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Development of deoxynivalenol purity certified reference
materials for agricultural products detection
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Abstract ; [ Objectives ] The purpose of this paper was to develop the certified reference material (CRM ) of deoxynivalenol (DON) ,
so as to provide materials basis for the requirements of DON detection in agricultural products. [ Methods ] The purity of the prepared
DON CRM was determined by two methods, including mass balance method and quantitative nuclear magnetic resonance (qNMR )
method. The mass balance method included the determination of DON principal component content by liquid chromatography-area
normalization method, the determination of moisture content in DON purity certified reference material by Karl Fischer Coulomb
method, the determination of volatile impurity content by headspace gas chromatography-mass spectrometry ( GC-MS) , and the
determination of inorganic ion impurity content by inductively coupled plasma mass spectrometry (ICP-MS). With regard to qNMR
approach , benzoic acid was used as the internal standard, and the purity was accurately quantified by the internal standard method
with appropriate resonance peaks. The obtained DON CRM was further verified by determination of the uniformity and stability , and
the uncertainties were thoroughly evaluated. [ Results] The purities of DON determined by mass balance method and qNMR approach
were 99.47% and 99.45% ,respectively. The purity of the prepared CRM was assigned as 99.5% with the expanded uncertainty of
0.4%. The homogeneity and the stability for 12 months at storage conditions were satisfactory. [ Conclusions ] The newly developed
CRM in this experiment fulfilled the requirements of the Regulation of Reference Materials. It had been approved as first class of
National CRM and had been used in actual DON detection in agricultural products,i.e.,maize and wheat.

Keywords : deoxynivalenol ; reference material ; mass balance method ; quantitative nuclear magnetic resonance method ;evaluation of

uncertainty

Ji 52025 i 9k ] TR 6 % ( deoxynivalenol, DON) | XFRIR B2, & RS9k T 18 ( Fusarium graminearum) |
PR T ( Fusarium oxysporum ) FIERERHHE T1 B ( Fusarium moniliforme ) %5 7= A i) —Fh 51 2 8) B35 10 B 4 R
FHEWER" . DON B 2wtk (TS et A i %) Agde st R AERR EF AR
%), E PR SE A 5 HLA (International Agency for Research on Cancer,IARC) BHA N =RBuE 2 — 1

5 H#5.2023-04-12
EEUA . EEK B AR EETH (32272442)
EAEEE B, T R, AR NTUR L 25T, E-mail : hanzheng@ saas.sh.cn,



3 A A ™ AT 0 S 5 8 e 70 T s R o oy ) A 565

DON J54e/NAZ K K 3 S 45 W B il i, 5 e b X3l A 4 K, 25 AR 3l 4 4 B o K G 28 42 XL
RO E T, S FE P R DON B B RS A T AR R, B R R e R AR E
U R R BB B 2761—2017) MUE AW XI5 DON B FREHRYE N 1000 pg-kg '™, DON 46 &
A7 it JoT e 2 A A PR ] B E PN A T DON &0 BEBRHEY) TR AR AT ER | T SE R I 25 SR R e, AT,
R 52 06 2 5 BR P AR S A A UE AR P I AR I E TAE 0> TGk (R e G I 235 SR A v o ] 5
ST iR PR, B DON 20 B s o 40 Jo -4 G FH 4 7 ksl v 23l 22

