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Abstract: Objective To establish a method for the determination of eight heavy metal elements of Pb, Cd, As, Hg, Co, V, Se, Mo in
iron dextran by inductively coupled plasma optical emission spectrometry (ICP-OES). Method Through selection of detection
wavelengths, optimization of instrument parameters, correction of spectral interference, verification of ionization interference and
investigation of suppression methods, the eight heavy metal elements were analyzed by ICP-OES. Results The recovery rate of the
detected elements increased 5% to 10% by suppression of ionization interference. The accuracy of the method was good. The spiked
recovery rates of the detected elements were from 95.7% to 101.1%. The precision of the method were good (RSD < 3.6%, n = 6). The
linearities of the detected elements were good, and the correlation coefficients were all greater than 0.999. The detection limits were
from 0.15 to 8.09 ng/mL. The quantization limits were from 0.46 to 24.26 ng/mL. Conclusion The method was accurate, sensitivity,
rapid and reliable, which can be applied to the determination of contents of eight heavy metal elements in iron dextran.
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Table 1 Classification and permitted daily exposures for

high risk assessment elemental impurities
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4 5 0.5 WIHEAT
il 15 1.5 P PPl
* 40 4.0

2A & 50 5.0 e RS
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P, AR AER TSR R E S5 R, DA e R TR ) it
P IRTG R 22 4 24 A3
1 5T
1.1 ¢E8

Agilent 5100 HLEHE G 55 B TR ARG (5L
E e RHE R AR AL104 B RF (B
TMERF A A B (2 25 R A D
SB-5200D # AL CTREFT ZRHEA PR A ] B
1A 20% 0 IR s v i A, R Atk e
T AN 99.99% 4l
1.2 iRF

FrUEE: Bk (10 000 pg/mL GNM-SFE- 001-
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B.(1 000 pg/mL GSB04-1759-2004) - fifi (1 000 pg/mL
GSB04-1751-2004) 4 (1 000 pg/mL GSB04-1737-
2004) FRLITFEARUEA IS B A (4 8 K i A
BE A O3 i iR CCagall, BREEIKA 7)D;
S K A 18.2 MQem B 4lK .
2 AEEER
2.1 KA EER

OB, B B AL R AhL AL A
FICEMPRHERIR, A eI 8 FhAFIl 7T 11
RAI, HEEEITCRAEARIPA T IR RS
W, EHE S AFIN T 2 R RS G A AE A A

M, Hil e & o326l THReN, TR
SRR, A AT BT 220.353 nm. 9
228.802 nm. fifl 188.980 nm. & 194.164 nm. %}
231.497 nm. 1 327.612 nm. fili 196.026 nm. %1
287.151 nm.

22 UEETIERMHMER

LI 77 X5 A S Y 1% 1A A 5 i ARG DN R
JEs BRI, SASMBR R S
LI TR TR, IO 5 5 5 FAH X 22 77 A2
. g E T, PSR, s R
B, TRy TAES O T . B R EAFNTER,
S AR AR I T 2R, AEAN ] AR )
K, HETRABE. N RS SR LS
L3S A VeSS WY W= Wk i =T DA BV E s
1.3 kW, ZASE A 0.7 L/min, 22334 10 r/min.
23 RiEFHRERER

7t ICP-OES Jtilsit, BTG = 294 4 000 25154k,
A TR BETEFERAE it P 2k ) i 20 B0 25%, W2k e
B3, JUTAW RS R T R I HriE Lk R AE S
hn, FEAEGE T, SR IBC VR IEeiE T4k, 8
T A 76 28 Rk G 2R R HEARE S 2 A T I e
FH BT A3 2 (1% BRI AT BT, BT 2=t
WA 5 AR GHEE 5 TR0 BR, K Arl 7c 306
WA T R R LLA B IE H .

