—Nd & 2500 wg/mL ; 6—Nd &5 1000 wg/mL
Bl 1 267.716 nm P 0.5 wg/mL Cr bR
TERTA Nd & F RS S E

1—Zn &4 20000 wg/mL ; 2—Zn &>k 10000 wg/mL ;
3—Zn FHEA 7500 wg/mL ; 4—Zn FEN 5000 wg/mL ;
5—Zn FHE 2500 wg/mL ; 6—Zn FHEN 1000 wg/mL
B2 206200 nm JEK T 0.5 pg/mL Zn brfERIR
TEART Nd &7t Fiiggk E &R
FH LT L, SR FH G 3R i e Ay e X i B HE A T
m A, T S Zn T Cr W E N 0.5 weg/mL,
Bt B R Mk B 43531 24 1.000.,2 50050007 500,10 000
w g/ mL B RIS, TFEC B & S EAAR R
BV, FIVEARE M 2R T A hr v TR R B 435
4 0,0.1,0.2,0.5 F1 1 pg/mL, BT RL MM LR
7R 0.999, RIS il AR 0y & a8 T3 5.

x5 LIEEIBET Cr 1 Zn TESENIK
P EEARHRE / (g -mL") RSD/
- 1000 2500 5000 7500 10000 %
Cr267.716 0503 0499 0495 0493 0482  0.70
7Zn206.200 0.504 0502  0.503  0.502  0.495  0.30

2 5 AT, 4 B B AR MR B2 L 1000 wg/mL
Jt % 10000 pg/mL A}, Zn A1 Cr ¥ T Z /9 0 ik
(E X6 BT REAR, D6 BE B Ak B2 1, BPAER 3
W 2t Xof 5 | BRI A A — R, RIS
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B SR bR M AT R, IR AL & Cr
A Zn WJEYI R 0.5 weg/mL, E FLARHk A 20 000
pwg/mL PR G WA T I, T B e 2
1 RSD 43 W) R 3.7%.3.2% 5 24 HE AR 1k AR T
10000 . g/ mL B}, RSD #KTF 1%, —BHEMER
PERE E, SHA(Y 0.5 wg/mL B ANEEIT . i X)
T Zn F1 Cr JC R H 2% 4 e 1 A8 4k, vl DLy
Hi RSB SLAARR FE 1 s o TR 7R TE AR
MR, 2S00 A4 Tk B B e AR AR
PR A 1000~10000 g/ mL A, BT %4 5 B
HH 0.5 p g/ mL AR KA 2 , Hor Cr 267.716
} 3.6%, Zn 206.200 2k 1.0% , R 55 -
AR I SRS % 22 0Z ) T R HERf I . 7R
EUPE 0.5 wg/mL A9FEAE Fndr 0.3 wg/mL, If:
A ARV E g 7000 w g/ mL FEAT IR
R L 6 Fin . K 6 al LIE H, [BISCRTE 96%
DLk i IR
F6 Cr i Zn HMFRERIR T 5 R
JERHRE / (ug - mL)

S ! : s /%
® it W /%
Cr267.716 0.3 0.789 96.3
Zn 206.200 0.3 0.836 112.0

PRt , ZEELCEEARMR BN KT 10000 g/ mL B,
Cr 267.716 Fl Zn 206.200 7] 2% JE R FH i 424 X6} 588 Jig
HEATIE, AT ARAS e p M T
3 ik

FI BRI RN AR T Rl 9 P 4
JRICE ARG o 38 LTk LA S SR X ik 4
SR FE AR B E T ) ICP-OES 543k LA
BRI S X2 BT R R, JF 55 T IR
XPTCR MR . FEL5BUT

(1) 3 i 354 i ik , 15 3 45 70 2 i HL Y i 2k
7532k Na 589.592 nm, Mg 280.270 nm, Al 167.079
nm, K 769.896 nm, Ca 396.366 nm, Fe 239.562 nm,
Cr267.716 nm, Zn 206.200 nm, Cu 324.754 nm ;

(2) R B2 X Sl BEAAR VA W v 4% J0 2R 9 J3E 52 M
N AR TR AE 0%~20% F 7 i P9 1E 4 5

(3) B FEAR MR EE B JF 4538 K Na, K. Ca Fl Cu
JLE WIE(E 590 Xt Mg, Al Fe. Cr il Zn W77
TEAN R AR B (A R H 5

(4) BHIBEAEWEEAKRKT 1000 wg/mL i, %}
K 766.490 nm . Fe 239.562 nm. Cr 267.716 nm #11 Zn

206.200 nm JGE A] R HICEARIE M 2k B A T

i, W G5 SRARX s 25 /N T 6% Fe JUR TR LB

WS AT 2500 wg/mL i}, 2R 239.562 nm %

LRANATHEA TR, s SR 25 7E 8% LA 5
(5 )TERCHEAAMR S 1000~10 000 g/ mL i,

Zn 206.200 nm 1 Cr 267.716 nm & J 1% i 46 %) 54

JEE T A R AR ], AEDOH 22 43 51 h 1.0% A

3.6% , bR [ WA 58 A K

A
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(4] FEsi, R sKGERI, 5 5 LA B e 1 B AT
[ LRI E [ 7] 76 1-,2005,26(4): 36.
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26 PR EZ TR [T ], ke, 2011,30(8): 39.
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BRE, B, T, Binid, iKEis
(P AL IR AT IR ) YGRIACDT 572600)

HE Z3TBTFEEENEAEPRE TN E, RAEHES 1 gETEhY ¥, 2550 CHE¥RE2,
AP 10 min 5 €5 £ 100 mL B2H T, KA BT AT Rk TN E . 28 Fe R REAL 0.20~1.00
mg/LiEE NG &b mmE kX A RIAF, ME R HH 099991, % kA H k4 0.008 mg /L, &M 0.08 mg/L,
M 2R ATAR BB E A 1.7%~2.9% (n=6 ), F AR =l E H 90.0%~96.7%. 5 GB /T 14571.5 P e 7= it
RO RAA, T B AP R R B TR R AME G R A RS T oM EREREL S, TAT
AP R BT AN,

KR AW R BT BT AR SRR

FE 452 S: 0657.7 ZEkARIRAD: A N EHRS: 1008-6145(2021)07-0052-04

Determination of chloride ion in process refrigerant by ion chromatography
Zhou Qingying, Zhao Jingjing, Li Fei, Jia Ruibo, Zhang Jiantao
(China Blue Chemical Ltd., Dongfang 572600, China)

Abstract An analytical method for the determination of chloride ion in refrigerant by ion chromatography was
established. 1 g refrigerant sample was burned at 550 °C for 2 h in Muffle furnace, boiled and dissolved for 10 min, and
then the sample solution was measured by ion chromatography. Under the optimized experimental conditions, the mass
concentration of chloride ion has a good linear relationship with the peak area in the range of 0.20-1.00 mg / L, and the
correlation coefficient was 0.999 91. The detection limit and quantitative limit of chlorine were 0.008 mg /L and 0.08 mg /L,
respectively. The relative standard deviation of the determination results was 1.7%—2.9%(n=6), and the standard recovery of
the samples was 90.0%-96.7%. Compared with the analytical results of dissolution and dilution method in GB /T 14571.5,
this method can eliminate the impurity ions in refrigerant and convert the organic chlorine into chloride ions. The analytical
results have higher accuracy and can be used for the determination of chloride ion content in refrigerant.

Keywords refrigerant; chloride ion; ion chromatograph; high resolution
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Determination of bisphenol A and phenol in by-product sodium chloride of synthesis of polycarbonate
by high performance liquid chromatography
Dong Baotian, Feng Qingxia, Gong Bin
( Luxi Chemical Industry Group Co. Ltd., Liaocheng 252211, China )

Abstract A method for the determination of bisphenol A and phenol in by-product sodium chloride solution of
synthesis of polycarbonate by high performance liquid chromatography(HPLC) was established. A C 4 column(250 mm x 4.6
mm,5 pm) was used. The mobile phase was acetonitrile—methanol solution and water (volme ratio was 54 : 6 : 40) with
the flow rate of 1.0 mL /min. The UV detection was performed at 278 nm and the external standard method was used for
quantification. The mass concentration of bisphenol A and phenol had good linear relationship with the peak area in the range
of 1.0-8.0 mg /L, the linear correlation coefficients were more than 0.999, the detection limits were 0.025-0.050 mg /L.
The relative standard deviations of bisphenol A, phenol were 1.33%, 1.48% (n=6), respectively, and the recoveries were
99.65%—100.05%. This method can be used for the rapid determination of bisphenol A and phenol in sodium chloride.

Keywords polycarbonate; sodium chloride; bisphenol A ; phenol
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FURRTF & IS 25 FhITE
XS T4 B IE

RE, X T, RS, ¥ RX
(B Tl HE TR 5B, K 300180)

RRBSEE

HWE AALRBEFETFRRTASREEZSINT 25 AL ETHGRETHRALRE, ©EAMSESSH TR
BT K Sk RN A P AR AR AR T, 8L T3 A Sk, L AR 4B AR A5 S 25 Ah LB
B LA T IRE LBAT T 047, SRR B A E N TH A%, LB ZAREN R GBW 01305 A4S, Al A Z 5 kst i
B E AT RAT T RALE M, M Z L5 RMR 2 W 2.9% B £ 02%, T vhiZ 7y ik AREST R E A a3 L £
KT I F VAR,

KR BT E; B RARA

FESES: 0657.3

F B TFIRRT RS k% T3 TR A0k
XERERINEG: A XEHE: 1008-6145(2021)07-0060-06

Analysis and correction of spectral interference of 25 elements to phosphorus
by inductively coupled plasma atomic emission spectrometry
Zhang Xiaoyan, Guan Ningxin, Zhang Guifen, Cao Kunwu
(Institute of Physical and Chemical Engineering of Nuclear Industry, Tianjin 300180, China)

Abstract The spectral interferences and their correction of 25 elements to phosphorus were analyzed by inductively
coupled plasma atomic emission spectrometry(ICP—OES). Spectral interference exists in the determining of phosphorus
in samples by ICP—OES. The interference coefficient method was used to analyze the spectral interference of 25 elements
such as strontium, boron, aluminum, silicon, calcium and strontium to phosphorus, and the interference coefficient of each
element was obtained. The phosphorus content of GBW 01305 was analyzed by spectral interference correction using this
method, the error decreased from 2.9% to 0.2%. This method can be used as a basis for correcting the spectral interference
phenomenon of phosphorus in different materials.

Keywords phosphorus; ICP-OES; spectral interference; interference coefficient method

H R A S 3 PR B F R BT C 5 (ICP— nm 2" i, 177.434 .178.287 nm Ab T £4MX

OES ) /& 20 it 22 60 A% SR Sk 19— R i 7‘6 PRI (Al T, 75 e 2 2l O
G BATRH BRAR Z G 08 AR A R AR BEAT R I Wed , DAHERR == <P S T,

B v AT T 2 oC R RIS R A R Pkt ff
SERERL TEABL T FREE AT AT AR AR A
A HA T Z R,

Fi|F ICP-OES 7£ X8 ( P ) T b4 1 A,
WA TER A 177.434.178.221 213,617 .214.914

MR HE T 7l AR Hhtﬂﬁﬁ%ﬂi«iﬁﬂ“ﬂim;
213.617.214.914 nm W JC 75 #4704, (H Gk 0 B
FHXTAAR, ek TP e B 2%, i o 5 et
RRAETELES, T AH TP REOIE . MSF & IE
)7 R BT AR, U HY RS R P TR

BIEEE  SKIEe, UL OPTAE, TR, F2EBE5E05 1 AR M AR 58 734

HEHEHE 2021-05-28

SIAMESC  skmee, T HT, BT, 45 L RO A R RIS T R DGR E B R 25 FOTER BDLIE T RIURGE [T ] AbsA i, 2021,

30(7): 60.