PR R — R e T A — s RS ST R TR A W SR s R LA e R A e
PEAFRE A0, 76 H R AUER A A v SR LA AR 0 BB R AU bR U ) AR AR T T A AT
AR BT R AR RIRE S S R PR EAE T 26 E E KRS R BEFEBE ( National Institute
of Standards and Technology , NIST) . 5% & B Jif £k 24 5256, % ( Laboratory of the Government Chemist, LGC) (KK
PREY) 5 B F 58 B ( Institute for Reference Materials and Measurements , IRMM ) 222005 T 2% DON 5
WP, EZALHE IRMM W69 25 DON AR E ) 5t (IRMM-315) | F KA 7 DON 25 [ 43 43 b
#EY) 5T ( BCR-377 F1 BCR-396) Fl T KM v HL 3 5 2 80 43 A s HEY) 5t ( ERM-BC717) T 240 B A v 40 Jo
VAT Romer 3256 Z W A9 DON A4S B-MYC0320-C #l B-MYC0325-C, [ P4 H it 2 W il 2 Fh DON 45
WEPI I, 2 B2 A 55 W VT 48 950 T By 4 4 v G BF D 9 TE RS TR DON K 43 43 A A 1fE 4 B ( GBW10112,
GBW10113 1 GBW10114) ; [E M & FH G it 25 Ja Bk 2 i 55 e Al 19 42 22 83 b DON 5 43 43 Al b 1 40 ot
[GBW(E)100382] .42 ¥ DON Fil F K 2l B 45 i 5l 0 3 AT b v 9 5 [ GBW (E) 100383 ] &2 ¥y 4 Fp
BT R bR B [ GBW (E) 100816 1 GBW (E) 100817 | 1 Z. JiE o DON ¥ W r 9y J5i [ GBW
(E) 100304 ] 5 [E 5 PR35 W i fC A ) A9 Y B DON i W bR E Y 5 [ GBW (E) 100784 Fil GBW (E)
1007851, HHTE P& T DON FRifEd o AR5 3 B4 v 78 15 bR v 90 0 RS0 S A b E 0 1, % DL
DON A R4l EAREY T HRIE . DON E R —R 2l BEARE oAb F25 11, mAERR ST . A5 L A F4lifk
FENH9 DON A JEURE, MR — G br v o F AR JTF1006—1994 ) 28 TSR | R ot k- iy o A0 5 ek A
RN DON AT HER S P70, RS %42 T DON 4 BE AR MEY) B 93 501k Fa e Mk o HLATAL HOR i
B HEST AEMERA AT SE  PTWAR Y DON Sl EEFRUEY T, A DON BRI TSR 4 Jot 5Ll

1 #HEFE

1.1 iKF 58

SR PR AR (FR ) AR ifE) B [ GBWO6117, 46 4 99.993% , M R ASHA 2 B (k=2) 4 0.02% ] |
IRy FRUER) i [ GBW13518, FH{H M (9.90+0.20) x 107 | . HI i ( GBWO6111) . Z JiE (GBWO06113) | 1F & bt
(GBW06116) PNl ( GBWO06115) . 212 Z. T ( GBW06114 ) ¥ [ v -2 FF A B 55 B ; Coulomat AK JE
TR BAA R A A2 Fluka 2] ;570G B 3 526 Sigma 23 A

XEVOTQ-S 8 25 OB (515 — 3 15 T 3% A% ( UPLC-MS/MS ) 18 w25 2500 AH (0,338 AN — — 4% 45 4 20) 46 ) 2%
(UPLC-PDA) ¥4  [ 26 6 Waters 23 i) ; METTLER TOLEDO C30S /K 5 4K 7K 43 AL Fl WXTS3DU Mettler
Toledo BT F P14 [ His A4 88 — A 2223 7] 5 Agilent 7890A-5975C T %S [ Bl kR A (031 - %X
(GC-MS) g F 5[ AGILENT 2 F] ; AC—80 A% AR I35 UW F FEE Bruker 24 7] ;iCAP TQ HILIEFN G 55 25
FARBIEAL (TICP-MS) I [ 3¢ FEFEER RN H]

1.2 EEYHEERIEV RIS &

DON bRy I 5B N A S2 86 38 [ 32 46 0 Zoad E— 2L Al Ak A5 5] © R 2246 1% 45 07 1 k4T
TSR EBARKH R0 5.15 ¢ DON 4iEARIEYI R Y, 2308 TR 4 °C B E A7,
FEFF S DON b ) J53 40 1 7 (B (A4 o A vk AU ARG LR ) I B F 42 9 DON 408 3 s M 4y J
Y, B MERFIAREL 20 mg, 432% TR TTMIR N , JE 235 3 100 M2k, A deoh 1 Moo, 51
-20 CIR#FE.

1.3 MR

P B —FARED) TR . JIG 1006—1994) 7 AR SEHLE , Al £ 354519 DON 4l B ofi 40 Jo v Bt AL
IURE 15 M2 AT B0 BT T URE 5.0 mg (FRe/NBRESR 9 5.0 mg) , B IURE 3 IR, B 210 E 4%
1 10 mL i, CIEE S Rk RS WD FE S L 400 pL MRS T 1 mL 2550, R H
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Fist/ 7K (20 :80  ARFREL ) 22 25, 4 ¥ TR 50 i >R P 8 v 280 AR €00 33 — — S B 31 RS TV ( UPLC-PDA ) AT 00
3G BCPEE , M 25 R 22000k 4 F K5, Gt K I hn v i i 34530

