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WEHW 2ainc &R aRH N ERAN T (Fe) 5 (Zn) 470 (Cu) 4 (Mn) T E &0 HOLE M - b &5 55 8 TR % (MAE -
ICP - MS) & ik KRB - AHBR 2 F AR Hm N ERANF R, RN ICP - MS F M 2, MM F 4 1350 W, HAREH
1. 10 L/min, 3 B 237232 4 1. 20 L/min, 25782 A 4 L/min, AL T % (Ge)VE A MAR , & by T A b AR 28 Fo L 24T 5 12 # 23]
FEAENTHRER FARAEM AT PRI M 7 kR TR S LA R BREA 1 ~100 pg/LEE A LSS GRERX Z R
W, A K A (r)=0.999 7,4 F L FA RRTEE A 0.042 6 ~0. 139 3 pg/kg, B FE A 100. 41% ~ 115. 14% , 45 5% R34 R 69 RSD
1 0.78% ~4.04% EEI® % kAR R R, TR BRI R G A N B R A P Fe,Zn,Cu,Mn 4 #2BTEHEE,
KB v BABSFE TR XR AR N TR 50484 %
R E 425 :R927. 2;R977. 6 XEkFRIZAD: A X EHES 1006 —4931(2020)21 - 0072 - 03
Content Determination of Fe,Zn,Cu and Mn in Intacted Protein Enteral Nutrition Powder
by MAE -ICP -MS
GUO Lei', SONG Yu’, SHAO Tianshu', ZHOU Changming'

( 1. Beijing Institute for Drug Control, Beijing, China 102206

Abstract : Objective

2. School of Pharmaceutical Sciences, Peking University , Beijing, China  100191)

To determine the Fe,Zn,Cu and Mn in Intacted Protein Enteral Nutrition Powder by microwave digestion and
inductively coupled plasma mass spectrometry(MAE — ICP — MS). Methods The Intacted Protein Enteral Nutrition Powder was digested
by microwave and nitric acid and determined by ICP — MS. The RF power was 1 350 W,the flow rate was 1.10 L/min for carrier
gas, 1.20 L/min for auxiliary gas,4 L/min for helium gas. The internal standard solution Ge was used to correct the interference
caused by matrix effect and instrument signal drift. Results The national standard material comparison experiment demonstrated the val-
idated method was accurate and reliable. The linear range of each element was in the range of 1 —100 wg/L,the correlation coefficient
(r)=0.999 7. The detection limits of 4 elements were in the range of 0.042 6 —0.139 3 pg/kg. The recoveries were in the range of
100. 41% —115. 14% ,and the RSD of precision test was in the range of 0. 78% —4. 04%. Conclusion The method is simple,sensitive and
accurate ,which can be used for the simultaneous determination of Fe,Zn,Cu and Mn in Intacted Protein Enteral Nutrition Powder.
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o V9 85 55 002 P I R B P 78 % SR 8 45 = i
FR PR, AT B 245 i S 200 it 45 ) 5 Th i ) 2 3
PRVEFERE 3G AB ST e WA B Bt I, 02D B V5 e ek
ey & 8k (Fe) VBE(Zn) VB (Cu) Vi (Mn) 2 A& b
TR TR, B EE R EBIIRE, Fe nl4EREHLIAIE
W RPEIIRE , Zn 2 SR N 1) G O #F & F , Mn
Y FF R IE F AR, Cu X i M 28 e R 58 Sl i
SRR & R REAT EEL S 240 R, W g o
BRI 4 EITR M e R e g o EE B
T, 5 T IE 48 o R A PRI a7 R
FHOEIEEETE S 1 i R B EIEE " A R B
EB TR IE (ICP - MS) 74 /2 20 22 80 X5 &
AR HE AR, HL R AR o A FRAIG R Y L, FLRE
LML IR RN, HRrE S 20 T8 2
BR800 A5 H ST T I I R (MAE) - ICP - MS
I 5 48 T 1 B i B SRR R T3 W Y SR 0 R AR T
fife, Xf ICP - MS AW TAES BT IR AL , R FH 3 BRI AR
B (KED) [R] B 2 Fpoe 2, 31 3 (Ge) 1 N ARt
FIREIE BUAGE IR o
1 UFE5RH
1.1 4=