Zhang Xiaoyan, Guan Ningxin, Zhang Guifen, et al. Analysis and correction of spectral interference of 25 elements to phosphorus by

inductively coupled plasma atomic emission spectrometry [ J |. Chemical Analysis and Meterage,2021,30(7): 60.
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() 2 e A 7RI it S Wk B L ), 2R T R 15
LE ST P LR MERI & R,
JH} MSF #1341 %} Fe, Cu X} P #EA74E 1 1Y SCHkE
Zt 2 A AT RE A 7E 09 T B R AT
A T HE A B SC kb AR A T TY 170
ULTRACE #4585 1K & 5 iS00 23 Fhoc = i
17 7 ST IR T A B AR X P
TEE, RS IRIS A 1000 % H A 28
FAR K FHEREAULE T Mo Al Cu XF P (1) T4 52 00
AT TS, ARX H B IR Tl

EH P TI R E0E, K8 (Be ) (B ). B
(Mg ) $R( AL FECST ) E5( Ca ). Bu( Sc ) BR(Ti ). 1L
(V) #%(Cr) i (Mn ).k ( Fe ) 54 ( Co ) ##(Ni )i
(Cu) B (Zn) B ( As). #2(Nb ). %H( Mo ). % (Sn ),
B(Sb). B1(Ba). #( W) H#(Pb). Bi(Bi) iX 25 F
JLEX P OL R OGS TG AT T A, A
HIUR THARE . A JERES AT TAE AT At
ARIERTE S P i AN OGS TR IE
1 ZWHES
1.1 E&AE 5K

F SRR A 45 B IR s R B 1% (ICP-OES )
1% : Optima7000DV %, 3¢ [ F1 435 /R BN ] -

25 PR T R AR ME % 5 W : Be (GSB 04-1718—
2004 ), Mg ( GSB 04-1735-2004 ), Al ( GSB 04—
1713-2004 ), Ca ( GSB 04-1720-2004 ). Sc ( GSB
04—1750-2004 ). Ti ( GSB 04-1757-2004 ).V ( GSB
04-1759-2004 ) .Mn ( GSB 04-1736-2004 ).Fe ( GSB
04-1726-2004 ).Co ( GSB 04-1722-2004 ) .Ni ( GSB
04—1740-2004 ).Cu ( GSB 04-1725-2004 ).Zn ( GSB
04-1761-2004 ). As ( GSB 04—1714-2004 ). Sb ( GSB
04-1748-2004 ).Ba ( GSB 04-1717-2004 ).Pb ( GSB
04-1742-2004 ). Bi ( GSB 04-1719-2004 ). B ( GSB
04-1716-2004 ).Mo ( GSB 04-1737-2004 ).P ( GSB
04—1741-2004 ).Si ( GSB 04-1752-2004a ).W ( GSB
04—1760-2004 ).Cr( GSB 04—1723-2004d ).Sn( GSB
04-1753-2004 ), Nb ( GSB 04-1739-2004 ), & JC %
JEE A 1000 mg /L, LR E 54 €48 M
B 2o TRIL N7 A RS

A 2 WE R — R Y i %5 GBW
01305, 163 4 Tk i L1 R R B BRI 53 T o

PILEAEW: 1 mg/L, fH 1000 mg/L ) PJC
FIRUERE AR 1000 £

ARLEIK : 18.20 MQ - em, i I [E FEER G /R

H) 4277 ) GenPureProUV-TOC #8417k 240 15
1.2 kg TAEE&AMF

SFEAR T R 1300 W3 T AR SR Ar, 4l 5
99.996% ; # S i Hr: 15 L/ min ; 4L 7 0.80
L/min ; 5B : 0.2 L/ min ; BE80Z8 W E: 1.50
mL /min ; W ES . 14.7 mm
1.3 P %

P bR e )7 GB /T 20125—2006 H () T
Po R BOE O AR A ADEE TR B, 3
IS TR IE R AL, B Y TR TR i O
1% B AH 5 B9 o0 28 1 i o 53 40

535 15) ICP-OES {5 A 47K .1 mg/L 1) P
JCEIAEWCR 1000 mg /L 9t o0 Z %, T 5E 15 I
TCE ML LARTREE ; DL 1 mg /L 15070 I 1)
2 %57 5 B O 2 R K YR B A5 B A AT R L
PL 1000 mg /L T I0 2V IR 04 48 % 568 5 ok 2 e 40
IR A5 B TR EE 1, 5 SReFK (D) AT
Pere IE R0 L, B0 1 mg /L FHEICZE A S 195341 oT
EHWE(mg /L) .

lj = L

1, X 1000 1)
Kb [—— TP E j A RFINOCR B T A E
EY ¢
L— TR, cps ;
I ——V BT, cps.
TR EOE SRR THOT R M TR
Je o BT A0 2 A S i AR O R IR S 4%
(2) TR T 2R B i SE PR fA
wy = WM—ZZJ-WJ (2)
o s w0 PRI T T BB, %
wy— I RN G ER B o EO e (A, % ;
[—— Ttz j MR R DG TR E
EX 8
w——iR T T E § TR EL %.
FIFZ T 20 BT HE 25 FPon XS P TR W
ISR IE R AT LT R, i HOG S R
ik TR U A
2 #R5ite
2.1 25AF A TR AR
MBI B 22 5 RAUER s, Ju R 40t
A A B AT RE 23 7E B U 50 e & A A/ R
oo HILSER 1000 mg /L 4 P HICEbRIERE &R
F A ICP-OES 1%, LLUE M A UG P G R 434k
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WK R G L&, &P 213.617 nm FFAE 2 Hr 2k
%% 213.620 nm,214.914 nm FHE /T2 IER 2
214.917 nm.

WK AR K (1 mg/L ) P BT RIE W UL &
1000 mg /L [ 25 Fl o0 2 B0 R AR MEfE & W5 A
ICP-OES 1Y, 7F 213.620 nm #1 214.917 nm P 45 fiF
R a e HINWAERE 5 s T s ML WAL E S| i

F2 B MEESHERERTHRR

213.620 nm 4t 214.917 nm 4b

R e ops TIRAR FOGNEIE ops TR
p 937.1 - 290.7 -
Be 41.6 4.44x107° 182.3 627x10"
B 83.1 8.87x 107 90.3 3.11x10™
Mg 1352 1.44%x10™ 56.7 1.95x10™
Al 935.6 9.98x 10" 4212 1.45%x10°
Ca 41 438x10° 113 3.89% 107
Sc 67.2 7.17x 107 94.1 3.24x10"
Ti 248.8 2.66x 10 97.4 335%x 10"
\ 1089.9 1.16x10° 4742 1.63x10°
Fe 117.3 125%x 10" 352.8 121x10°
Co 137.7 1.47x10™ 90.5 3.11x10™
Cu 26894.9 2.87x 107 2800.1 9.63x 107
Zn 1975.7 2.11x 107 246.9 8.49x 107
As 49.3 526x 107 71.1 245x10"
Nb 1147.1 1.22x10° 1574.5 5.42%10°
Mo 1216.7 1.30%x10° 1359.7 468x10°
Sn 36.4 3.88x 107 269.7 9.28x 10
Sb 563.3 6.01x10™ 81.7 281x10™
Ba 323 3.45%10° 74.5 2.56% 10"
W 887.9 9.47x 10" 6816.6 234%10°
Pb 75.3 8.04x 107 58.4 201x10"
Bi 427.4 456% 10" 114.6 3.94% 10"
Si 1069.9 1.78 x 10 321.6 458x10™
Mn 190.5 1.06x 10 1472 1.67x 10"
Ni 113.3 1.51x10™ 53.8 2.15%x 10"
Cr 161.6 1.10x 107 69.1 3.58% 10"

A T AR S A AR A Bk, A — T e = 7
RS T R A A 22 5. A PRIE Y v
Wik, TS B S UG & T Pioe R TP R AL, FExT
FEIEE Sy P TR KM E AT TR
22 T AEHCH 102 FBGTHAEBLESH

WRiEE 2, FIARBN 107 B THICEA
24, —J& Cu JLEX} P JLE 213.620 nm 43 Hr £k 77
TEE T, R WILEX P ICE 214.917 nm 47
W& fete /™ E T4k

Cu JLETE P 213.620 nm &by~ A= i G3E T4tk
5, WA 1 iR . Cu JCERFE 213.597 nm A A 7E —
SR AR 2k, S 1 iR Z, S ik 04 TR Y1 R A
K, SBOLE R P ot R M/ME g 2E w, HIL
FLER e W T B Al K ILLR , T ™ .

P 213.620
Cu(1000 mg / L)
Al K FE2k P(1mg/ L)
213.521 213.620 213.716
P / nm

B 1 CufE P213.620 nm 2 G EE
W ICEAE P 214.917 nm Ab 7= A= 19618 T4t
Besm, Gl 2 Bk, W JCHRTE 214.915 nm ALfFAE—
FRFHIE A BT 2R, e i 3R Z, 5 P G R UMY
TG S, HHILL W N TRk L,
TR

P214.917

W(1000 mg / L)

N —
P(1mg/L)
T T
214.815 214.917 215.015
P / nm

[#2 W 7E P214.917 nm 4bAGiE &l

23 FIAHKA 10° TR FIHRAEALENIH

a2, FIARECH 107 BRI RA
8. THLRECHK 107 EY, M ICRHIERER
W &R T 1% B 2282081 P Tk
A (2) e

IR GBI G & B, V. Nb., Mo, Cr X} P
213.620 nm [+ LI &% V., Nb X} P 214.917 nm (1)
T T 0 R I R R L I Pl 1, O ]
W 3~ A 8.