UPLC-PDA K £ 1 . (23345 ; Agilent Poroshell 120EC—C,,( 100 mmx3.0 mm,2.7 pm) ; FishAH: A 4
FHSE, B AHCAK . DEMAR T - O BE/ 7K (15 :85, RFH LE ) S5 BEVEIBE ; Tk - 0.2 mL-min™ " FAE L .3 wL; R %
1::218 nm; FEiR .40 °C
14 BEMER

HRAE(—BARAEY) TR JIG 1006—1994) 7 F LR G RE S 23 B T 4 °C (BEBUIRIRE S &)
60 °C (B BRIz i 2510 ) TAELE, 3 HIAE 0.2.4 6.8 d BEAT4a Fa e PE Wil . i) o 0 1K 098 5 1k %
FE AR L PRI A, #e BROE 2 J5 B i JE 0], 5 28 HAE -20 C 451 F 0.1.3.6 Fil 12 A~ H fa e v,
R U 3 AN BT B0 BT IRURE 5.0 mg, A IURE 3 WK, 55 RS A6 E SRR 10 10 mL 2
ORGSR Wk RS BB FE S EL 400 pL B9FE SR T 1 mL 2580, SR H B/ 7K (20 :80, 1A FH
o) 245, MG IR 215 R UPLC-PDA B (R3S A A I 7 2% ) SEATIN A 3 W, BOF3ME, R H& A %
XRS5 AT
1.5 DON #iEfREYREE
1.5.1 REFEZR RAFEEHXT DON 4R bR IEY)TE (A, 245 R FH RO 60 i AUE — Aoy ikl e
FIATEERE R AR IR PR AR TR 7K o3 i, SR ) GC-MS I 482 & M 4= i % 1, DL SR 1CP-MS
SETCHLE i, PR UE I 25 R B R 5 R v | 88 FH R AN RS B 2 3 e e T A A vE ) A

TN (Py) 43 BT« W AH (0335 45 7F . UPLC-PDA #5:30 #5% ; {4 3% #: Agilent Poroshell 120EC - C,q
(100 mmx3.0 mm,2.7 pm) ;G ahAH : HEE/ 7K (ARFRLE R 15:85) ;0.2 mL-min~' ; #FFE 5.3 wL; UV 3
£..218 nm,

KA R (X)) MAE R AFRUER BT R IR SRR MR TR JS | HERR AR DON 4 EEAREYI T 50 mg,
I AT E AT E . A, 8 T IHBR 2SS oK o X I e 25 SR s e BRIt #8 | BTt R ] 1
A S K A3 A FUE, DE E AR 2 FUR R B A A5 R

PER AT (X, ) F 52 . DON il & ol 7, H 2 R WG SR LR, AR 87 1 5 Fh
FHARH) (B 2 F O b IR . 22 Z18) 75 DON 2l BEARAEY B b % B RS 00 . MEBA PRI 50 mg DON
RERHE T 20 mL THESH G 15 TRESHE DA 2.0 mL 7K, Sr DB EF TR0 ] 45 25 1 V8 TR 1
VT, GC-MS [/ Bk 21 . TiZs 451 . MR BE R 85 °C 3 AR M 4R IR E 1 220/110 °C 5 b FE LR B . 220/
100 °C ., {434 . DB-INNOWax (30 mx250 wm,0.25 pm) ;250 @/ Wk . 1.5 mL-min™' . FERESAE. B
B TR (ED 5 B FURIRE . 230 °C5 LB RE R .70 eV PUFFIRJE . 150 °C; & Mmai=t,
G 20~100 amu,,

TCHLES PR (X)) S Bl 5E 2R ICP-MS Y AE 14 R (BN BE 85 B0 AR Ak 0 50 BE B 8% LT
B Y B UL AR IZ TR AE DON RGP ) & i, MERRAREL DON ZEEE W) 5t 50 mg T I i 9
SEH A S mL SR , ¥ BSOS I A AR A E AL R IEA T A . W A B 28 T RE S5 HER, b i
AR N 55 BT R R AR P IR R BB A A S min, FZKGE R 2 10 mL, IRA15H , AR 4525 (A
RGATN

pigsa RV IN R = RN W (1

P=P,x(1-X,-X,-X.),
Ao, P oA B T I DON 2B 9y i i) e A 46 B 5 Py o 32 835 19 T AR E — ARy 1 S R4S i 4l B 5 X,
SRR X, AT T i X, R & i,
1.5.2 TEEREHEIRE EREEERE S TR E 55 B 08U 77 AR A N iR ik 2
(4 R FAZ R T B 1 G 2R, R — 4l B 60 ELSS F S R A o ) I, B0 A2 2 o 4l A i)

