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Comparison of Graphite Furnace Atomic Absorption Spectrometry and ICP-MS for Determination of
Aluminum in Compound Amino Acid Injection

XUE Qiaoru, LIU Bingying, CHEN Zifeng, HUANG Lihua, LIANG Weiyang, DENG Feng"(Guangdong Institute
for Drug Control, Guangzhou 510663, China)

ABSTRACT: OBJECTIVE To compare the determination methods for aluminum residual in Compound Amino Acid
injection by graphite furnace atomic absorption spectrometry(GFAAS) and inductively coupled plasma-mass
spectrometry(ICP-MS). METHODS The content of aluminum in 59 batches of Compound Amino Acid injection produced by
12 pharmaceutical companies was determined by GFAAS with polarized Zeeman background correction and ICP-MS.
RESULTS There was a good linear relationship of GFAAS in the concentration range of 540 ng'mL"!(»=0.995 3), and the
average recovery was 100.1% , RSD=4.80%(n=9). There was a good linear relationship of ICP-MS in the concentration range of
5-100 ng'mL ™" (+=0.999 9), and the average recovery was 104.7%, RSD=1.75%(n=9). CONCLUSION The measured values
of the two methods are basically the same. There is a significant difference in residues of aluminum between the products from
different manufacturers and it is necessary to control residual aluminum in Compound Amino Acid injection.

KEYWORDS: atomic absorption spectrometry; ICP-MS; aluminum; Compound Amino Acid injection
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Xof A7 SR T K ICP-MS il SE B S i
P AT LR, SRR S B R T O R AR e
Ji R BRI
1 NES5RH
1.1 4R
THERMO SOLAAR M6 HIJ5 1l 4356 6
FETFGEE A F]), B GF9S R A& FS95 H
ShEFESE ;A1 5295 (3 [E Thermo Coated Graphite
102215560-07/13); KY-II AL =5.0BAMAT (4T 5
3931, JbutBESEHT LRGSR ARA R,
Thermo Fisher X SERIES2 AU i 5B 545 5
PR BT TE B X (3 E Thermo Fisher /A #]); ETHOS1
BB T A A (2 KR Milestone 23 7))
1.2 iK%
BRI B0 ekl 3k e 9 A
FERBE, #H5 . 150427725 ¥E 1000 pgm L'
AP 10%HCL); 2li/K(Milli-Q Hil5); FebnifiEai(
FAR BRI ORI S B, Fit5-: 17011763
WePE: 1000 pg'mL™; FrfT: 10%HC); HESRIET
2 12 Ak 59 MR T @SS, RS
18AA. 18AA-II. 18AA-IV. 18AA-VZ,
2 FESHR
2.1 A SRRk
2.1 WE S R . 309.3 nm; JEAT
0.5 nm; ATHLUI: 80%; HFRAilE: FES; PrUEMMA
Peo WRRA; EIWEL: 3 WK IR 8 pL. A
PHHESELE 1.

k1 AEFITHELH
Tab.1 Condition of the graphite furnace

B R/ C mhEls  RE/CsT A /mL - min!
Tl 90 10 10 200
T4 120 40 10 200
FAk 1 450 10 150 200
FFE 2400 3 0 0
#Hrik 2700 4 0 200
2.1.2 WA ECH
2121 XFRRSER AT R R R AR R

WiEa, H 1% MREBRERRSTHET
40 ng-mL™" BIAETR, VE X RE A, SRR g
MRl 2.5, 5, 10, 20, 30, 40 ng'mL™" 2%
Y T PR T B R A

2.1.2.2 HELREE T & K% RIRE AR
PRI RGE =, FH 1%ASRRIA W 2 R Bl 4 £5F6
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2.1.3.1  JRAGIRBE R BEEE SR R BV T
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Fig. 1 Ashing temperature curve of aluminum
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Fig.2 Atomization temperature curve of aluminum