P 213.620

V(1000 mg / L)

ALK KRR P(1 mg /L)

T 1
213.620 213.716
WK/ nm
K3 VAEP213.620 nm AL AGIE R

T
213.521
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P 213.620

\/\M Nb(1000 mg / L)

i 1
213.521 213.620 213.716

RaliK Lk

¥K / nm
[#1 4 Nb 7E P 213.620 nm &G E
P 213.620 Mo(1000 mg / L)

wu

I I
213.521 213.620 213.716

WK / nm
K5 Mo fE P 213.620 nm AL F)GRE R
P 213.620

I |
213.521 213.620 213.716
P/ nm

%16 Cr7E P 213.620 nm A AYGTEK

P214.917

L V(1000 mg / L)

%& o Fme
P(1 mg/L)

| I
214.815 214.917 215.015
WA / nm
E 7 VAEP214.917 nm AbROGIE K

Cr(1000 mg / L)

W

ALK
P(1 mg /L)

P214.917

J Nb(1000 mg / L)

ww)\_

I
214.815 214917 215.015

Wk / nm
% 8 Nb 7E P214.917 nm ZbAyGIE A

&l 3~ 8 8 A%, V. Nb, Mo Cr &K 1E P JC
RFFEIE R AL L LY 5B Ak LR ETE 22 54N
KB TELAREAT &, THOTER A S G L
I

Zn X} P 213.620 nm ) T #f LA J Al Fe. Cu,
Mo X P 214.917 nm AT A AFFEFE L m 1) A
RN TRITER B 5 0GRk i R 2
S E UL 9~ & 13,

P 213.620

A

P(Img/L) AR BELL

Zn(1000 mg / L)

i

I
213.521 213.620 213.716

Wk / nm
€9 Zn {E P 213.620 nm Ab i GRER]
P214.917

AL(1000 mg / L)
M LK HEL
W

\
214.815 214.917 215.015
W / nm
K10 Al7E P214.917 nm AbFERE R

N

!
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P214.917

Fe(1000 mg / L)

P(Img/ L) JBAIKEEL

1
215.015

T
214.917
W/ nm
11 Fe 7 P 214.917 nm AbERER

[
214.815

P 214.917

Cu(1000 mg / L)

P(1mg /L)

R Al K Lk
-

214.815 214917 215.015
P/ nm
[# 12 Cu fE P 214.917 nm AbHGiEAl

P 214917

Mo(1000 mg / L)
P(Img/L)

AR RELL

M

I
214.815

214917 215.015

Yol / nm
¥ 13 Mo 7E P 214.917 nm AL G &
T ] 9~ & 13RI, bR T SEE R I 52 22 A1
Zn X P 213.620 nm [ T-#L A S Al Fe. Cu, Mo *f
P 214.917 nm TR W AFAE THCR A BRDLRE
Ml 7, SR AE P UG ERFRAE I A A A A IS A AR R 5 R
FUE TR0, SECT AR G s EE S T P T
RINFFIER AL
24 FHEHA 10 Z10° FHHTFHRAERL
ST
MR 2, KA THTEN TR RESI N
10° &% 10° m4. THRECH 107 |4, YTk
JCRTEAE MW B & R T 10% B Rs 225 9% 00
F4F P T IE A (2) i, TR AN
2.5 RKFEMBHEXETHTHRAESHE
R d &I, Mo 213.606 nm., W 213.639 nm .

Fe 214.919 nm AR YL 7E 7000DV Y % 534U Y
WinLab32 3REL I, 23 T TR I &) 1%
200, PR SRR S AEAE Mo, W Fe BT BLRF
FRERIX 3 ZouR TI&pym.

DLW 213.639 nm 4 4, H /£ P 213.620 nm 4t
A EIE ANl 14 iR, B & 14 ATHL 7E P 213.620
nm A 213.639 nm Ab, W B CEARifEA R R
TN, Ui 213.639 nm A W TR F4FIE 2 HrLk .
W A TR A B2k K L 213.639 nm 15 I AR G B
T PIUCEMEE, LN TP, 7E 7000DV # %k Gt
AL B AE R WinLab32 H Ve $E R A0 2% 3k 4
JEFTISCSR 438 W TR 4k, nT A 2 40556 247
25 W 44k 213.504 nm, 55 248 50 & 213.715
nm, fHIfR B W 213.639 nm 43 HrE (OAELE , T4
BEE.

P 213.620

P(1mg /L)

W(1000 mg / L)

f !
213.521 213.620 213.716

el / nm
[# 14 W £E P 213.620 nm Ak i3 &

2.6 5 HTEAH

DUIR A 4B E ZAREY) BT GBW 01305 S,
HAITCRPMEES T2 3,78 P 214.914 nm 4b%} P JC
RO T, AT RAME TR L, 15 345
JCEN P I THLRE 459 T3k 4. Hrp Sio N+
HRECH 10° B EEIIE 1% DT, Al 28R

%3 GBWO1305 ST EIRERE %
Si Mn P Ni Cr Cu Al
0.59 1.79 0.089  0.020 1.03 0.46 0.59
x4 THEH
Si Mn Ni Cr Cu Al

3.77x10° 1.85x10* 1.15x10° 2.50x10° 5.22%x10° 1.39x10*

SEATRREL 10 45 GBW 01305, L Fe JELAARDCT ity
XHH P & B - 700, 25 R T4 5.

£S5 GBWO1305 P EENER %
. NI BIERT T KOERE
FrfEfi RE A Vi ahh PEE

0.0904,0.0898,0.0898,0.0940,
0.089 0.0926,0.0915,0.0906,0.0919, 0.0916 0.00284 0.0888
0.0941,0.091 6
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H % 5 045 A OE R AR Y P 5 it S bR
Ho 015, WA R AR 22 H 2.9% K2 0.2%,
R B AR T
2.7 APEELE KT RA R 2L

Cu X P 213.620 nm FFEJE K . W X P 214.917
nm FFEAEJE AT w107 % Wi,
MR AE S P AEAE Cu HLRTEAE W IE, AT 2E % P
214.917 nm VER P JCR ST 4 SR i A AE
W HAFEFE Cu B}, ] $% P 213.620 nm /ER P T
FOHTLR; A Cu Al W TR A AE , I SR
RECF AT

PR 107 29 8 Mo R Gt
P 213.620 nm 7 T3: V. Zn. Nb. Mo. Cr ; X} P
214.917 nm f£7E T4k : Al. V. Fe. Cu. Nb, Mo ), 1,
T AR RIS i rh 2 A A B sl LR T4
TCE R P TR AT, A T R4
B TIEE

T HE Ty 10,107 90 4T
R, BIRZ AN T m i/ B SRR IURE & P
JCER SR BRI, N RIE P AERR I S, TR 4 A
TUFE S L0 B A —HIW R S 2 A+
PERBOL A TRLE .

Mo 213.606 nm, W 213.639 nm. Fe 214.919 nm
=TI ARWGELE 7000DV B &SGR 1548
FErb, Ho R T 45 S50 3 BT SRS AL K HARAE
AT TS A AT BEAEEAN ], PRUAEXS B G R
ARG I S 55 R PR RS 2R A MY TPk

FEXT S BRRE S AT AT B, B S A R 2
75 e 2 R FH AR VG v T B JEAAR T4, 43 B st T[]
% P Y 213.620 nm 1 214.917 nm #4314k
AT P i B , I [R] sk 5 e 5 i K 9 ot
Z LI Cu, W, Zn ., Fe %5 MR THTES
T R TR IR B 55 T TR R
3 45iE

R & 8046 Be . B. Mg Al .Ca.Sc.Ti.V,
Fe.Co. Cu, Zn, As. Nb., Mo, Sn, Sb, Ba, W, Pb,

Bi. Si. Mn. Ni, CriX 25 Focg x4 P TR ADGIET
PAGOLHAT T 501, 1R ICP-OES JA #1753
G3HT TAERE, AT LU ARHE XA [RIZE IR G v PO
R T LA IE

S & 3 ok
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SHEBIEERMNNERSBRP 7 FHEEX

SRl AOHS L R E L, IFRR L E

(L INARA T ERAT B, Trm 250014 5 20 INARAR KA, INARZRE 271018

41 33
y =14

WE AL T AAEFEN T T 8P AR A ROR A AR AR Al R R AR AR RO R AR R ROR AT AR A
K2, 4- ZAE I FOR T AR AN R R IRA R M Ty ik L R Rxt-SMS A 354 (30 m X 0.25 mm,0.25 pm ), & E A2 FHHiR,
1% 8 FID #i 35 BRATM R, 54T T 7 FPAE AR R 64 &80 @ B ia) 5 ALK 69 X & o 7 APAE AR 2R EAE 10~200
wg/mLEE NG & idmRgr X R RAF, MR RAI KT 0.999, 7 kA H R A4 0.003~0.007 wg/mL, ME 4R
Y AARTAR AR E A 0.62%~4.03%(n=6), S AR B E A 95.7%~101.4%, %7 =& A T E2REE b o R

KR AR At gk e

FESES: 0652 XRAFRIRED: A XEHS: 1008-6145(2021)07-0066—04

Simultaneous determination of 7 nitrobenzenes in mixed solutions by gas chromatography
Guo Bo', Zheng Peng', Lu Minghui’, Xu Sisi', Huang Chunrong', Lyu Shang’
(1. Shandong Institute of Metrology, Jinan 250014, China; 2. Shandong Agricultural University, Taian 271018, China;
3. Shandong Academy of Environmental Science Limited Company, Jinan 250014, China)

Abstract A method for the determination of 7 nitrobenzenes in methanol by gas chromatography was established.
Rxt-5MS column (30 m x 0.25 mm, 0.25 . m) was used. The relationship between chromatographic retention time and
physicochemical properties of 7 nitrobenzenes was analyzed. The mass concentration of 7 nitrobenzenes had a good linear
relationship with the chromatographic peak area in the range of 10200 g/ mL. The correlation coefficients were all more
than 0.999. The detection limits were 0.003-0.007 g/ mL. The relative standard deviation of determination results was
0.62%—4.03% (n=6), and the recovery was 95.7%—101.4%. This method is suitable for the determination of nitrobenzene in

3R HRBE I TRA IRAF] L TFR - 250013 )

environment.

Keywords nitrobenzenes; gas chromatography; environmental testing

i ( nitrobenzene, NB ) 5451 H— SR
TR A BRI G , R C R A AT
AR, A I AVRRIR SR . AR —Fh
FEA A TR Rl 7z 0 T T2 R
S BN MOARARI AT AL, W HA R A
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SR AT HE ST T [ s G 00 408 i 6 SR | T i
SR XS EESEUR AP SR R RO O
FH 2, 4- THHFIEFR 7 FIHIEAR M A ETE Tk
1 SCIGERSY
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HLF R 1 : AE200 AU JEGE{E 4 0.1 mg, Fit-
HERFE A F]

B K 2 : CPA225D A, JEE{H 4 0.01 mg,
KEFEZHIAH]

e e gitali, SEE B A

SRR AR T N 99%, 12w Mk Ak
2R A

[ i 5 SR T i 40 R 99% , T B A8 b B
YRR AT,

IS BB 99.5%, 132 sibfib
2R F]

B AHHEEIR : BRI 99% , K EBR LA F

[ A RO B i A BN 99% ., 1T R A bR AR
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X A FEOR B 99%, H AR AR Ak Ak
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2,4- ZHHRREOR : B o EOCh 99%, PUAK DI
A ) AR AT,
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12,1 ERH %

FREEFE 2R AR et T4 ik
5 TR = Sl BRI e TR RS b TR R,
25 o MR R T A FEURN 7 T s 4l Y i A 2 v o 4
FE T 7 RS RS I B AR i (mg ) 47
BT 710 R 12 B = NI 1 N 12 B = NI 12 - = N L4 1
RGO AR AR AR 2,4- TAHEA
2 0.05050.,0.05030.0.050 44 .0.050 82.0.050 70,
0.05062.0.05130 g, 8 F /I B2 %5 i ) % % & 250
mL A EE S . Bl H B 7 R ERR A
L RS B~ S/ QN [Tt 1B~ &7 N6 B B - & IR 9 1 B 8
SR ISR XTI AR (2,4- AEIEERM
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min ; PEREIRFL 2.0 WL ; PERE TR . 260 °C; i
JERE : WILARTEIE 60 °C ,444%F 3 min, L 10.0 C /
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1:49,
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2.1 &EARyikE

Rxt—5MS e AT oy 55 M 1 o i A, JH T o AH
5% ZRFEY 95% —HI FE R AR A b ACHK B AT
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[ 2 AR SR G W HERS , Ak & PR AR A — IR S
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R B A i R 7 0 5 v SRR Y THR
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X T [l SR AR B ) B 7 PP SR S =2 1)
e/ N B E IR R S5 R L 1