A3 HIFREL 10 mg R 28 0.01 mg) DON ZEEEFRHEY) T AT 10 mg CR5 2 0.01 mg) NARY) (KB IR ) T [F]
— VM, A B 7 22 58 i i e R AR N 5 mm BREE T P47 6 4y 1,

"HNMR I %E S50 30k bk /B 30°, 14515 58 (SW) 16.0 ppm, & H1.0 (01P) 7.0 ppm , 5t 7 B[]
(D1)5 s, RAEUEL 128 U, BRI 295.8 K, 4203 45 228, Ik il F 91 2230, 22 204 6.60 ppm(dq,J=5.9,
1.4 Hz,1H,H-10) #17.59 ppm(tt,J=7.4,1.4 Hz) ,
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I, ng M, my

ERRRHRE AR P =g
2 P R IR RIS A5 16 DON SURERREY) B 400 51, i DON 455 M BN T AL 1, 4 IR
YK E W BUN TR 0 I BRFE E W O RRERZ 8 n, 0 DON $87E MR RBERZ 8 M, 2 DON g
G IR 5 M, 9 PR 953 it s IS0 6 58 B 5, g DON S0 S8 bl 90 R 1) Bk k5 P, 4
PRSI
1.6 RHEETH

DON 4[i B AR vEY) T 0 B R B R B 3 B2 S AT ARG A 5 I AR AR 8 (uyy, ) o RE TE 525
AR 5 JE (IR M w, RV SE P ) (SR A (3 LA BB SE E ()
1.7 BRSNSt

P B R Excel 2010 BPFIEATETHARHT. SR 8008 38 7 22 S0 WT A T 20 RV I 928 5T VA
5o R HEAIE G TR E LR

2 ZERE545H
2.1 DON #iEirEY R 5 RIS

SRR R 7 28 3 A ide AT 4L N R IA) 35 S) PR 36 MDE S5 R ANSR 1 FIT7R . F<F5(14,30) , % W]

AN RN ] JC B i 25 5% DON 4B BERRIER) B A1 2 1 R AF AR S AR v iR T 25K
#1 DON #EHRAMRI S ERE

Table 1 Uniformity determination of DON purity certified reference material

std 9

Y1511% /% Uniformity

#5 Bottle number

1 2 3

1 99.46 99.39 99.41

2 99.50 99.45 99.44

3 99.37 99.49 99.42

4 99.54 99.49 99.43

5 99.39 99.40 99.41

6 99.38 99.39 99.44

7 99.55 99.48 99.39

8 99.48 99.46 99.54

9 99.49 99.44 99.47

10 99.46 99.42 99.52

11 99.48 99.45 99.47

12 99.42 99.38 99.47

13 99.44 99.47 99.55

14 99.44 99.51 99.43

15 99.48 99.41 99.47
FHI{E Average 99.45

2H ] )7 22 (S, ?) Intra-group variance 0.002 8

N7 (S,?) Inter-group variance 0.002
F 1.37
Fo,05(14,30) 2.04

2.2 DON #EfRAEYRIEEERE

PR E T 4 C 60 CHEIRAR T ORAFE, /3 WITE 0.2.4.6.8 d FEATRIAREEIE I, [Al), 7E-20 <C
M RAEAE 12 D H 43 AE 0.1.3.6 F1 12 AN H B XA f 471 ARG P Aar I, Az 0 BS  Fn 4 1 45 21 L
2o 1b1<s(by) ~toos, o, 2 WA AT B A BR D) B A SRR T A 00 RG e MR 38 R A A S PR e BT R
PSR R
23 RETEEEE

T IO S RV BE LS TSI L R, LA B i) N SR BRI L R S 4
WA Py 3 B R AR B (I B AR R DL 1.5.1 799 ISR, R 5 SR 06 43 8 B e (181 1) R
TSI E 6 i DON 26 BEARHED) BT , 3 A3 20 BE ) e 25 SR a3k 3 i
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Table 2 Short-term and long-term stability determination of DON purity certified reference material