NexION 300X 7 i 8% & 45 29 T IR i i A3 (55
Perkin Elmer 23 7] ) ; ETHOS One #8580 1 i X (2 R F)
Milestone 23] ) s Milli — Q FUHHAEKHL(SEE Millipore 237])o
1.2 7

65% iR (L2 4E , 15 5 Merck 23 ] ) ; ICP — MS ¥
W (3 Perkin Elmer 23 #) ) ; Fe A5 V7 85 MK
(100 pg/mL), Zn FRUEN £ (1 000 wg/mL) , Cu FrifE
It £ ¥ (1 000 pg/mL) , Mn FRAEN £ (1 000 pg/mL),
AR Ge ARUEIT 4 W (1 000 wg/mL) , ¥ [ F 5 br
PG K R 2K (> 18.2 MQ/em) 5 B 5 — i br
WS YT (N R ) [GBWO07601a(GSB —20) |, K 1 71
i N B SRR (A% S A4S 62.5 o, it 5 Bl
0136783221,0136752606 ,0136783224) , %4y 2017 4[5
FAREPE R IR A 55 FHAE & o
2 AEEHER
2.1 BREE

PIAR AR T K 25 B Ge bR vfEI 45 008 i,
5% T R C ) B R B R 1 g/ mL A PN BR TARIE I,
B UKAEVR K o

AR TAER W K5 % = I Fe, Zn, Cu, Mn #x
HE £ VRO i, BRSO, R S T R TR EE
1 g/ L BTR G AR EI A W5 0 % i BUR 5 PR eI 35
1,0.7,0.5,0.3,0.1,0.01 mL, K5 % A2 & N bx TAE
VW 0.1 mL, I 5% il FR V5 VMG B 22 10 mL, 15345 ¢ I

JCE R 3 9 100,70,50,30,10,1 wg/mlL, AR
JCE Ge MIFTRRIE N 10 wg/L (RS FRE TEAR,
B UKFAV TRARAT
2.2 FEmETahiE

FRIURE 5 1.0 o, KPR , BB M b, A
IR 6 mL, JRAT IR0, 55 B ANEEJE , B AR TH
FASCHR I A T ST A0, SBOT R R R - BB
MELAAFERREOMET  FEEERG, A 1%
TSR /T I B 2 50 mL 25 )i, 5 1% fiS R Ve 4 TH
FE 1% G5 TR 25, TR S A R A 1 Vo ] Bsf o)
7 25 FRF AOE T AR T L3R 1

PR T & ) =92

T HEW) AEEE(nin)  BECC)  HFEZFEE (min)
1 1200 5 120 5
2 1200 3 150 10
3 1200 3 180 18

2.3 ICP-MS %1

K KED k746 0, 43 2 7 80 38 5 T A i
FEREA T Y N B RO [ (Be) R K
F 3 0008 (Mg) RALHERKTF 20 000 4 (In) REERF
50 000 fli (U) R B B2 K T 40 000] K Ik T 7K F CeO
155.9/Ce 139.905 < 0.025 Fl Ce* 69.952 7/Ce
139. 905<0. 03),ICP - MS AHES L S5 R 1350 W,
FRAFHE N 1. 10 L/ min, i B F# A 1. 20 L/ min, I
BNAEEEH R 24 v/ min, FHRECH 30 WK, 45 B B[R] Y
50 s, EERECH 3 W, HAE O Bk =, S0 A
B 4 1./min,
2.4 JFIRHER

SRR R ARG IR 4 2. 1 T iR B &
PR TAE W, FEUEA T 2 , A0 25 P pm il 2 A 1Y)
FAE CY) AR AR HH R B i TR 3 (X, g/ L) A A Ak b
HEAFERAE R 1545 T0 & 1 1A 5 72 S D R B (r) o3
SR E A5 I 11 IR TS 4 Mot R bR 22, 115
1575 2 I B (LOD) Al fE B (LOQ) o 25 5 L3k 2.