1 FRERRELER
FHEEF / (°Comin ) (REINTEL/ min ZHH ]/ min /NGBS

5 16.12 37 2.53
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FHEHE A 10 °C / min B, 16 2 5% 16 58 4243
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PO ISE - 57 15.713 173 299 154 1.57
] —filHEA 16.055 89 301 150 1.57
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[IEE SN y=1068.98x+170.40 09990  0.006
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R4 FEERRER
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ek N s i 00 04
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] AR 10.00 9.87 98.7 1.78
15.00 14.85 99 2.01
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15.32 15.52 101.3 0.62
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WE L BALEN T F R P A LRI T ik, E AP B AU ROCR R BB AR R T A,
ET25mL k& & P, mA20mL K, HILEETETHRG R T, T 25 CREBIRD EFEAIRY | min, 5874k AR E
HM R 69 pH AR, P = AP B AR (L ABALAAH ) MR B R R, E ke B TR A 0.001 mg/m’, &
B AN W B AR 0.05~1.00 mg/m’ 4956 B A, e AR S F A 84.4%~90.4%, M 5 45 R e AR AR AR £ T
5% (n=6). %7 =& A T % WIS A vk AR e

KB F IR BRI WALk

RESES: 0657.1 XEAFRIRED: A XEHE: 1008-6145(2021)07-0070-04

Determination of basic gasoloid in closed environment air by potentiometry
Chen Peihong, Zhang Hongbin, Wei Guihuan, Yang Pin, Long Qingyun, Shang Yi
(The 718th Research Institute of CSIC, Handan 056027, China)

Abstract The method for determination of basic gasoloid in closed environment air by potentiometry was
established. The basic gasoloid in the air was collected onto the filter membrane, the filter membrane was cut and put into
a 25 mL colorimetric tube, 20 mL water was added, the colorimetric tube was put in an oscillator, and vibrate violently in
constant temperature oscillator at 25 °C for 1 min, used an acidimeter to determine the pH value of the solution immediately,
and calculated the mass concentration of basic gasoloid (calculated by sodium hydroxide) in the air. The low detection limit
of method was 0.001 mg/m’, the recoveries was 84.4%-90.4% with repeatability less than 5%(n=6) for the concentration

of basic gasoloid in the concentration range of 0.05-1.00 mg/m’. The developed method has potential in the determination

of basic gasoloid in closed environment.

Keywords closed environment; basic gasoloid; potentiometry
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TREITIR . B, 2 AR S AR I ) R
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TR YR 2% : SHA-B BY N LR A gl i
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TE 25 CHISRMET  ARIEFGE W pH 1 5 &8+
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s 9.25 142 94.8

9.24 139 92.7
2 9.51 259 86.3
9.54 277 92.5
% 10.01 81.9 91.0
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Calibration method of biochemical oxygen demand meters with microbial membrane electrode

Jia Hui, Xu Jianjun, Shang Mengfan
(Henan Province Institute of Metrology, Zhengzhou 450008, China)

Abstract The calibration method of biochemical oxygen demand (BOD) meters with microbial membrane electrode
method was discussed. The main calibration items and technical index include the indication error of BOD was not
more than + 10%, the repeatability of BOD was not more than 10%, the timing error was not more than =+ 3 s, and the
temperature indication error was not more than +2 °C . The BOD meters made by different manufacturers were calibrated,

which showed that the method was feasible, and the technical index requirements were reasonable. The example of

uncertainty evaluation of calibration results was given to provide reference for uncertainty evaluation.

Keywords microbial membrane electrode; biochemical oxygen demand; calibration; indication error; uncertainty
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Evaluation on uncertainty for determination of fluoride in certified reference materials for
composition analysis of garlic powder by diffusion spectrophotometric
Wang Lijun, Zhang Ming, Chen Xiuna
(Application of geology and mineral resources test center in qinghai province, Xining 810008, China)

Abstact The uncertainty of determination of fluoride concentration in certified reference materials for composition
analysis of garlic powder(GBW10022) by diffusion spectrophotometry was evaluated. The uncertainty of fluoride test
results came from six components, including standard solution value, standard solution preparation, sample solution
preparation, sample solution repeatability determination, fluoride standard curve fitting and measuring instrument. The
greatest contribution was the uncertainty caused by the standard curve fitting of fluoride, followed by the uncertainty caused
by sample solution preparation and the uncertainty caused by the fixed value of the standard solution. The results showed
that the uncertainty of fluoride in national standard substance (GBW 10022) was (33.67 + 0.582) n g/ g (k=2).

Keywords fluoride; uncertainty; spectrophotometry
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TR e 2 A A, R S A R AR R S
B R X IR 5 SR R 0 R R R AT, DR A R
YR JEE FEAR AR L e T HOR A 2 JEE R /N,
D1 25 AR B A AN U TS 0 R, A& 7803
ﬁ%%ﬁ%%a%%%%”l

SRR T, SKIL RFBE . 9 WO BRI R s o o b B b S A AR B [0 ], k2o driti, 2021,30(7): 79.

Wang Lijun, Zhang Ming, Chen Xiuna. Evaluation on uncertainty for determination of fluoride in certified reference materials for

composition analysis of garlic powder by diffusion spectrophotometric [ J |. Chemical Analysis and Meterage ,2021,30(7): 79.



80 it

2021 4F 55 30 45,55 7

H AT, B R — % fEY Bt GBW 10022 H 3 fk
PIa & HOA —AMERE( 35 we/g), B MR Y
AN E VI R 28 SR Y B e B I [ 5K
—RAREYI T GBW 10022 AL & &, 3% H
HEATAH E W, A5 (33.67+0.794) pg/g,
ATLUCA T Z 5280 TAEF RIS
1 SKIEER4S
1.1 MK x5 ARG

K RY B 66 R 2 A A PR h B Rk
FEHCHE TIF 1059.1—2012 (I ASH 6 FE V2 5 3%
7)) VERE HOANH o B
12 FEZMHE LA

AN R TU-1810 284, b 5t ¥ #r i F
T

FE IR T4 - 101-3A B, B8 RE 7 22U AU 3
ARAF],

ALY FRUEYA W : 500 mg /L, 45K GSB 07—
1266-2000, FXI ™ AN & U=1%(k=2), L 50 3
B AR AR HERE AT ST AT

PER AR R R | RN R IRAR |
VK TR FHERHE A AN TCK B B e,
mi,

SRR A M2 0.002 mol /L, ERIFRIL 0.772 g
PERBATERFIF 70 g To/K LBRANE THabreh i
ADoK AR IR I BRI R FL R, R S A
70 mL JKZ R 2 1000 mL k250 A, sk
i B EARLR, $E 47, IR BECIRTTE IR A9 pH (M
4.5 A,

TRIRAR — BRIRIA : 20 g/ L, FREL 2 g B IRAR
T 100 mL BRFRIAW(3+1) .

[EEAEN — TOK OB 40 g/ L BRI 4 g &
FALEN, T IOK CEET IR E 100 mL, T 4 <C
I ARAE o

1.3 iR

EY BEr N B A — & &S S e
IK CBERS AT HIE B — 23550 53 A (RIS, AR
i A SR FERR R FNBR R R TR A A E I R &
AR RN BAE IR it o A R0 B R & TR
Az ad S A AR A WIS [ , A 5 A IR
() AR B T F K 2k b e 2 He B, I ATR
A i A, AT O S  REE—E
TLENAFTELR G AR, 2 pH N 4.5 I, A il Bl 6

AIFAXE 24 he
1.4 EH7k
1.4.1 R o &R VE B IR B

FH A 2% 10.00 mL FASHERIFLHL 10.00 mL 55
bR AEVS I Z 1000 mL 4 A 25, 14k
BRSBTS R 5 mg /L BRI AR R
Wl . 7 9F 8 0.05.0.10.0.20.0.50.,1.00.2.00 mL
FACYIAR W 1 & TP 8E T, AR - Bk
BRI, ST D3 BB T AR HEL 24 he
1.42 M EtAE

FREX 0.2 g I ZE—HbriEdY)f GBW10022 B T
Y EE T, A 4 mL 7K, BN 4 mL iR — BifiR
BRIV, ST DR BT B #E 24 he

BTG R £ 0 N L T O G e
o, FHZEIRK 2 R b 1 28 58 e i S A AL AN A
JEE, BRI TR R 2 25 mL I A RELZE LA T,
SRIGINA 5 mL IR A €075 (RS TR B | 380350 AP i
FERRRFILE 1:1: 3 1R A, SAHBED ), B 5 Bhr4k,
A, TR T iCE 60 min, R 3 cm LI, DI2s
FER NS, T 620 nm P KA BB, DL
T MR AR AR, WO EE A AR R, 2 A i 2
AR T LY 10 B i DAL 5 20 20 o(F) 3, B
weg/g Fom, A () 3.

o(F)=(m—my) / m (H
Ao m—— AR HEITZRE T A AR U T A BT
o, pg;
my—— AL HE M2 T A 15 25 I 0 35T
LA pg s

m——URH T, PR N g0
1.5 #FaR

o(F) = 424 )

A p(F)y— P AL BRI, pg/ mL ;
A— R RN A O RE 5
a— G A A A
b——HHfE LR AR
2 FHEERBRSTSHE
HRAE S A 0 5 1o R AN R AT A 5, 5
AR E 2R A (1AL R RG(2)
AL AR WO (3 ) URRIA MBS ] 5 ( 4 ) 1aUpe
R R E ;(5) ALY AR L0556 )
A CEIMPIOLEETT) 6 4171 o




FIIHEE YRR w0 A3 3T ) B T SR AL A E BT 81

2.1 AFEER AL AR AT R u,,(Cy)

500 mg /L AR ALH bR HEVES TR B ARG TR AN
FERE U=1%, k=2, WIERHE IR AR X BR AN 2 i
U (C)=U/k=1%/2=5%x 10"

22 AREBIRELH 5N AR AT R R u,y(C))

H A 9% 10.00 mL 43 B 5% W 45 HE 0 £ B 10.00
mL 500 mg/ L YA YIPRAERS T 2 1000 mL 9%
s, HAKE S SRR 5 mg /L ELY)
FRUET L
22.1 10 mL # 3% & 89 A0 XTARVE R E E u(V)

THE 282 TR HE RN B 25 5 ) AKX AN 2
P WEVS W AE AR B B R 5 ) AR 8 B F2 2k IR
TR AE AR R AR L ki G
196—2006 3% 35 15t 757 K6 e MR, e R 43 A o1
AN 2

(1)10mL 7 ERBRE M AR ALEN £0.05
mL 7 R BB A P HOR B B e = /3,
DR AN 2

u(V,,)=0.05 mL / k=0.028 9 mL

(2) 10 mL J5 B8 1 A8 70 W U VT vy Ak s s
BaREA £0.01 mL7 g = /30 IHAR
FEE

u(V,,)=0.01 mL /k=0.005 8 mL

(3) B AE R W ) ek 55 T I P U B AN [
SRR E B, BRI £3 °CL K
A RFUE K R %R 2.1 x 107/ ¢ 1Y e = /31,
DU HAREA T

u(Ty)=10x2.1x10*x3/k=0.014 6 mL

D] I i il B A VA VRO R o 10 mL BB IRAE 5T A
(R AR B AN 52
VuWVi)’ + u(Vi)? + u(T,)’

ure|(V1) = %
=329X107°
222 1000 mL A7 & 2 & i 09 A8 A7 v A # E
urel(VZ)