TR EIMERBOE R, 2% R
TERRBEHR 5 2k 2 5004 5 000+ 7 500, 10 000 pg/mL
RGN EARHER I, 2ehil ke TAEMZ. 2
R Y. By . ok B L. . HHITEMR
G B, IO R YR BEARAEA, 2RI e
FAEML . Bk, B, B B R B ALl
R TG EARMER RS =, B R T, 2%
PRV TR FE R R & 8% 7 500 pg/mL, 2 8 Al o2
WA TRREEH) 50%. 100%. 150%KI% % 3
A (S EINT <Y = e oY QR 4 oE oy 1 B e ol IM)'4
K, e gkon g, Fpl oo ARRCRFE S
W AT BORAENT, ot 206055 5 AR T
FOEAE S, MBROGIETHE. [ e g5 0%
2, [ACERLE 88.7%~101.3%, RSD (n=9) /N T
3.5%, FKH IEC ¥E ] LR IE G4t
24 HBETHMERE

S B AR R 2 AR A 1 R B
145F Saha 7 FE, HHIB B3 E MR LA
MM +e, My M5 & PR G R TR



* 508

%¥#igdatz Drug Evaluation Research 35 40 % S 43 201744 8

F2 IECHEREXRIETIHEWENELER
Table 2 Recoveries of IEC method

JLHR [ /% RSD/%
By 91.5 2.04
G 93.1 1.44
i 88.7 1.37
K 89.2 3.47
i 91.9 1.57
L 99.1 1.65
fif 90.3 2.19
H 101.3 1.35
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K Bl GRS AL 10% RIS TEH, “2.3”

TR PAHT B i Ry B W EMRICR Y
h90%, (ML e AR Tk o I L T 2 3
2.5 BEEBETIMNEIAEREE

PRIV S5 4 S T 2 LA R, Sk LA
R FEES T, ARGHAE D Z R 165
FIH S TR PO B AGT R, ALY 5
HAL B9 TG 3% (1) LB TAAET, J3D ) B TG 2R ) ST LR,
8/ Ty L B T Z NI G 28 RS 2 ()43 A R 5
MR S IR EH o

R B L RS R B . FHDT
FEAER I, R IC R TOINNIAR AR S R =
(BB A AR MEA L, FEHIAFI e 3 BRoc R SHIE
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BTG 2% T LASI AT T A 52 2R T
2.6 HESRIARRYECH
2.6.1 WU ORI C RS BOE R, H 2%
THFR B RS 100 pg/mL [PV AE R
2.6.2 FEEW HOABAE R T A
2.6.3 ERRUEAEIIECE] RS R IC R bR
WG B, PV R RIS 2k 2 5004 5000+ 7 500+
10 000 pg/mL [¥) Z F1 I P BR AR UEA T -
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Table 3 Preparation method of test solutions

EYl JLH B ) 5 /(ugrmL ™)
1# Y 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015
Bk 10 50 100 500 1 000 5000 7 500 10 000
2# G 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015
S 10 50 100 500 1 000 5000 7 500 10 000
3# fif 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045
S 10 50 100 500 1 000 5000 7 500 10 000
4# yid 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12
Bk 10 50 100 500 1 000 5000 7 500 10 000
S# i 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
S 10 50 100 500 1 000 5000 7 500 10 000
6# L 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36
Bk 10 50 100 500 1 000 5000 7 500 10 000
T# il 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51
S 10 50 100 500 1 000 5000 7 500 10 000
8# #H 0.54 0.54 0.54 0.54 0.54 0.54 0.54 0.54
Bk 10 50 100 500 1 000 5000 7 500 10 000
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Fig.1 The relationship between Pb, Cd, As, Hg, Co, V, Se, Mo recovery rate and Fe concentration

2.6.4  FRITCEAREL SWICBCH] 2 Bk %

By, AR B RS B Bl . HHOC ARG
&, BFE-ED, HEERREI RS E 0.15, 8
0.15. fifr 0.45. 7k 1.2+ % 1.5, 91 3.6 flf 5.1, 4H
5.4 pg/mL IR G0 RO A ARAEI 209 o