2133 ZLMXERFE TEFFEREHN 5~40ng'mL™
B, RO ESESELELCR, AT RY
y=0.009 5x+0.384, r=0.995 3,

2.1.3.4 FRSERER B 0.1%MRRIE RN
2R FIA, FESRE 11 R, TR AR B R
w=f, LOD 4 0.9ng-mL™", LOQ & 3.0 ng'mL"",
2.1.3.5  [ICRGUER ORGS0 BT
& T 2 FE RV BT WA L (A5 B17050402)
2.5mL 94y, BT 10 mL =HH, SHHIEEINA
F 24 FRE S AR 80%, 100%, 120% 3 Fhfk K
IR R AR 3 0, HR (2117 TR A
PEAT S RE , TR AR, S45R I 2,
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Fz2 WHEERERRRER0=9)
Tab. 2 Results of recovery test(n=9)

A STl MR TSR sy
ng-mL”~! ng'ml! ng-mL~! % W 5
10.00 14.64 24.45 98.14
25.13 104.97
25.48 108.43
15.00 14.64 28.76 91.14
28.94 95.32 100.1 480
29.75 100.74
20.00 14.64 33.78 95.70
34.57 99.66
35.32 103.42
2.1.3.6 HEMHIKE  Hl o MBI AL S .

B17050402) , ##&AnfEM &M e, MBS E AN
58.6 ng'mL™', RSD } 4.0%.

2.2 ICP-MS &

221 WA SHASYIE: 1.4 kW; L
HE: —157.0 V; REERE: 150 mm; BRHIR:
13.0 L'min”'; FHBIEE: 0.80 L'min',

222 RN

2.2.2.1 XHEERAH S K& EBURIR R
W 1 mL, H 1% BEE 100 mL &, #
BOH A 1 mL FH 1%H R R BE 2 100 mL Hf,
il B 100 ng-mL™" FRAFRIERE 2 o J9 1A % B AR
Frififil s OE B # RN S, 10, 20, 40, 100 ng-mL ™!
F I X BRI

2222 WNIREWRAEIAE A 25 1 UL (Se)bn i
VS 500 pL, FH 1% PRI M BE 2 100 mL
FRBCH 1 mL ] 1% BRI WM B 22 100 mL &)l
il 50 ng-mL ™" BIGT N FRIEIR .

2.2.2.3  HEMIAR TS KA RIS
FH 1% 8BRS B 2 A AR 8, R EETEAR
HEMZTEE N .

223 ikt

2.23.1 LHEXRFEE L 1%mHERRIEA, LLS,
10, 20, 40, 100 ng-mL™" E¥ AR VA TROA R AL
bR, VIS HREER CPS B A AR, HilEbrifEfZe,
AL H 5 2 . y=14 270.94x+73 382.33,
r=0.999 9, LANEJLHEH 5~100 ng'mL™',

2232 FHBRAUEER 0 1% RRIERAE 2
HIEW, ESEE 11, LOD 4 0.62 ng'mL™"',
LOQ 4 2.04 ng'mL™",

2.2.3.3  [ICRBEES & E BN 5.0 mL(4
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A LT4, 165 4116050703)9 £y, & 25 mL &
R, 2SI AR AR ER A (100 ng-mL™")
1.250, 1.875, 2.500 mL % 3 {iy, 25 HIEHE %
B, MR L 3,

#=3 MHEERERLREE0=9)
Tab. 3 Results of recovery test(n=9)
FRER

gy TERIRIES SRR ok PEEL RSD/
ngeml ng-mL™! ng-mL™! % R /% %0

5 43295 9.537 104.1

9.543 104.2

9.601 105.4

7.5 43295 12.03 102.6
12.26 105.7 1047 175

12.18 104.6

10 43295 14.87 105.4

15.16 108.3

14.53 102.0

2.2.3.4

FEEMHRAE &5 6 MEHRAMER
LT4, #t5: 4116050703), FiehpifEhckikie, 4
&M 21.5ng'mL™", RSD 4 8.33%.,
2.3 FESLINE S5