K2 AAEOENER BBRALFRERER

rE owm/r GEEEFE SEER(wL) 10D (ne/kg) 10Q (pe/ke) v
Fe 56 V=0.3882X+0.0822  1~100 0.0826 0.2753 0,997
64 Y=0.1310X-0.2025  1~100 0.1393 0.4643  0.9999
Cu 65 V=0.2460X-0.1019  1~100 0.0433 0.1443 0,999
Moo 55 ¥=0.2410%-0.1082  1~100 0.0426 0.1419  0.998

BRUER ST AT < X [ G v o (N ) A5 20 A il
SE i 3 YCFATINE , 1845 U 0 R T i W - 4
I RSD , F 5 PR HEEREAT OB 2R D3 30 AT L, 4% ik
TG AR I (AR HE(E 9 Y LA, SR T YA VR P

TR 1S5 FURS 25 B2 3R 50 - BORE il 1 g, K 3 AR
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&3 BEHREDR(AZ)SHER(n=3)

AE MEME(pg/L)  AFEME(ug/L)  E#HE(%)  RSD(%)
Fe 15.51 18.0£2.5 86.21 3.61
Zn 65. 41 68.5+4.5 95.50 1.28
Cu 7.74 7.15+0.8 108. 28 2.54
Mn 1. 12 1.0+0.15 112.03 3. 66

L3 9 0y P53 3 AL, ISR I JU R B
&4 30,60,90 mg/L FIRA PR UER A 1 mL, 4% 2. 2 T
T ARG A TINE T ERE BE RO [ 4
W3 4,

k4 R MGR I fedh E R E R (n=3)

tE Hasg(ukd) wAZ(ug/ke) WEE(u/ke) =) HEE RSD(%)
Fe 69.426 6 30 101.9342 108.36 4.04
69. 426 6 60 132.545 6 105.20 2.09
69.426 6 90 162. 635 6 103.57 3.05
In 57,5092 30 89,4506 106.47 3.56
57,5092 60 12,6228 106. 86 214
57.5092 90 147874 4 100.41 1.75
Cu 9,654 6 30 44,1972 115. 14 3.93
9.654 6 60 77.133 6 112.56 218
9,654 6 90 105.4168 106.40 0.78
Mn 16.8732 30 50.763 0 112.97 3.63
16.8732 60 §1.2414 107.28 141
16.8732 90 109.799 0 103.25 0.85

2.5 MREFENE
KRARGT I EX 3 MEER TP 4 MERBTES &
AT 85 W 5,

A5 3MBZRTFANEELESEMNLLRE(HF100g 84 F)

Hb5 Fe Zn Cu Mn
0136783221 6.733 5.301 0.974 1.526
0136752606 6. 728 5.382 0. 958 1.525
0136783224 6. 708 5. 066 0.908 1.509
3 itie

FUHBACE AN E R c R & i, iR 2E 2ok
U5 TR A AL B R, s AR i ) IR AR A 145
FETEE A a2 400 R (o R K BR 5 T e ™ o 45 ]
AHIFGE R FH 42 5 1) R DU 9 0 T A SRE TR T % f
o I e R AR T R AR IR A, BT AR
FIEAIG  TC 2 i W BT 8155 4 S5 00 a1 7 T fidk ol 72
IR RE LR A IR , AT HA T LR , AR P A 1Y
Z R A BT A RFINIC R TN,

ZE B TR, R H MAE — ICP — MS 5 ¥ % % 2 1 7Y
JW 8 35 500 AT I T R e b, KR O 0042 6 ~
0. 139 3 wg/kg, J7 45 % LI IR 1) RSD 24 0.78% ~
4. 04% , IEEENSCR N 100. 41% ~ 115, 14% , 5 F Kb
T JoT 1 00 7 235 SR 55 0k A5 A o (EDRR AT o 32 0 1 A R

%

%, AU =, AT R 2R oc R, H B RS

FEFING B R, AT I T s AU N FR R Fe, Zn, Cu,

Mn JC & W& s , iy HoAth i 8 8 57500 28 25 W == T

R T 5%,
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