2.6.5 FrTCEARER B IIECH] R bR
R OE L, HIVEERRE 65 #Y 0.006.,0.015,0.021

Fe/(mg-mL’l)

0.03. 0.15 pg/mL, %% 0.006. 0.015. 0.021. 0.03.
0.15 pg/mL, ffl 0.018. 0.045. 0.063. 0.09. 0.45
ug/mL, 7% 0.048. 0.12. 0.168. 0.24. 1.2 pg/mL,
%4 0.06. 0.15. 0.21. 0.3+ 1.5 pg/mL, % 0.144. 0.36.
0.504. 0.72. 3.6 pg/mL, fili 0.204. 0.51. 0.714,
1.02. 5.1 pg/mL, %H0.216. 0.54. 0.756. 1.08. 5.4
pg/mL [ R BN LA I G R AR AR R o
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Table 4 Preparation method of test solutions
#5 JLHR e B R S8/ (ugrmL™)

1# et 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015
2k 7 500 7 500 7 500 7 500 7 500 7 500 7 500 7 500 7 500
! 0 10 50 100 500 0 0 0 0
#t 0 0 0 0 0 10 50 100 500

2# ] 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015
2k 7 500 7 500 7 500 7 500 7 500 7 500 7 500 7 500 7 500
# 0 10 50 100 500 0 0 0 0
#t 0 0 0 0 0 10 50 100 500

3# ity 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045
2k 7 500 7 500 7 500 7 500 7 500 7 500 7 500 7 500 7 500
# 0 10 50 100 500 0 0 0 0
#t 0 0 0 0 0 10 50 100 500

4# K 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12
B 7 500 7 500 7 500 7 500 7 500 7 500 7 500 7 500 7 500
! 0 10 50 100 500 0 0 0 0
i 0 0 0 0 0 10 50 100 500

S# B 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
B 7 500 7 500 7 500 7 500 7 500 7 500 7 500 7 500 7 500
# 0 10 50 100 500 0 0 0 0
i 0 0 0 0 0 10 50 100 500

6# ol 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36
B 7 500 7 500 7 500 7 500 7 500 7 500 7 500 7 500 7 500
# 0 10 50 100 500 0 0 0 0
i 0 0 0 0 0 10 50 100 500

T# i 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51
B 7 500 7 500 7 500 7 500 7 500 7 500 7 500 7 500 7 500
il 0 10 50 100 500 0 0 0 0
i 0 0 0 0 0 10 50 100 500

8# #H 0.54 0.54 0.54 0.54 0.54 0.54 0.54 0.54 0.54
B 7 500 7 500 7 500 7 500 7 500 7 500 7 500 7 500 7 500
il 0 10 50 100 500 0 0 0 0
i 0 0 0 0 0 10 50 100 500
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K iy Bl il HH 8 MG IR T B bR Lk 4k
PEXRRRAF, MHXREIIE 0.999 L L.
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Table S Recoveries of suppressing ionization interference
P - /%
LR HHTHTR 0 pgrmL! 10 pgrmL! 50 pg'mL! 100 pg'mL"! 500 pg'mL!
By il 913 914 95.5 96.7 96.5
#t 91.3 91.2 93.4 94.3 94.2
9 i 92.9 93.0 96.8 99.6 99.7
Ha 92.9 93.1 95.2 99.4 99.5
fi il 88.8 89.1 90.6 97.5 97.3
it 88.8 90.2 93.4 97.7 97.6
7K il 88.9 91.5 93.1 96.2 96.4
Ha 88.9 90.8 93.6 95.9 96.1
il 2 91.6 93.4 96.8 97.1 97.0
it 91.6 92.8 95.3 97.3 97.4
il 2 99.4 99.9 100.2 99.6 99.8
Ha 99.4 99.5 99.3 99.6 99.5
fifi 2 90.5 933 99.6 99.8 100.1
it 90.5 90.4 91.3 92.5 92.4
£ il 100.2 99.6 99.8 99.9 100.2
L 100.2 100.3 99.7 100.1 99.7
Fz6 LEMEIAFE. HRRBFLEMETEE
Table 6 Linear regression equations, correlation coefficients and linearity range
JLHR LBl Sy S r LMTEE/ (ugml ) K E/(ngmL")  EER/(ngmL ")
By y=3027.6x+3.0651 0.999 4 0~0.15 0.50 1.51
i y=26503x—0.2652 0.999 3 0~0.15 0.32 0.96
fif y=10334x+1.2651 0.999 4 0~045 4.10 12.31
K y=37625x—0.2815 0.999 5 0~1.2 2.33 6.98
il y=3190.4x+20.223 0.999 8 0~1.5 0.25 0.74
il y=39655x+180.62 0.999 8 0~3.6 0.15 0.46
il y=1396.4x+10.251 0.999 1 0~5.1 8.09 24.26
B y=12179 x — 58.642 0.999 2 0~54 0.66 1.97