ARSI 59 MR R E T @ IR SR
TR SR, ZRIE 4,
24 FitEER

K FH Graphpad Prism6.0 X P FE A A 2R
ATECXTEES ¢ KB HT. ¢ {H M 1.050, t<toos. 35
(2.03); P{H} 0.3009, B P>0.05, $iH 2 4H%0R
LR R EE2ER
3 Wit

ARG 2 MBS T ENE AR
T SRR 048 & K-, ICP-MS ek %% T
FESETALEE, 582 PR F AR At S8 Ak SO
s A TR T A S AR E 25 R S K, RT R
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RES I ASMEYE 5 . S R WA Jr 2k e 1
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R4 LEWVFEFTRKERLICP-MS N EE FAER TS KNELELE R

Tab. 4 Determination results of Al in Compound Amino Acid injection by GFAAS or ICP-MS

T4 R /ng mL!

S A =) =] S % s %) =
e RN 4 1R e S 3k A H AN 2 4R RS T CPMS

Fl 18AA-II 80LF080 BER 2017-6-29 23.39 24.14

F2 18AA-II 80LG047 Y IR 2017-7-18 35.81 29.125

F3 18AA-II 80LI057 LI 2017-9-15 10.14 11.54

L1 18AA-VII AMCO0039ER Y EI 2017-6-7 28.19 /

L2 18AA NTA0061EU BRSO 2016-5-23 22.74 28.04

L3 18AA NTA0062EU Y I 2016-5-23 31.71 /

L4 18AA NTA0063EU TS 2016-5-24 20.38 22.96

L5 18AA NTBO0031ER Y EI 2017-10-11 13.24 10.91

L6 18AA NTBO0032ER PR 2017-10-11 20.57 15.16

L7 18AA NTBO0033ER Y I 2017-10-12 17.94 14.12

L8 18AA-VII AMCO0109EU BRI 2016-8-11 36.66 36.60

S1 18AA 2A16111401 Y EI 2016-11-14 16.4 13.38

S2 18AA 1A17072303 PR 2017-7-23 17.54 /

S3 18AA 1A17062104 Y I 2017-6-21 15.87 10.43

S4 18AA 1A17072206 BRI 2017-7-22 8.38 /

S5 18AA 1A17072303 Y EI 2017-7-23 10.85 /

S6 18AA 1A17082402 PR 2017-8-24 15.53 11.6
Y1 18AA B17050402 Y I 2017-5-12 77.85 /

Y2 18AA B17070601 TS 2017-7-4 92.02 52.36
Y3 18AA B17070802 I 2017-7-5 86.60 56.9
Y4 18AA B170103 PR 2017-1-17 90.20 62.32

Cl1 18AA 1702242163 Y I 2017-2-24 10.61 /

Cc2 18AA-II 1611220511 4k PVC % 2016-11-22 12.77 13.52

C3 18AA-T 1709082143 I 2017-9-8 24.24 /

C4 18AA-II 1707050513 4k PVC i 2017-7-5 41.08 /
LTI 18AA 1117090503 Y I 2017-9-10 6.69 9.245
LT2 18AA 1117090502 B FI 2017-9-10 17.30 15.745
LT3 18AA 1117090501 I 2017-9-10 10.93 11.375
LT4 18AA 4116050703 PR 2016-5-30 22.53 22.05
LT5 18AA 4116050702 Y I 2016-5-30 16.38 22.08
LT6 18AA 4116050701 B FI 2016-5-30 19.05 23.485
LT7 18AA 1117080515 I 2017-8-24 7.00 12.32
LTS8 18AA 1117080516 PR 2017-8-24 3.40 9.735
LT9 18AA 1117080517 Y I 2017-8-24 5.48 11.665
LT10 18AA 1116051001 BRI 2016-5-26 8.25 13.225
LT11 18AA 1116051002 Y EI 2016-5-26 23.78 /
LT12 18AA 1116051003 DR 2016-5-27 13.33 931
LT13 18AA 1117060112 Y I 2017-6-2 9.28 /
LT14 18AA 1117050309 I 2017-5-8 18.10 /
LT15 18AA-1 1117100101 Y EI 2017-10-6 10.02 7.555
LT16 18AA-1 1117050803 DR 2017-5-18 31.90 /
LT17 18AA-II 1117080703 Y I 2017-8-28 3.72 10.19
DI 18AA-II E1709081 4k PVC % 2017-9-10 2.28 *