(1)1000 mL &AEAMAREALERN +0.40 mL,
i BRI 4345 9 5 R B A FE Bk = /3 T LA
AN E S
u(V,00)=0.40 mL / 4=0.231 mL
(2) 1000 mL 78 AR 2RO 2 e B 22
N +0.01 mL, Bk = /3, WIHARAEAH B -
(V' 000)=0.01 mL /4=0.005 8 mL

(3) R R +3 C, MK R FRE K
RHON 21 x 107/ °C B = /31, 30 3 A A
1000 mL 25T 5 | A BYARIEASI & BE «

u(T000)=1000%2.1x 10" x 3 /k=1.454 mL

DL A T T AR 1 I W R v 1000 mL 25

A AR BR A 2 B -

x/u (Vmuo)z + u(vmoo')z + 1/1(77000)2
Vi

U (V2) =
=147%x10"°
DO 9 R o Y T 1 R A b R v 3 ) A 1 A %
FRUEAHA 2
U (C) = Vit (V)* + ua(V2)* = 1.30 X 1072

2.3 RAREIR B BN A AT AT R u,y(Cy)
2.3.1 10 mL 7 5& o A0 AT R JE u(Vs)

[ 2.2.1 B3H5 7k, i35 10 mL 43 BE RS TR
B AR AT E S

U (V;)=3.04 x 107

232 25mL s oA AT R R E ua (V)

(1)25 mL IWEEAERE 2R £0.25 mL, %
HERE T 3 50 o3 A D1 FEANH S 1, B g = /3, DU
BRI B -

u(V,5)=0.25 mL / k=0.144 mL

(2)25 mL O TEE 2SI A se e d0R 220

+0.05 mL, g = /3 , W HARMEAT & B
u(V,5)=0.05 mL /k=0.028 9 mL

(13) Bbfo 8 I I A T 8 5 2 1 B ) 3R AN [
5 R AR TR AN B RIS £ 3 °CL ULAT
KB I R ECR 2.1 x 107/ CL, Btk = /3, 10
HBREAHG S

u(Tys)=25x2.1x10*%x3/k=0.91 x 10 mL

PA] I 7 R 1 R TEE ) A v 25 mL B (A

ARSI AR EA T E JE -

Mrel(‘/zl) = \/u(‘/zs) + u(“f5') + M(ES)

=589x107
DS 5 R B o Ao R o 5 LA ) ARG A v A
T
Ut (C2) = V1t (V3)? + 1t (Vi)* = 6.63 X 10°°

2.4 FH MM FI NG AR AR TR 1,,(Cs)
FREL 0.2000 g E ZbrifEY it GBW 10022 (45
HEMEN 35 pg/g) AR Hlg b, Hie Bl vk 28
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SREEME 10 W, P B2 2 5 A RIS &
B MRS T3 1.
R1 EENE GBW 10022 FE LR ELE

. vy TRATRIE )
no WBBE/A g (ng-mL)
1 0.635 33.7 0.269 6
2 0.632 335 0.268
3 0.634 33.6 0.2688
4 0.635 33.7 0.2696
5 0.639 33.9 02712
6 0.637 33.8 0.2704
7 0.637 33.8 0.2704
8 0.630 334 0.2672
9 0.632 33.5 0.268
10 0.637 33.8 0.2704

i £ 138 7 453, GBW 10022 1 46 1k 9
W ESEE x =33.67 wg/ g, bniE 22 5=0.164
(n=10), 0.

u(Cs) = ﬁ =519x%10

Q

U (C3) = ”;‘) =154x10"°

2.5 FALYAF AW LA TN R AL u,,(C,)
FHY B 66 B I %2 [ R — b ey o, H
FZHNRER IO 2 25 1) T2 2.
2 EUYRERSIEE

p(F)/(pg-mL") WO A

0.00 0.000
6.25 0.027
12.5 0.059
18.75 0.085
25.00 0.111
62.5 0.235

125 0.479
10.00 0.935

XF 2 2 WECHE AT LA AR B 2 T B
»=0.092 8x+0.009 3, #H & F U K 0.999 8, 4R # Il €
IRST TR bR R I 2R B BRE R 25 Sp=6.40 x 107,
FRifE A5 5 A TIBREAT G E S u(C,) #2120 (3)
A

u(C,) = % %+%+,,<x_7ci (3)
g(ci—cy

Ao Sy—hrEM AR IR S, Sp=6.40 x 107 ;
b——HrfEMIZE AR, =0.092 8 ;
n I AN, n=8

p— IR, p=10 5
xR P A T A0 R A
¢ — RV HE TARE WO TR
c—hRfE A b 2D i SR BT R T
AR RIARMEM L AU 5 AR B
u(C,)=4.58x 107
MFRIE T S AU G5 | A AR AR AN B 2

U (Cy) = u(§4)

2.6 MEBLZIINGRAZE u,y(Cs)

£ TU-1810 BYEAM O BE TR kA3 AT 0
ILES AT SR E B U=0.7%, k=2, ML &5 |
FIAIREATRE JE u,0(C5)=U/ k=0.7%/2=3.5x 10,
3 AHEEMERSITM

PEO R I A AR S D AR 6 A
FERWEE s TR 3. & 3 AL 5 E
FAMED R PRI SR A R A E R RN R
IR AR E LG 5 I AR € B, R

=6.80x10""

SRR T 5 A AN S B IR A RO (S |
A E

3 EFWENRTRALDEROENAREETL
SRR PRLES IR
uo(C PRIERRE (S R A 5x10°
Uo(C)  BRHERRIRIA S A AW 130x10°
uo(C) BRI AR 663x10°
u(C)  ABEFMERIES AR AHEE  154x10°
u(C) AR S ARG AEE 680 107
to(C) AR A B AT 3.50x 10°

3.1 AR RAFET AT
AR B o A5 B A R X AR AN S

ur(c) = \/urel(cl)2 + Mrel((:l)2 + urel(CZ)z + l'trel(cj4)2 + Mre](C:S)2 = 00713

32 BRAFERHEJE
FRAE R BT B A AR AN 2
u=u(C) -x= 00173 x33.67=0.582 ng/g
33 TRRHBZE
BUEEIER N 95%, Horh i & K7 k=2, IUR 9
G BE 0 S AR it SRR AR X AN
WiE N k- u=0.794 ng/g. EEFRHEY R GBW

10022 Hr Ak nil -1 33.67 wg/ g, Ko
JEAHEE u,,(C)=(33.67 +0.582) pg/g.
4 4HiE

K WU GG EE A 2 [ AR ) it GBW
10022 HEUL I S5 R T B . S5 R
B, WA 2 JE D ik R R A v R R (R4, HAR
R RE VAR R T, TR TR X AN S B 1Y) TR
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AAXSEL/ N PRIHCTE S FH AT B30 B e R A

T BRI, AT DR T A HE RS O T i g

DAl /D iR v W T ot A v 5 DS AR 2, 1

AT DA A 5 Ry 1) SR A A T T, D A

FRUEZRBCE 5] ABYASH E BE , DT HE v S 06 4%

PRV
i 3 X [ ZAREY) T GBW 10022 H Ak 47 10k

sk, #E T GBW10022 R AL W (0P S AN

JE FE RO, DU A B 22 1 S0 TAE# R rT HE Y

(1] Ju &5 . 8 7 db 8 sl Wi s /K v Ak [0 ] e 36 855,
2001(4): 22.

(2] BRFUE, THE, 428, 55 . 9 Hoor 66 B vk il FeA A b 1 96
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[ERE - BAEMSE®E - FEEKAENE
REAM VOC Bl EMAHEEITEE

ERuk L E R, 2R
[ 1. EZR AT B PO (FE0H ), HIACIE 441004 5 2. #IR IR A BRA T, IR 430056 ]

HWE RRAURRAKEARE AP HCE k8 VOC, 12 R #0248 &35 — JE 58 A AU 3%, VOC 42,
ST Bk R R T AT, B R AR PR RE RERSR ARERIRE BEMASFREHITS
M, ET RS AR AT IRAB], BAE NP P RL F oK R A4 3031 pg/m’ &,
FRERBHZIEH 421 wg/m’ ; BRHXLE R 2% 30,150 }Lg/m Ha‘ AT TR LA A 14%.8% (k=2 ). W
BTN B E AT 4 R A ra s K, B R Sk R R R AR, A A E M AMTEARE 279
LIE-SOE: - RN N & AN N s ﬁ%ﬁ%ﬂ'ﬁ&‘dﬂ"‘%%%ﬂ:ﬁfﬁkﬁ P ZpA ] o A AP

KR ARRA; AL ARG - RS A E AR VOC A & R E

FE S ES: 0657 XERFRIAFD: A X EHS: 1008-6145(2021)07-0084—05

Uncertainty evaluation of VOC release quantity from vehicle interior parts by ATD / GC-MS
with air bag sampling
Nie Lingbol , Liu Lizhi', Yang Jiaoe?, Lan Yanfei'
[ 1. National Automobile Quality Supervision and Test Center (XiangYang), XiangYang 441004, China;
2. Dongfeng Peugeot Citroen Automobile Company Ltd., Wuhan 430056, China |

Abstract Air bag sampling was used to collect VOC released from vehicle interior parts. The quantity of VOC
was measured by ATD / GC-MS, and uncertainty of measurement results was evaluated. Through the analysis of sample
collection, standard solution and its preparation process, curve fitting and other factors in the test process, the uncertainty
component and synthesis uncertainty were calculated. Take toluene as an example, when the toluene release quantity from
vehicle interior parts was 30.31 w g/ m’, the expanded uncertainty was 4.21 g/ m’; when the test results were about
30, 150 w g/ m’, the relative expanded uncertainty were 14%,8% (k=2), respectively. The experimental results showed
that the uncertainty introduced by curve fitting had the greatest influence on the measurement results. By using high—
precision sampling pump and flow meter, selecting appropriate measuring tools to regulate the operation of standard series
preparation, and reducing the uncertainty brought by analytical instrument, the uncertainty of measurement results could be
reduced and the accuracy of detection could be improved.

Keywords air bag sampling; ATD / GC-MS; vehicle interior parts; VOC release quantity; uncertainty.

UCAER, AN RS R TR HYEOE T IIERABRAE . TN RS ER R

AR B B B OGTE , GB/ T 276303 42 Re B 42 BRAEL 0 i 21 SR A, it i B 1R
iﬁﬂé%ﬁﬁﬁf/‘%ﬁ@“’”Xﬂ“il’ﬂé’ﬁﬁ!ﬂﬂ’ﬁﬁﬁﬂ figp A, X R AR R R AT o M RS A

R ZHIOR R W VIGTEE 8 FifT VOC TN i 48 TE 1 m’ IS0k LR G IR

BIEEE SR AR, TR, NS EENZ AR BRI TAE
KFEEE  2021-05-21
SIRABRK BRI, ML, Wk, % AEERAE - BRI A G — RIS 0 2 PR A VOC BUR s ASE 2 P [ T ] AR b,

2021,30(7): 84.
Nie Lingbo, Liu Lizhi, Yang Jiaoe, et al. Uncertainty evaluation of VOC release quantity from vehicle interior parts by ATD / GC-MS with
air bag sampling [ J ]. Chemical Analysis and Meterage,2021,30(7): 84.
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ek o SASREE 2K LR ENL ]
L,

R T AR UE I A2 SR A R RN R M, T X
DU AN 2 BEAIR A T AT Al . A e =
HMFH OESCHR, AL P i h VOC BiR 511
AN FEVEAE , KPR G ZFEBAAE R R
PEATEE R MR SR — B R 5 A
fith BE A PR BR B EEAR R R, AR IS A
(A 65 JEE TR AN G2 1 T s B 5 ke it e
) T R B v IS — |, A PT B S USSR A A
PR 2 B 25 AR

55 S AR ME Q / EQCL—2008 ), 5 FI A 4% %
FE — PRI R Ry A N iR i voc
R A8 25 A IARAE S A e i, IR H
JIE 105912012 300 8 2% 5 ) R ff 5 38 4T3
E A 5 A A
1 LIES
1.1 FEZAE5IKA

P BB I B ( ATD / GC-MS ) X : ATD650
/GC680/SQ8-T A, F14: BIRERAL AR ( L ¥ ) A7 R
VNI

SARETERE : HP-Ultra2 %44 ( 50 m x 0.32 mm,
0.52 pm), KEZHEHCRHEARAF.