2.8.3 FEEE HULTENERTEL T1607042 #HEFEN 6

¥, B2 300 mg, FEEFE, B 10 mL =T,

2.8.5 FEMIE

B 6 ANHEIR AT el IR A
M 2,67 TR 5Tk, MEHT. B Bl Ok B

Pl “2.6.67 T K VAR HI XSG, 2l
ARG %5 B RSD H, 45 BAFIIC £ S
[ RSD {H7E 0.53%~3.52%, J7i0ks 5 i [ 4T
2.84  InFREcER BUATEREEEE T1607042 #EFE
i 9 43, BEUYZ 300 mg, REEFRE, B 10 mL &l
o Hirp 3 PRSI “2.6.47 THUR IRRUEIL 40
0.5 mL, 3 PHAEEMMAARMER 25 1.0 mL, 3 45
SEIMAFRUAEN 2 1.5 mL, & 10 mL 8B, g
PGS, S 15 min RESA IR, R S, N
R, #5e A S TINANS CEBR R
1) 50% 100%- 150%. HXLAL 9 43, 2 5l
5B, WA ICE MR RSD {H, 45 R & 051N
FRIFCRAE 95.7%~101.1%, RSD /T 3.6%, 51k
AP R U

Bl Wi, B 8 FESETEMNE, 4iRNE 7, K
H1 T1604061. T1604071 #UE T H B, HAbHbX 8
FEGEITR SR GEK.
3 itig
3.1 RETFI®

JeiEF4 M ICP-OES v 40 Hr b (1 8 WF4k . 76
ICP “FB-FHOLET, P i1 FE T iz gl
RIPEL B — @ MR, Uil e i TPk £
fAEESN, RS, Wil hgkonst
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Table 7 Determination results of samples

JEWE/ (ngmL™)

_ . _
TR PR/ (ngmL™) T1604061 T1604071 T1607042 T1607151 T1608112 T1608232
By 15 22.8 23.9 9.1 9.4 7.7 8.1
G 15 5.4 5.3 5.1 5.4 5.1 5.3
fif 45 28.8 28.3 28.1 28.2 27.8 27.5
K 120 11.6 12.1 10.9 10.7 9.9 9.6
i 150 120.9 122.5 107.5 106.8 98.3 95.3
L 360 63.5 64.6 62.2 61.3 59.7 60.4
fii 510 454 45.8 44.1 41.9 41.5 42.0
#H 540 80.9 79.9 80.7 79.0 78.5 79.8

STHEHRTS SRR T POR S AR T R T IR L P
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FELR TP e b v Sl VA R T D [ 22
SEFE . BT RRUE SRR S AR I [ AR
RN, R . Rk A,
XU RO ICP AR, & FEME TR
(P AT S B SREGRGS . NP IS, RS
BT e S BRI T ik, db—0 42
Fer I S 4 SRR B RIS 2 5, by A el Ik P o
IR A AN SR AL O R (A
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