FEWIFAEE/ % Short-term stability KIFaEPE/ % Long-term stability

AflE]/d  Time 4C 60 °C 1A ( A ) Time ( Month ) -20 C

0 99.45 99.44 0 99.47

2 99.46 99.54 1 99.46

4 99.51 99.49 3 99.45

6 99.43 99.45 6 99.44

8 99.47 99.46 12 99.48

FHIE Average 99.46 99.48 A Average 99.46
b, 0.000 5 -0.002 5 b, 0.001

bo 99.46 99.49 by 99.46

A LT Linearity Y=0.000 5X+99.46 Y=-0.002 5X+99.49 5 HE DT Linearity Y=0.001 0X+99.46
s 0.034 2 0.045 7 s 0.017 4
s(by) 0.005 4 0.007 2 s(by) 0.001 8
t0.95.02 3.18 3.18 £0.95.n2 3.18
s(by) *to.05.n2 0.017 2 0.023 0 s(by) 05,02 0.005 7
= IE}J f::;j%g?bo FRFEIE ;S AR ETLIIBRUER 22 5 (o) TCRBIRMIAREN 2 520,05, [UR EAG MR 0.95 H BN n-2 (1 1 5345
Il FHE

Note: b, represents the slope ; byrepresents the intercept; S is the standard deviation of the line;S ;) represents the standard deviation of the slope ;
t0.05 n_n Tepresents the critical value of a ¢-distribution with a confidence probability of 0.95 and n—2 degrees of freedom.

0.000 6 0005 B .
4
0.000 4 0004 :
0.0002 0003 - |
0.000 0 | =
=2 o) =
0.002 - <
< _0.0002 < | ‘\
-0.000 4 0.001 - J \
-0.000 6 0.000 ___W\.__,—»———-f* Tri—
_0.000 8 Il Il Il Il Il Il Il Il Il Il Il Il Il Il _000] Il Il Il Il Il J
0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 0 5 10 15 20 25 30
t/min t/min

E 1 DON #i E#R A R UPLC-PDA &iLE
Fig.1 UPLC-PDA chromatograms of DON purity certified reference material
A2 FTHOR TR/ 7K 201280, BT ) 3810 3 B3I 4 1500 9 DON 20 b 490 0 R 1 P 1/ 7K (20280 , PR ) PP €6 P, Wk
J¥2 200 pg-mL™',
A. UPLC-PDA chromatogram of blank solution ( methanol/water,20 :80, V/V) ;B. UPLC-PDA chromatogram of the prepared DON certified
reference material dissolved in methanol/water(20:80,V/V)at a concentration of 200 wg-mL™".

% J&3) DON 43 &5t B rh B ry A DL, I 1T EE G GEC B N LR R 5 Fhs A DL
FIFERES TP AOFR RS &5 R anE 2 Bz, DON 4 B AR ER) 50 oA JCHE K M2 s i 5% 1

KRR PRSI E T DON SHEEFRIEY) BT 17K 70 2, >R A ICP-MS iR T TeHLES 119 &
BRI 3 IR, 152 DON 4l Y i e R4 99.47%
24 TEEZHMEREEE

RAREE ARG LR G5 A HERR P | B X TR AR i R ARG IR I ST T RS
PALFN G, STAREE R BIREREEK DON 1P A5 4 [R) B 12 m AR 5 b B R A g B, HAS 5 DON
FAFRY) & AR Y T DON BB K , S #8514 H B2 ( CH, OH-d,, ) 1 M A58 54 Rt

WHRI IR RERRIE D - By v TR, fb 2 a5 i de e , A SRR G W s, T8 T K — Hhn HEY)
JRUS AT AT AR AL A B R R (GBWO6117, 415 99.993% +0.020% ) , — Z bn Y
FaB —H R (GBW06106 , 41 99.990%+0.008% ) o H1 T-41 4% — HY IR U B A A HY B b S Vs i, il
PR RAE N E(E R AR

B FEI I SR BT N T T4, 52 B A B i SE i A /0N ) H RSP AR A A5 AP STk
DON [Y5E B 6.60 ppm(dq,J=5.9,1.4 Hz,1H, H-10) , 2K ER K 2 8164 7.59 ppm(tt,/=7.4,1.4 Hz) ,

FERAERME T, EAL RGOS BN K 3 iR, 6 A FF b 5 A% e 4 v 0 5 465 53 31 99.43% |
99.45% .99.41% .99.48% 99.45%F11 99.47% ,*V-YH{E K 99.45% , W3 A% B AR IE Sl BE e (B A5 R R 99.45% .,
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B2 sHELZERF(PE.ZR . ECk AR .Z2BRZE) (A) . ZH(B)
#1 DON Z AR &Y B (C) MR GC-MS Eif
Fig.2 The standard GC-MS chromatogram of five volatile solvents( methanol , acetonitrile ,n-hexane ,acetone

ethyl acetate) (A) ,blank(B)and DON certified reference material( C)
%*3 DON @EEYNRERETEENENRLELE