BRI . V-BIR-32 1, 7528 AR 5 A R
NI

SRAEAS : Tedlar 43 (F 1 MR B 20F 4 ARAER
Y128 PTFE #1),2 000 L, b 50 $8 48 36 RN A7 BR
VNI

255 R REZE : GilAir—plus %!, 3 5 K 20~5 000
mL /min (fHi ), 5% E Sensidyne 22 H] .

it B % 1F #%: defender 520M &Y, %i & N 50~
5000 mL / min, 3& [H bios A F] o

SR B G MF5008 Y, Fe S il 0~
50 L/ min, 3& E R AL REABRAF

RS AR 99.999% , RIVAE R Tl A
HRAF],

Tenax 45 : Tenax TA 60 /80 %I, & %% 5 A 45 0
SRR R A,

FrvfE A2 B . TSPS Y, 3 {17, % ] GERSTEL
/NG

I fo ikl PUAR I BB B 27 ( 1 ) A A
BRZSH]

VOC FrifEfif & : 4’5 A GSB 07-1986-2005,
WER HR R CIRT R R M B 2R ]
TR R O IE e, £ AL R Y
1000 g/ mL, %50 H B, o S PR R 5T Bt
1.2 7k

B VOC b HERR 28 A 58 B B RARAS I, o
WA A 1200 L &S, il bR 1 SRR i 2800
TR ERIIER N, T 60 CHR
£F 4.5 h, i Tenax &4k 3 L VOC A4k, | ATD/
GC-MS % Tenax 4 #E47 — WL B 5 #1. K vOC
BRI R GVE AR i A R A AR T 400 . 9 R
T 5% 7 1) SIML A% o pif 2 %t H BR 2R AT 2 o 43
Mro FEAH R SR04 T 48 F A8t o 20 285 51 Rl ik
SERABRAEE G IE. N T RE AT e R
AR VOC 55 5 MUASHR 22 BE , 43 IGHIS | v e B 1)

P TIEE -
F1 HESEHESH
il A W T e i / Tk R AR /
(wg-mL") HEAKBL/ mL (pg-m)

1000 0.04 33.33

1000 0.2 166.67
1.3 HpAaA

c= % +X+ A (1)

K e——MNRLE TP 5 R AR H AR
JREHRE, wg/m’;

m——EEE TR HFRYI TR, ng 5

vV—RFEARRLL L 5

X—HE2y;

A—S PR EE R M R,
1.4 A7 TAE W&

VOC 9 br E T AR W : T WG 53 0 78
B2 50,100,500 wL 1000 pg/mL K VOC Fx i it
W, VR IR B 1 mL, i A% BT R il
4'50,100.,500.1000 wg/mL [ F 5 br e T AE %
Wo M1 pL eSS 1 pL ik 4
T o T s o T W A, 3 e s o R A R A
KR F] tenax & W, il PR IERE S . ] ATD /
GC-MS X} Tenax & UEAT SRR 04T , 20 )0 42 4%
A5 0 i e 0 T R, DAARIE TRV M & (X))
HREARER , G TR L Y ) AR BEF TR 1),
TS A R B
2 AEEEFRIR
MR AR S g0 At B, DA RO B A R A7 5 A, 45
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FUAHA 2 B 1 B ZOREA (1) SRR A &
JE5(2) SRFEAS TSR A B 5(3) bRt A5
WO B PN A 5 (4) At RO W A # 5
NI E B 3(5) bl TAE -3 5B A1
SERE5(6) D F A AN I (7)) B 1B 251
NHIAHE R
3 AHEEEE
3.1 HmREFING R
3.1 RAEERAR G N A X ARVE R T ESE (V)
FH R 2 I s (B 15 25 L I R s (B 1R 25 L 3 o
FFIE R IE IR 2Z 5 ARRHE A . SRR
FER LR EIRE N 5%, 5T k= /3, HARX}
FRUEARTHE N uy =5% / k=2.887% ; kL I [H]
INEIRZEN £0.1 s, k= /3, REEREH 15 min, H
FAXTBRVEANTRE FE 1,,=0.1/ (15 x 60k)=6.41 x 10~ ;
BT IE AR R A, U=0.40%, k=2, RFEZR IR
SRAERPE AR PRI E BN u,y =U/ k=0.2%,
R A AR R BN B A X bR E S B E R
Unen (V) = e+ s + U = 2.89% 0 PR FEIR
FRIRE AR I RE B T RGE1R 22, NEAHE
WRETEEN .
3.1.2  FTAMAR G N B A SR E R EE u (V)
00 3 A AR B T R AR S T A
1200 L &S, AHAHEES, U=3%, k=2, AT
FREAH S U 2(V)=1.5%0
32 RHE T RAFMERE m FING RAE
H A4 5 AN 2 3 53 F Fh s A A8 VP oA
A5 AU ET AR E B
32,1 ARG A A AR E T e, (m)
H VOC 3 HES W UE 15, 15 2145 W) AR X e
ANHREFE R 2%, k=2 PHIL, b vfE it 45 T 45 B 0 1)
FEREBR UEASHA E BE u ,(m)=2% / k=1%. [ [a] —-H
A% R R g ] R B S DA ], PRAS £ 3 0
B AN UK ] - PR S AR AR O B AN B o
M 2%,
322 Ak RO AT AR 5 N AR X AR E R
7 JE Uy o(1M)
VOC 7 i Z 51 e il 13 7 51 A 09 B 2 4
35 8 L A0 22 N BE 5 R 7 AR RS AL AN 4
IR i FH 2 R B AR EVS (100 g/ mL )
AT RE AT, 45 i BB A B S B E
T2 21 2 2 WO E B A i BEAT A L, 19

VOC HrifE 250 il 21 F2 5 | B AR XA AN 2
Uy 1=1.87%.
%2 EHRERENESERESIANRREE
o REEERY A/ TR /%

L % (ot k= /6 )
20*%2%)%§L 100 +2 0.816
100% 21%%0;% pL 900 +1 0.408
st H o

AR HET 20 CKIE, AnifE R A% T 25 C
BEAT, R AR AK 280k 1.18 x 107 °C ', #i¢4ETE
SRR, k= /3 R R A b 5 S R AR B AE (L Y
NHE BE 1, ,=(25-20) x 1.18 x 107 /k=0.34% "',

WL E A4 ik, W) VOC FRifva e il e |
A BIAIXSFREANTS 22 i

U2 (M) = ittt + Ui’ = 1.90%
323 AREIE S &I AN ARELSF EE

Uyt 3(112)

PR TAE MG 5 A A 2 B & LR
DU SR YA - 3 e i s T AR Y B B BEMLAR &, B2
M A DA T AR, SRR i A A T AR, T W i 4%
5LV BU AR A2 B 5 53 B0k (IR RE i X[
Y158 22 I REAILAION 5 X N Y (BT BB 3246 5 19 R 0
FERIREI G X B E A 4 1 10 12 S TR e T 7
A RS 5 IR AL PR R A 2 ALk
TSI A AR E AT .

wlmy=3 Ly Ly =g
‘V/” PN (x-x)

> (Y- b+ bX) ]

Sr = n—2 (3)
_ Xx
X=" (4)
Aorbre sp—— T AR Ze i 0 AR AR 1 T 25

b——TAEHIZRIIRER

n——BC AR R KR, n=4
p— RIS E UKL, p=6 ;

x —PRERBA BRI, ng

x—E SRR i AP I (- 2 5
Y5 j IR ) (i I T A
by—— T AR HZE A, =0 5




SRR, A TEERAE — PUBLHE R (3 — B IBe IR E P A VOC IR ik B AN e JE T AE 87

X5 i MR R 5

X — RS W) -
H ATD / GC-MS {ll 15 VOC 5 i £ 51 Jii & M
g TRV L3 3
#3 VOC FRELMEFEREXRE
KR LM LIPS Y
pS Y=1386.9X 1.0000
2 Y=1430.4X 0.999 8
LR TR Y=163.7X 0.9994
Y% Y=1568.5X 0.999 8
fa], %f — Y=1264.8X 0.9999
KN Y=941.7X 0.999 4
A I Y=1284.2X 0.9999
1ET—%E Y=218.7X 0.999 7

MM B RRES T VOC -5 i 51 T3k 4,
£4 BEEWEMRETREE

P/ VOC TEERIKEE / MIE SR AAR

REY M5E(E / ng ne (ng-m) SRR /%
;3 9529719"9;4?;7”992?436’ 93.33 311 128
Tk 9916.3()59‘,99& ?577’,9819'.2483’ 90.93 3031 105
LT B 8879'%149’,980é9853’,8887'.9741’ 8881 29.60 103
LE 8898.1271’.9809.2723’,9819..2412’ 89.66 28 L3
KM 8990‘ 7370’ ,9809.9800’ ,990i _9183' 90.33 30.11 0.66
FUIES 9901‘%12’,9921‘9575”9916'3474 9121 3040 0.63
Ftgp O18.9301.8996, o, oo 30.56 1.16

91.83,92.51,91.18

H 24 0] 1, FE 5 R B RO & &
%, =90.93 ng, T4 (3) 1 (4) 1 5,=9674, x =412.5
ng, fCAZ (2), 5 uy(m)=5.21 ng, W LG5I A

(AT AR AN R
w(m)
Xb

[ 3, AT A A G TAEI LG 5T A
RN 2 JEE
3.3 FA MR NG AR AR E R uy(R)

DL 1 A e B ik SR B, ) A T R B R
3333 pg/m’ FRIES MR, REE 6 4 tenax &, 115
% tenax & VOC BN 100 ng, I & RAEAE N
VOC HYSEFREE  THE AR R R % S T 4,

DAFR 2R R 1], o 5 0 3 A 4 R T A G
WEANHE B A 2807 , SR DLZE IR AT

R o,
Ua(R) = i 0.43%
s R—— e 25 SR AR AR 22 , %
n—NH5 % I AT EL, n=6,

(] 38, AT 3550 R AR W i i A P ) A
FERE . BINFR ECRE T RG01R 2 , NEAHE
PERETEIN
34 WEFHEYIINGAATARE R EE uy(X)

EFE P& )Y N E R R S N A
ANERT Eh e 4 FT, YA B I S SR 30,31
wg/m’, A ECIE L5 LA 2R B AR BR A
FEJE u,,(R)=0.005/30.31=0.016%., [&)3, ] 1581
AV B TFEBA5 | A FIR RN E
4 MRERNAHEERSE
4.1 SRABIARERFE FEAY T2 JE