D2 18AA-II E1709091 4k PVC i 2017-9-12 3.85 *

D3 18AA-II E1709101 4k PVC i 2017-9-13 2.85 *

D4 18AA-II E1707221 i PVC 2017-7-28 3.50 *

D5 18AA-II E1707241 4k PVC B 2017-7-29 1.55 *

D6 18AA-II E1707251 4k PVC i 2017-7-31 2.85 *

D7 18AA-II E1707171 4k PVC i 2017-7-25 9.39 *

H1 18AA-IIT 176014E1 Y I 2017-6-14 9.78 9.16
H2 18AA-III 170613E2 TS 2017-6-13 9.20 16.31
HHI 18AA-1 80LE018 I 2017-5-9 21.25 /
HH2 18AA-1 80LE021 BER 2017-5-9 18.05 17.21
FH1 18AA 170619B25 Y I 2017-6-19 53.01 *
FH2 18AA 170619B25 s 2017-6-19 57.01 *

Al 18AA-1 2017092003 I 2017-9-20 20.00 18.88
A2 18AA-1 2017092004 LR 2017-9-20 19.25 19.62
HB1 18AA-II 11701181 Y I 2017-1-18 24.73 2521
HB2 18AA-II 11702122 B IE 2017-2-12 32.21 4473

W *FRTCIER #Sc FENFRINAE o
Note: *Cannot be determined by *SC as internal standard.
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S T WA I e 45 SR g [ R D i A R A
F ICP-MS,, A 880 J5 W ISR 5 5125 AF X fj B
Db, HAESMPTIERE S, TR TR
A AR B B PPN

AR YRR M) R B A B e T IR AT X A
R B A5 SR, R ER R A R e R R AT AT
PRAT Y 55 [ 25 i K HOAS 24 80 5 /Y FR O N
25 ng-mL~!, S5iZBRE LA, 6 FKAAY 13 HEkE:
2 SRR R, 7 BHEIR Y 22% . A BIFGT AT,
SRS AR A R B R B R A A TS
geo BB PRI B AR | RO ZE S
AR EE R LI A ] BEF IR AR T2 . il
BEL REARL . SOWAEA
31 5EMESTZANER

B A AR S AR R B R E R
4l D Ak H AR ™ SR & 5 4<10 ng'mL™,
8 A= S T4 B i 13.36~28.47 ng'mL ™,
A Y # 4 HEFESER Bl 77.85~92.02 ng'mL™,
FH {2l iy 2 ftFES AR &0 53.01 ngmL™" Al
57.01 ng-mL™", Pyieie & b A Al AU BREE . 3R
Al 5 Al Z A A FE i AT R AR B i AN [R] , 5h
BRI Al ST R S HER A = T
FFRER IR B VIAH O o
3.2 SRR TR Z R

AR YCRAE WRE SRR 3225 £ AR RN .
RN . ILAUEE, VKEER . ASAbEN . SARES .
AALHR . RIREESE, AL b S AL T A %
5, 5 E g RIAET T, R & AN [F R
Ll 5580 i i AR A AR A A e
33 SUBEMEZERCR

GBI T ST H TR BN PV C 2k 2
Pt e, LA RIRTRE S AR & A — 5
ARYCRFER) 59 LA, A 9 RS PVC 2K}
ARfHE HARE D Y 7 R SR AR 2 |
A AR i B &t SR A S R T 5 [ 2 BN E 1) PR
JE, N 1.55~3.85 ng'mL"", W HRIZE™ & (B A
BEOMIGERZAR, R IR A e At 28 T e e F v
HREFBhmarEe; midlk C 94 #EEST, A2
RS, A 2 MOABEER A, 45 R ER
PIE A S, Hrp— e iore s, 8
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7= B BEATHES o0 A, e BT I ) 7
ai, AR HOWEERTRY, B sm, JRI BT
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