Table 3 The final purity of DON purity certified reference material by mass balance method %
EizE i 0 P fE i fi 22
Index Bottle number Measured data Average Standard deviation
1 99.68
2 99.69
Rl 40 i
| CRRURLE ) 2970 99.69 0.007
Principal component purity 4 99.69
5 99.70
6 99.69
1 0.162
2 0.159
Ko 3 0.157
1 004
Water content 4 0.159 0-159 0.00
5 0.152
6 0.162
1 0.062
2 0.059
B 7S R A B
ROLETARM AR ) 0.060 0.061 0.002
Content of inorganic ionic impurities 4 0.063
5 0.064
6 0.060
AL Final purity 99.47

25 2FARREMNAEAEEEESER

DON ZEEERRUEM IR A0 E (L 2 PO IERRE , B SE AT F ARSI 2 Ff 7 34 5 (6 B K08 A7 S5 0 E A
%o, SRR 2 RhOSESERE . BEJRRI ¢ LB AT — BV, SR 2 Bl 5 I R E fE = 18]
JC R 25T

i LTIk it PRI ¢ RS, R 2 MO IR AOIE (AL, H 2 MRl E (TR C R E T2
% DON 2l Z W FUE (ST R 0 2 B[R] IR T I 2511 - 24, ]I 99.5%
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onen — — AN 00 OO DN MO 0O~ NON—OQRAD \O <t en —00\O W enon— 8 _
Sooo wnnIIYonn QARR e NENN=00 T I ORRAe— S 3800
BRLY SUUCEeSs WYY WY fUorios gsinazaTs T 3600
43400
S B B <3200
IR IR A i U i
Quantification 3000
peak of benzoic acid 12800
/ +2600
| <2400
12200 2
=1
42000 2
=S
11800 1
4 |
1 600 =
41400 =
=41200
DON/E 1 ' =41000
Quantification ! 71 800
peak of DON I 1600
j b ! LJ = 400
| |
n " ny _ 200
___AJL_JJ A J il UJLL LIL; 0
L | | | | | | | | | | | | | | | | _200

| |
90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
F1 (ppm)

B3 DON #EiREMRMERR(NR) ERKPETHEESIE
Fig. 3 Quantitative hydrogen profiling of DON purity certified reference material and benzoic acid in CH;OH-d,

2.6 AHEEITM
2.6.1 HEAMKRIESINPAREE DON 4Ry IS MDA DA E .

1
uy, =Sy = ;( Sf—Si) =0.0159%,

oS, ISR IR 2 5 S, 2 WALE 225, AL TT 25 0 A 9IS TR AR
2,62 WERBSINMAHEE MIIREHTIADARIERE 50 4 CH uy, =s(b,) 1=0.043 3%7F
60 C 1 u,,=0.057 8%, EHFHEKMEMEF ety EMAEE, BV E S 2T | A A2 B
u, =u,,=0.057 8%, KFEMESIAMATIER (u,, =s(b,) 1=0.021 7%, Hrp s(b,) NIIE ELER
BRI ZE , ¢ SRR o W I EsF ]
2.6.3 TEESINNAWEE )RS FEESIAMATEE .

O 3 AT A 3% - 1 R — i 5 AT E B [ w(Py) ]

D5E TP ATIBREATAAE B u, - BEPLEEHC 1 A28 A0, E SR RE 6 K, %% UPLC-PDA LilE
A E S I E S5 SR M 99.77% .99.82% .99.81% . 99.78% .99.74% 99.75% , “F-HI{E 1 99.78% , hi i fi 2% K
0.031 9% , 5 B M5 | AMIFRUEATAEFE v, =0.031 9%,