W TS B A0 A X bR S 5 B 4y 1 4
TS5

Urel3 (m%) = = 5.73%

K5 THEEN=E %

2 PR FEAMR FRIERG R ffjﬂ PRI bRifE LA NG L e ()
(V) U (V) Uy, (1) il % Uy () Uy 5(m) U (R) Uy (X)
xR 2.89 1.50 1.00 1.90 1.78 0.52 0.02
LIPS 2.89 1.50 1.00 1.90 5.73 0.43 0.02
IR T TR 2.89 1.50 1.00 1.90 11.95 0.42 0.02
Vv S 2.89 1.50 1.00 1.90 7.04 0.46 0.02
], %F — HR 2.89 1.50 2.00 1.90 4.82 0.33 0.01
W 2.89 1.50 1.00 1.90 11.09 0.27 0.02
4B R 2.89 1.50 1.00 1.90 5.18 0.26 0.02
IEF—% 2.89 1.50 1.00 1.90 7.98 0.48 0.02

mumﬁ/ﬁ\ﬂmﬁﬁ%g \/un'l,l(V)z + Mml,z(V)z + U1 (M) + Uy (M) + Urer (m)* + tu(R)* + tu(X)* = 6.95% o

[ B ] AR e A WA A, 51
T 6,

W 95% 1) B A5 B, A8 N T k=2, U AH XS

TR A E B u=hk x 1, =13.90% 4 I 75 FF 5

R &5 o 3031 wg/m’ B, U7 R AR E N
30.31 x 13.90%=4.21 pg/m’, WA P {4 2
Bk B R FR N (30312421 pg/m’, k=2, H
TG YR,
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®o6 BUAYESENENT BIAHEE

oy ’E.ihi@ *E}jﬂ‘% 1&%%&%“@2 ffﬁxﬁwﬁmggxﬁ
AEE /% AHEREU/% B/ (pg-m’) FE/(pg-m’)

x* 432 8.64 3111 +2.69
LIPS 6.95 13.90 3031 421
LT 1257 25.15 29.60 +7.44
S 8.06 16.12 29.89 +4.82
JA], 0 - 6.45 12.89 60.82 +7.84
KL 11.76 2351 30.11 +7.08
b N 6.49 12.98 30.40 +3.95
Wb 8.85 17.71 30.56 +544

42 REVAES IR EARST IR R A T AR
Fie AR 1 AR B 7 TR A 2 DAL D ok A,
1o MR B T R AR X T RS RE L B TR 7. IR
N R RO 2R 30,150 wg/m® I, A
P IRANE RN 14% 8% (k=2 ),
F7 FEHEREAMY BRREE LR

2000 L fIGHk 2000 L ik s
e WES ey, B,
(pg-m”) (pg-m”)

EN 31 9 159 8

oK 30 14 159 8
1% T TR 30 25 153 9
H 30 16 158 8
], X — 2R 61 13 319 9
Kl 30 24 154 8
4 — I 30 13 159 8
E+—ks 31 18 158 8

5 #ig

TR A F P BRI R B 45 A T 4 o
e 1.

P it i ki
o % 3%
wﬁiﬁﬂ% R
o ' 22%
11%
i 2451 45
43%

BT RS AN E B i L

WP B, IS 2R B AN 5 E 2 2R IR TR
PR AR AR B ] 2 AR T AR A5 51K
AHHRESE o ARl TARHZAU S 5| ARIAH E X
SE 25 R R, BRI a g ] 38 i sl s AR
ooty LT UEE IH B O s T O 22 T 5 189 b e 28 97 o 2
MR Cn=6 ), BN E RCFATREN B p=2) K4 v
il A AP B0 R , R A o i 22 1T LA
Ao R i 0 A IS A AR 4 IR IR Rk R 3 ok A

SRAERAR TR AARFRG | A B AN o 3 3 ol A

B BRSO A mAT E AR EGE . &R

Pl 8 AR AT A T AN R i« 7RI he] DAk

i AR NI AR BB 3 RS AR AR, SR I

B RE, T A S50 0t AN SR R R ik

FHEE BHYELS B BEFEAS S AE RS I IR BE Th B AERR I

DA/ D AR B 45 R FE
ASTRVHR B B RE i, D5 235 5 B AN 2 B AR

B it Ve AT, DU 3 SR AN o e s Y

TRt TR R N B I, AN S DR AR TE 8%

LA R AR AT 7 5 PR b R L A [T BE A

(A5=0E VOC TIRSE SR A2 % .

S % 3 #f:

[1] GB/T27630—2011 LNz TEIENFERLS].

[2] GB 18352.6—2016 HHEIIKAT5 YW HEIB R AE K ) ik Jr i (i
FEERHE) [S].

(3] 296, o, A . PRIRIE P AMAZE VOC AR i [ 1],
RAET 508, 2018(4): 50.

(4] W%, RIEPE, TAa, %  RAEREE - SRR - AR (5% /
SN E PRI N AR 7 P R AR R (R S B DT
(1] AR, 2015,42(3): 1.

[5] oty . JAUBERR AR (3 Ttk il e PVC A i #E4etik voc
rp RO R B AN E BT E [T ] R R 5 TR, 2018,
28(1): 57.

[6] Z=ELF,AE, WIE, 45 . Tias — UM TSk 5 1528 P ik
R M LAY R R BEPTAR [ 0], ST, 2018(5):
136.

(7] Fw5 . BORUBHABRT — SO kil e e U R R Y
PO E FEBFSE [ T ], ABEREA 5958, 2015,40(12): 139.

[8] THad, T, Hmi . 453Xk vOC MR i K 2 43 Ko af
PFFFE [T ] 388 TRHAR ,2016,43(3): 39.

[9] Q/EQCL—2008—2015 37 ity N Z- B F 4 K M4 WL AN s
B2 it il vk (CRAEASEE ) [S .

[10] JJF 1059.1—2012 NEEAHRE BEITE SRR [ S .

(1] 3R RACRAES AR AT AN BE 34 [T ] o Tl =

2Au3k 2014,27(3): 226.
[12]  BBAEES . AR/ FABER — SO s Uh 2R R
YA E FEVPE [T ], PRSI 5150, 2016, 8(1): 31.
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[14] JIG(3L)166—2019 MidiErEgskE MRS .
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FR A U S AR T L R

AT ks | kFE L EEN  REE LKA L EXE L Fm’
CL T MBS AR AL N 510623 5 2. T NI SERT A AGSR AL, I 510623)

WE 2R T PGSR EE R d ik, HoBERCEGMBER FR0E B ARFERE B8
PRI BUR AT AAA I, 0 ik G A Gk ARG/ TR R K Bk G LBk SRR K
LLIMIE R RO R kR AR SR, A RARARRITTRE,

KR AR AW A AL

FESES: 0657 XRKFRIRED: A XEHE: 1008-6145(2021)07-0089-08

Research progress on determination technique for analysis of methanol
Xiao Qian', Peng Subiao', Zhang Zihao', Zhai Cuiping', Wu Zhiyong’, Chen Gufeng', Yue Dalei', Xu Jia’
(1. Guangzhou Customs Technology Center, Guangzhou 510623, China;
2. Guangzhou Customs Commodity Inspection Department, Guangzhou 510623, China )
Abstract The sample processing technology and analysis method of methanol detection were reviewed. The
sample processing techniques include field assisted solvent extraction, solid phase extraction, solid phase microextraction
and derivatization. The analytical methods include gas chromatography, gas chromatography / mass spectrometry, high

performance liquid chromatography, colorimetry, spectrophotometry, near infrared spectroscopy, stimulated Raman

spectroscopy and sensor method. The development trend of the research was prospected.

Keywords methanol; determination; pretreatment

PP 2 2 A T OB, )2 T T A T il

an DU SRS P RA R EAE A, B B
TEVE, 2T AL | P I BRE SR BT 2 A T

BB, T A N AASHT R A R S 1l L P et B o
0 PR PR RN o YA Tl A 7 e DR R S
Hh Bk B A TR T R RE R K HEGHEE A SR X 26
BOKMRAEY AT REE MG E o X T IHREIKAE b ik
o I ARG — B BRI TE Y TS I A5 Y L A
Jrli

H 2020 4F LUK, B Re i PO 78 e BRI A, 52
PENG R , Bt H R 7 A
A NTHBE AL R o (HES O MHTEUE T R0™ ah
A WS, Z2 ™ A7 A F AR A (R R, B 24T sk
VETH0™ i BRI B L i e

EEWE i COERAMRIH (2020HK236)

BIRIEE s, U5 AP0 0L, R NI 00T S S 4 A B T AR

KB 2021-05-09

BRI DX, BOAE i, AL 2 g ok, v 2 kAR
Eeun Gl SN ES NGk Y AW (OE S E [
P aod g P T 9 RN B A A EE R A 4K
6, HoH Se Tt i B S ORI 2 7 i Hh R
9T e 2 KTk

NG TSP 3 DN & s B =8N |
AR RN FR, 5 AT e AR ) S pk s n
N JEHE AR T 287 2 alias Rl S A %
T A B, 3R T SOk T At
ot S5 A3 P i R R A T PR R
B 2 4 [ bR T 2R 1R A L 1 ) (GB
2757—2012 VFIAE : LU0 JEURH) Z& 188 1 e ]
W B P RS RARAART 0.6 g/ L, LIS AR
R KBS A R A A KT 2.0 g/L s

SIAME BT, bR, K5 A BRI EORIITE R [0 ] A0 Hritid, 2021,30(7): 89.

Xiao Qian, Peng Subiao, Zhang Zihao, et al. Research progress on determination technique for analysis of methanol [ J ]. Chemical Analysis

and Meterage,2021,30(7): 89.
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(E R ) (GB 10343—2008 ) #5E « HR2 7 i v
(s S B A KT 2 mg /LA™ b i PR s 5
AKTF 50 mg/ L, g™ i rh R EE S A KT
150 mg /L (I 2 70 RS B 25 R 5 ) (GB
38850—2020 ) M : T AMRAIE I EE Ik A 5]
ATRE (el i 2 B AR FTE ) (2015 4R R b if
HHES YT (AR ) st i ARG )
(2015 4FRR) FAE « Akt i v i F AN A58 5 2 000
mg / kg ;CEE R R T ) (GB 19877.1—2005 ) HiL5E :
FH i 5 A R 2000 mg / kg s{ S BETHEER TR
FrifE ) (GB 26373—2010 ) HLUAE « Bt 5 it FH ) £ %
NAFA (AR N RALFIE 2 ) (Z3F6) (2010 4ERR)
AR BIVH B S AR KT 0.02%, A FH 2B A i
B R A4 (RS ) (GB 10343—2008 ) BoR
RS = b R S AN KT 150 mg /L. BH
XoF 3T AT 3Fe ] A A7 FF TSRS Fr) A ot Ak 85 A6 DN
RAFFE IS4 75 3R FVTAR , I A 1 — 2 1 5 e
SR S TEY R AR A 22
1 HREFREA

R R i ORI A AR 2 1 A I R
FE SR, nTRE S A W R RE A R S 2 HL sy
20, ATRE S A AR B E O PR BT AR S I AR
F i B 3 ST 45 57, T B P50 AR A A B
o XA [ i 35 I Hp PR R 194 4 B 3 791 2 B
B AT B RN AR AR SRR S T AR B AR, FE
VA TR HE 0 — PR TC A5 3 4 Bh ks — R A, g e
B AE I A i B 2 BCAEE 5 A G B 0 A G 1 AR A
B RO S s A A ik T8 Bk A AR
AT O, A ) — W e A T e o R
R KRR, TE AR RIRE L 0T F e 4R BOh 75
2Nz
1.1 BB E Bk

