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Determination of twenty—two elemental impurities in
coenzyme Q,, material and preparations by ICP-MS

WANG Ye-mu

( Shanghai Institute for Food and Drug Control, Shanghai 200131, China )

Abstract Objective: To establish a method for determination of twenty—two elemental impurities in coenzyme
Qo material and preparations. Methods: A rapid method was established based on microwave digestion assisted
with inductively coupled plasma—mass spectrometer( ICP-MS ) for full quantitative analysis for Cd, Pb, As, Hg,
Co, V, Ni and semi quantitative analysis for other 15 elemental impurities. Results: The recoveries of Cd, Pb,
As, Hg, Co, V, Ni in coenzyme Q,, were 89.8%-103.5%, and the limits of detection all met the requirements
of determination. The elemental impurities in coenzyme Q,, material were far below limits. The concentrations of
lead in coenzyme ), capsules made by manufacturers 1-3 were higher than the other. The higher concentration
of aluminum in coenzyme Q,, capsules made by manufacturers 3 and 14 were supposed come from pharmaceutical
excipient talc. Conclusion: The proposed method is accurate, rapid, and sensitive, which can be applied to the
determination of elemental impurities in coenzyme ,, material and preparations.
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HEE Qo A B R T 4R 2 A Yk
& B ER ST, A 7T B BTG Q. RN 4R
TRIRBRE L AL, 2 RTRL R RN T RES
NGB FeT 2594 VRS s il (R 2R, R
s X S AT &R e E AT
LTI R 1ICP-MS IEXT & i 2y il T 2 0 R 440
St

AR SCHRAE ICH Q3D JLE 4% B ds T IR, 254
E 278 (USP 39 ) & T & m i fb 5 mk 4 Jm a5 5% B i
PREE B , 42 i 4 ( Cd ) VB (Ph ) Bl (As ) R
(Hg ). &5 (Co) AL (V) BR (Ni )7 Fl 4 J@ 2% o, o
M EEK () (Os ) 8 (P ) T (Pr) B (Rh) T
(Ru).4H (Mo ) fifi (Se ). %k ( Mn ), £ (Li). 48 (AL,
B (Fe ) BF(Zn ) 5% (Cr) 4 ( Cu ) 15 Fh 4 J@ 4% i 7E
TG Qo JEURE B R 5R R o
1 UFE5KH

Agilent 7900 HLJEAH 5 45 B A BUEAX (2 HE(R
RHEABRA T ) ;5 Agilent 700 H JBGRE & 45 85 1K & 5
Hi AL CLHERRHE A BRA ] ) 5 Topex TR ARAX ( I
THIZSE T ES A PR F] )5 A10 #BAKAL ( Millipore 2
F] ); XS205 HLF- - ( Mettler Toledo 23 ] o

Ir.Ru.Mo.Ni.V.Co.Se¥r # fi %5 W (1 000
mg - L7, B ZA 0487 X TR i )
Cd.Pb . Mn,Li, Al,Fe Zn. Cr, Cu b5 fE fif % % ( 1 000
mg - L7, [T R AR B FE B ) 5 As He . Os.
Rh.Pd . Pt, %t (Sc). £ (Ge ). 4l (In), 46 (Cs). &
( Lu) brdfEAG £ (1 000 mg - L™, Merck 2 H] ); A&
MR (sl ), BB AT 48 20% fif R 3
FUR L B PR A O RE O

2 AR 7 #EREG Q0 IR, 15 Al 4
PEAEE Q. 77 (FLFRAE I AR E . F5 Do
2 HERE4R
2.1 TAEZKAM AR B AR T S RF D) % 1
550W , FE SR 03 1o s, A 0.80 L min™,
FALEIRE 2 C, M BEAS A 0.30 L min™", SREEIE
J& 8 mm, Bd RAEKEL 3, B ] 0.6 50
2.2 ARUERNZ BN AR A IR L] RS B R4S BT
PR Vi 4 WIS 1, 0 3% ERFRFC I 0.5 1.).5 ) &
GIAT U 2, AR TSR ) VR B 5 4 4 Jm 2k I
(IR BERIXT I, BRI 1. LA 3% ERERTC i vk E 24K
40 ng-mL™" AR A AR (Se. Ge In, Cs Lu ),
2 HEWCN 3% ER1R -

F1 BLERENERITERR I RE

Tab.1 Class exposure and concentration limits in ICH and standard solution concentration