A5 AT TEAN AR I 39 4 T i 17 25 575 | AR B E JE () IR A AT

JZ ui_i Z, (B ~ Biiﬁ)\)z
u2: i=1 — i=1
NG

NG
KB, HTE S DRI T B @ B R E o B 5 By METH IR R LAY i (T E A S 5w, N
BT i PASHAG A2 B i
A3 HINSE T 210.218.230.240 F1 254 nm JEK T DON FIZL R4 A& H AR T 23 b, A3 5 w, 4 0.01%,
ARSI BR 5 A AN BE N wy o FHF A0 ATt B v 07 AR ARG 00 R 31 BT PN SR 02350 43 AN o T 22
AT

u(Py)=./uj+u; =0.033 4%,



3 A A ™ AT 0 S 5 8 e 70 T s R o oy ) A 571

Q7K A3 B 1A AN 22

FBALHG R AN 22 BE K 43I0 2 A e B R MRS AR E B, R RSP v TE 5 P A A e 25 S
B AN E FE 4 0.03 mg, B IR MRS 70 A5, W46 530 B8 B 2EANH 5 2 0.03 mg/2=0.015 mg, it LAAHXS
PRUEANE B 0.03% 5 53 41, B I 25 FE T 0, R JR 2R AR K 43I0 s 4300 5t 1) 7 52 14 5 | A A o8 B Oy
0.004% ,

PR, K A3 5 AN E BE u (X, ) = +/0.03%%+0.004% =0.03%,

@TCHLES T2 B 51 A A @

FEALFE T AN A ICP-MS Wi FE G MRS R R E B RSP TE A5 nT A5 R 25 SR 1
PR E BE N 0.03 mg, B ARMIEZ 2040, W Y B 288 2 B2 4 0.03 mg/2=0.015 mg, JIF LAFHXS b
WEARTHE ] 0.015% 40, il g 45 5 a0, ICP-MS Il 8 & 15 R A AT E K 0.002% .,

TCALES A B E 5 AR E BE 2u(X,) = +/0.015%°+0.002% = 0.015%

() Jo o - 325 () AN S

it AR AR S B w(P) THREARXIT .

(P)‘PXJ(M(PO)]ZLUZ(XW)+u2(Xn)+u2(X‘) _
’ ) P, i (1—X“—X,L—XV)2 B

99'47%XJ(0.033 4%]2+ 0.03%°+0.015%"> — 0.047 2%,
99.69% (1-0.159%-0.061%)*

2) FE ARG ILIR L T A AN 2 B

FE LRI AR BE [ (P ) 1L I 2 AN 52 B L 40 o o P A0 2 B L R i N0 2 88 L Y
B2l AN 2

OF3 HTAI AN B w (1 /1)

SR A R FETERE T qNMR 2302 25 51 B AR XA o i 22 267 , S0 E B8 0.018%

QWHRPIA B FRARME BUFT DON 40 BE AR iEY) 5 R SR AN JE w(my, ) Al u(m,)

P RS EIE 35 AT A5 A LS SR 0P R ANHR A FE N 0.03 mg, B IR M IE 252040, M5 i B 25 A1 &
J£°4 0.03 mg/2=0.015 mg,

TR E R . u(m) = +/0.0152+0.015% =0.02 mg,

QWIRY A EEATEE u( P,,)

PIBRA A T R (%) 2 BE AN 2 B2 Fh A 9 e 13 3K A5 , 97 AN 1 38 B2l 0.02% , B RN 7 FE
0.02%/2=0.01%, PFRPIAEEEARRHARAEAHE B} 0.01%/99.993% =0.01%,

@5F Jot s A ERE w(M,) Fl (M)

DON FI AR B R AR XS 43 i AR AN 8 B TR A

u(M)= /il[zv,u,r,

XN, TR R F ARG u, 2 j TCR AR R T i i ANB 2

R4 TUPAC FEPBRJEF 5 2, 3 P (1 A IR 7 5 i SR 5 . C 4 12.010 6+0.000 577;H A
1.007 975+0.000 077 9;0 & 15.999 4+0.000 214, XF FHENICEK , Hobn i AH 2 B A He B &) 4y A e Ak it
K, DON 1530 F 2N C5Hy O, FIXT 70 F T S 296.314 9, HAFRUEATHE JE .

0.000 577)° 0.000 077 9* 0.000 214)°
u(M)= 15% +| 20— | +| 6% =0.005 1,
/3 /3 /3

[F) B, BRI IR (C,H O, ) BUAHNS 731 it o 122,120 9, HbR A E & w(M )= 0.002 4,
g b R e R S RE I B ) PR VAN A S EE

u<PNMR)=PNMRXJ[u(L‘/IS"')j +[u(Mx)j +[u(Ms.d)j _{u(mx)] +[u(msld)j +(u(Ps[d)} ’
I.r/lstd M.r Msld m;\ msld Psld