3l By iy Ak B AR W A R BN ki
WA SN SR AR T AL BE P AL RIE TR AR
TS A7) T 7 A IS 751 5 it i o =2 [ Bl 25 A
(A RTAR B A | A 455 7 I8 4l BH BRI T eI 2%l By
SR A BRI T B A R R
TN A 2 AR sl A R B RE ) R A, SRS
2 R R U TR IR st B OB B bR
R B RWR v DL E T E . S
YRR, V5 PR IBUN S o 3kt G I P 2ot 5

VA SR IBURE i F P A AR B 22 SO

HENT TR IR A A Bt 5 7 T v F B
Tk, EEH CNEWER BRI, FREAT 6 75 HE I, R
PR I 2 G D, 2 25 5 F T A, e el )
FE A B )7 B T R R 2 O 2%, 43 iR
7 0.0042 mg/ mL, K EETE 0.05~2 mg/mL i
Bl P 2 P LI 5 R ey 1 I A A
w0, AR B S EURE S ) B
bl &, T R 11.7 mg / ke, 1545 T
FH BT e 8 25 X, Ze MRV e B2 A BT R A,
BEAE 5~200 wg/mL yEE PNt R AT, St C R
0 09999,
1.2 M4 BALEHER

FH 53 B8 b B AR AR AN VE R sk
JTE AL HUAY 5 -5 4R i 3 B 2 (R HE 4T Bh 4 40 e 1 B
AR AL FE B ARAEE B/ R S ol T R
(1) 5 FE P g Ak 38— R PR 351 A 2 ORI [T A
IO R T2 AH 3 25 b B R BT e B PR AT
R = S0 T I AR R R A vh
1.2.1 [EAFER

[ R A U — Pl LA A R S A BR R %07
2 ) FH [ERH SF0RE % S B P IR A, (A o ) A5 D0
YR B AR P A SR TR, DA TR
RSB 8 Bk Hiv . B RZH
T Y AR R A . T DL AR
VAR 0 A B b mT TR 7 FH AR o () Ab 3

3 7455 ) A Florisil 280 fik 4 [ 4 26 BUAE %
S R P R T A R R R E T
(i1 A 2 BT JEORE W B e 4 . A BCE s B 2
O H R0, v e A I A 0, Y I VAR B A
0.98~18.62 mg /L i [l N AHOC R %8R 0.998 2, K i
TERJ 0.15 mg /L 5 FHSCOAE" 387 T SR FARE R
6] A A BB Yol F o s A 7 el R s vl 7=
YA TR B R RS 5 R B ) S IR R T B
AR RE NS TR 32 R R 1 A A
AR T AE I It R T ) B2 A R RN S B ME R
T EEAE Y TR R
122 EAMER

[ A AR U AR S 20 H20 90 AR 4R YRR i
A PR B AR R SRR [ AH A HUHOR B BR il E & e
LA ) — NS RAE , I, Ve FHERE T — R 0 TC I
FIFE i A= OB AR B i 26 8 1) 24544 LA
TR PG T AR Y SR 27 4 VR A A AR



AT, 55 WA B A 5 91

IR ALY S IR ARE R VAT A R )y
Tz 5 2%t BARPI AT i SE R I, P16 fe R B 1Y
EF SRS 2 W B R A I

MOKHTARI %7 3% F R S Ak 3 P Sk St
SR HEAE A [ AR A BT 4 Sk, X6 ity o %) PR i A
B AT B A 3 Al S PR O R TR T
BT, %07 AR PR AN E B R BR 2 5 h
3.9.12.9 mg /L, MGl 14~229 mg /L, FXI b5
W N 1.6%~7.2% 5 XILTIR 45" SR A g 1
hy [ AH L 2 ) 1 [ AR AR ke &, S IR P Ak T
K UORE R B B AR BRI E vk . SEIR R, X
TR [0 32 o 361 R ol 4 B b T 2 <A ok ) 28 A0
20~300 1%, ZITEERESEY) BT BRI BR S 0.02~0.04
mg /L, FIA R0 25 0 1.4% ~4.1% 5 XI| g2 20
SR04 361 AF Bl 26 B, W 5% 1 90 2 A6 AR b A 40 27
Y U} 2% 28 B T R R Ao R B A A A
Ak
1.3 ArAtesa

A A SR A B I 5 78 E AR 25 A6 ) i
RS A A B RO TR A 1 R T2
Y AL R 5 A A ZE ARG T 50 HT 64 55—
o AR P AT AR RO SRR T AR F AR A
S BN B BRI R BRI R AR . WA
T AL 2E AT A SR R T S P A
PRIEAE R, DA S A i 43

Kuo 21V H] 4- [ N- FIJE, N-(1- 251 3% ) -
I i -4- S A% T B2 (NAOB) . 4- — 35 43 5L iy iz
(DMAP)  1- 3 -3-(3- —H N3 ) ik — 0 fiiedh
BaEh (EDC) 3 Rl o7 i A A 25 1 K 25 P R R
a2 S5 NAOB HREEFEA TR AL K20, 2
NG EHERRIE . 2R T H B
AR AE 250 18 T SRR 550 8% ~55% AT
A2 RS (5307, 7 Bt B4 0.1% ; Chen 25
W7 B — TR IRRE & HP 1 B SRR A5 A T A
(14 AR B 2 o LU e RS 3 — S B LA
o RS 3. AR -7- FARCHE -1, 4- ROF I -2-
VAT AT A AR R, SR i B EA TN AE o i A
FR >k 0.10 moL / L(S/ N=5), H Bt £ 14 1 [l 75 2~20
moL / L, X ARl 25 16%. A1k R BETE LR
PR ANE T U T, HAFAE— 2 AR G PR
e, IR E R, AT T I — KA TR LR
T4 25 Hp A

2 oA E

I LA e O 4 e e R RS e v, L 1 5
J7 ik FEASH M g A EE - Rk
FHIE 2420 3 e A A A ke A PP R ) R T R
AR R T AT E , A, ek 50
P O AT AT A N O R i
RN R I B O e A — R RN
2.1 AAEiEE

SIS RS R R Z —,
B4y B il BE PR RS & 5 Ay
e, Tz N T a4 KA VAL &P 0 et e i
b

AT R T 28 S WS B oA o v T
SR IS Tk o XTI AR, TR A L
P RN ZE IR IS By A — e il =k
NS AR I AR kil , v Wi At T
WKL S5 e @ik A 28 6l BB 4
BORFACER, 2 Bt AR o A R
i E AT A B, SR FH A 0% B 20 A (0 5 A o 8 A A T
R R, LAAR B S R P, AR A D A B e
o 0 T AR EUAET TS D Y F s g v B, AT
A 7 R A L P B ) A ) R
TR Ry 7.20 mg /L, B AR T HE MR E
22.46~898.08 mg /L 17l NAHIC R KT 0.9999,
X AR HER 22 7 1.13%~2.61%. J7 ¥ BEN 2 21
TPHS PR G U R Y R, 35 FH 4 20 P 28 R B it 1Y)
vioRIl

T SAH GRS A R — MRS B ERAR . 22K
T2 2 A RO TR 2SR O YA E 28 % 2, SRR
3 R e T T B TR R
TR RE SRR P B I 20 43 T A Ry LT 4
et 2= ST, AR S BV B 5 A RORORE Y
TR BE R AE I 2R 1 % 1 R a5 R AR TE AN 32 40 g
3 WIAH 23 BC R B 2, A8 QE D ik TRy ., L 22 n] bR
WK A TR IE , D7 AR IR AT 35 0.011 mg -,

AR A T R - S R TS - S
AEL 0 Ty T e Y b P I R ) 25 5 A AR AR,
T0ZS — SR A5 2 N [ AT 25 FORS 2% B A0 Y Jd 1
TN — A IS, 2808 — SO e ik s 11 i
FH 89.13% ~91.49% , K %5 B 0 2.49% ~2.86%, 1]
Ti78 — SR S InAs MR R 94.47%~95.91%,
K% A Bt s, 58 1.01%~1.58%, i B TH 25



92 it

2021 4F 55 30 45,55 7

PR AR F 2508 Ja R, 1 BT 2s — M ki
FR G AT D R S A A A B A s A
SR e TR 28 VR B A A | B AR Rk T
A T AL i F UL 3R 2 07 T v FR e s 2
72 Fp R S TR R AE 10~ 1000 mg /L 30 BBl 9 £k
MR BRI KRR S mg/L ; 574 FI I E4H
A BURNTIZS SEARE T AL BREE A, X6 22 i 25 rh i it
B EA TN o S EAH AL B AR SR R 20 mL  To
25 PERE SR 0 SF- MR S 90 °C N #REsHE] Sy 25 min
s 00 AR e A, e O R RAF KD R PR 0.15
mg /L ; B8 A FR &4 RTITZS — SO 3 0 5
e B R e TS SPFIRE h 80 °C, TH S
S f 1] 9 15 min,  FH DB-WAX 2 7 35 F 40 4%
3EFE (30 mx 0.53 mm, 1.00 pm) 435, A XIEE
FACAS IS, FF A PR 0.37 mg /L 5 i —
RV T F o TIZS — SO @R LI E K
Wt B e 1 5 v 8 e O A A T S5 2, A s R 3t —
9% % 0.05 mg /L ; Miroslava Bursova 7' JF &
T —Fp R B 20k R TS S A S5 A
KBS TR g, AT LA ] ERH I s B | 2 R R R
FERRMESAE T, A 2 9 S TR Bt R R 2B 4 R
PE ) S R R 10 P RN 2 B A AR L AR
i il £ 1 FRAE 6 min 8. TR R R 50
mg /L, B LM H A 50~5000 mg /L, 7 1L 35
FEb RSy 89.0% ~ 114.4% KGN T 12%.
IZHT TV © L I e v R A I A
TR ST

22 AAEE/ g A%

SRS 1 T 5 Pk B X A — bR
WIS LA B s T 0 R A T A s — T
K56 FASCRE 2 M 43 BT ST, 7 3 o o) Ao o T i P2 A 4B
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Application of photometric titration method in analytical chemistry
Ma Lili', Ding Qi', Xu Wen', Wang Shengnan', Cao Lihua’, Lang Shuang', Shao Peng', Jia Li'
(1. Beijing Engineering Research Center of Food Safety Analysis, Beijing Center for Physical and Chemical Analysis, Beijing 100089, China;
2. Nanjing Customs Industrial Products Testing Center, Nanjing 210011, China)

Abstract The principle and device composition of the photometric titration method were briefly introduced. The
application of photometric titration in food analysis, drug analysis, and chemical analysis were summarized. In China, the
photometric titration endpoint was determined by potential change of photometric electrode immersing in solution, and
the operation was complex. However, photometric titration was accomplished employing a homemade photometric titrator
abroad. This procedure does not require the construction of analytical curves, and all the steps were carried out without
any action of the operator. In this way, it can be considered a fully automated titration procedure. Therefore, when the
application of photometric titration method is popularized in China, a series of fully automatic photometric titration devices,
assembled with the solution handling module and the photometer, should also be developed to meet the requirement of rapid
detection and batch titration in food analysis, drug analysis, and chemical analysis.

Keywords photometric titration; photometric electrode; potentiometric titration
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