Kb cu(1/1,,) /(LT ,) SRRy TR A AR AR AN B 2 B 5w (M) /M, 29 DON AR 705 JB i A AR X
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FRAEATIE FE su( M) /M R 2R B R AR 43—t AR XS R VAN B 2 B 5w (m, ) /m, A DON 2l BE AR fEH)
R i AR XS R AEANT A FE 0 (my, ) /me, R AR 28 Y B ) A X R T AN 28 B 5w ( Py ) /P oy R
YR IR 60 BE AR X AR AN B 2 T
w(Pyyr )= 99.45%x
(0.018%)2+(0.005 1/296.314 9)2+(0.()02 4/122.120 9)2+(0.()2/10)2+(O.02/10)2+(().01%)2 =0.283 6%,
AT 2 PP VR (LSS A AR TR, B, 8 (45 RN 2 (e, ) THELANTE
0, = 0.047 2%2+0.283 6% ~0.143 8%
2.6.4 EHIREARHEE LS AHEE R 15E RO E B (uepy) , THRATT .
Ucpm = ufhar"'ulz)h"'uis"'uis =0.157 3%,

265 YEABEE VEAMEE(U) U=k uy,=2%0.157 3%~0.4%(k=2) ,
3 iS4t

DON 7 tH 3 6 P 0 48 4 K Lkl o I A7 AR 2 NN sh g Rt ok B R B 48 4 KUK A i) o o
TR LR B AE TAE R L FR 2 — R, B AT A S N DON ARiEY AR 4D | i H FLali
BRI 2 | 2T S IE AR TF R

A5 R FH IO 2tV A P A% AR 2 A [R] B A 5 i X ) DON 40 B8 A v 40 I i A 7
B, B P — Az Pl SR Y (R AN TR S Sl B o — ]
B (H 7% KoK oy FE R o TCHLES T35 22 T 5 1 DN 100% Th B, FAR 8 = 24143 e A AL 4 rh
(0 E 43 LR B 2 AL B Al %) i WA T A 2% T 0 R A I R 2 o, DRI, RSN BERS 57 4 E B
(2% 0 ( UNTJE SR AN MY 2% B 43 ) T RE SR MRS (LG SR . Ry 17 oo~ o 0 o 5 R A o P, TR
E— 20 R FH R R ARG LR A T2l B A, TR R H 3 4R 2 2 AT %) O 250 55 R b i i g T R 22 ] 1 O
FHATE R, AT DA RGE IR R A BT R P AE AN 2 o JF Bz W 2R i i A BT B R D
FE I ) 25 SR B E T SR AR 0, HRTE SO —Fh S22 A0 & W 2l B 7 i . AR5 vh e S Al
FLR TR 0 25 55 o VA 0 5 SR — 3, U I AL SR TS

N R e Ay e A A5 S e K P R AR A, A0 BT AN S B TR i i A e T
A 5T HOASHH 28 B (R VTAG 25 5 7% B T 3 SIS0 5 | ARSI 58 B R e e 585 | A IR R 2 B8 LA S 4 g
S AH (0T A VA e AR RS R T 2 PO (H 520 I ARIARE € B, P 8 ARG AL IR L 5 I AR AN
SEFE b BBy IF HAE S EA BRI B S I ARRH R, KR (A FRE AR 4 1 DON) 5]
A RANHS 5 B A3 F AR A 1 o e R LA o 48 13 DT (AR % B R R AT e et A iR e (5 | A AN
JE 4R e e A o A AT R

T COMAR B0H % | [ AR i SRS 6 A if) & BE, [ P 2R WL DON A UFE &0 58 A5 9 o, [ B
FAYA Romer SEHZE B DON #5745 B-MYC0320-C F1 B-MYC0325-C, H4li 5 Ky 99.4% , ANH & N
0.6% , Al JER TAHIGE A DON 4l BEFRAEY) B 19405 99.5% , T AN & JE R TFAHIGE H DON 4l BE bR i) i
AR E L 0.4% . 7T UL, AW W6 DON 46 B Ry ik 21 E Proe it K-

M2 AW IS T DON S EERRIED BT, 5B 99.5%+0.4% , ¥ 5P R AT, Hi 2 12 A DLk
RS E TR, B B 0 SR i VR O LD H 4R B K — AR 5T, 45> GBW 10166, 1] T4
P DON [ PEFIE SR, DL & DON Rl 7 3 i 3P0 o i2bm HE S5 e il B By, SE4h 1T E i [ 9
DON — 4l FERRUED) T 125 1, A I GRAR 7 o o 0 4 XS DAy -5 AW 00 00 W0 2R 1) s ST Bt T S B2 () 4%
ARZFFGY FRIE,
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