- ok FIRZ 2 53 TC R B FUIREE F Fi/f 5 i BRI ] W% ( concentration of
(element ) (class ) ( concentration limits for components (oral permitted daily exposures, standard solution J )/
used in oral durg products )/ (pg-g') oral PDE ) /ug per day (ng+-mL™)
Cd.Ph 1 0.5 5 2
As 1 L5 15 6
Hg 1 3 30 12
Co 2A 5 50 20
v 2A 10 100 40
Ni 24 20 200 80
Ir.0s.Pd.Pt.Rh,Ru 2B 10 100 40
Mo 3 300 3000 60
Cr 3 1100 11 000 120
Li 3 55 550 280
Cu 3 300 3000 1000
Mn, Al - - - 1000
Fe.Zn - - - 4000
Se - - - 60
AR S
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2.3 PERVFBEIE BIEAMZ 0.2 g KIEME,
B HET, INERER 1 mL, INARPR 3.5 mL,{R5], Fibf
PN 3, SRR A (T A ), TSN E A e K A
i, BT B RSO T BTN AL B RS
TR R T N 2 2R T Ve A R R, InlCoRE ;Y
B E R R 50 mL B, KRR Z 2R, £5
5, Bl BV AL A1 2 b 25 UL

24 JrEAEEUE DGE (227 WUR A IR UE
2V R, 15 BN TR TR B2 [nl 9 75 /00 7+
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af 25 LRI 20 UK, THIR A 3k i PR i3l A
290.2 o, KW HRAE , BLIFIGE T, 23 BN AbR HE G 5
TWHBCH 29 0.5 T, 3.5 T BOIAE I o e, 41 e e il
B 3R TATRE R IR “2.37 T 7 3k 1 48 1, Bt
T VA TR (DAL RO AR 5 , 33 45 =
BN BOREEDT 10 B 1y IR [ i 3% 2
M5E 6 U, T I EAT L. MROIAE [ Wi 8 ) Al
FITIEFATRCH] 6 B, A L T A2, 4 2R L
* 2

%2 Cd.Pb,As.Hg.Co.V.Ni HFEZRIELR
Tab. 2 The validation results of Cd, Pb, As, Hg, Co, V, Ni

. . Gl Fel R Climit of s At
- o . r (recovery ) /% detection )/ . ( repeatability ),
(‘element ) ( regression equation ) 4 ( precision ), RSD/%

(n=9) (ng-mL™) RSD/%
Cd ¥=0.017 7X+3.533 0x 10™° 1.000 93.1+2.8 3.301 x 10™ 0.39 1.3
Pb ¥=0.010 4X+8.609 8 x 10~ 1.000 952+ 1.6 7.673x 107 0.51 1.1
As Y=0.007 0X+5.476 5 x 107 1.000 103.5 2.6 9.994 x 10 0.53 1.3
Hg ¥=8.000 9 x 10*X+3.609 6 x 10~ 1.000 89.8+4.9 5.031x 107 1.2 1.5
Co ¥=0.109 3X+1.146 3 x 107" 1.000 99.9 +0.7 4523%x 107 0.49 1.2
\ ¥=0.037 9X+1.676 6 x 10™* 1.000 98.6= 1.0 4.531x 107 0.82 1.3
Ni ¥=0.030 0X+5.988 4 x 10°* 1.000 100.4 0.8 2745 % 107 1.0 2.9

Ir,Os.Pd.Pt.Rh. Ru % 15 Ff 4 J& 4% I >k H 2
FE ST E , ARR VA VRO B e Rz £ 1 LU AELAE
R 07 PR R TR S T R MR
25 FEMIE  ME 237 TR KRNI RO RS

FE it o L RO A B A RO T L I Qo R AT
KU RPEAE S PR E I F A HOIRZ &
T BEAEEOT 54 Qo HIR P A e R B, 45 1 L
% 3~6,

x3 HEQ,FRH 1 2A XEBLAFNEER (pg-g",n=2)

Tab.3 Determination results of class 1 and 2A elemental impurities in coenzyme Q,, material

A 2

( mj;j;::ik'er ) ( 11 o ) e Pb As He co v N
A 160624 <0.001 0.009 0.007 — 0.003 0.004 0.025
160713 <0.001 0.041 0.009 — 0.002 0.002 0.041
160706 <0.001 0.021 0.009 — 0.003 0.003 0.106
1607112 <0.001 0.006 0.011 — 0.001 — 0.047
B 020160701 <0.001 0.016 0.009 — 0.001 — 0.033
Q20160702 <0.001 0.004 0.008 — 0.002 — 0.015
Q20160703 <0.001 0.027 0.009 — 0.002 — 0.090
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x4 HWEEQ, HIFP 1. 2A XEEBHRNEL R ( ng per day, n=2)
Tab.4 Determination results of class 1 and 2A elemental impurities in coenzyme Q,, preparation
Pl #S Cd Ph As Hg Co \ Ni
(' manufacturer ) (lot No. )
1 160202 <0.01 0.92 0.01 <0.01 0.01 0.01 0.06
2 27160151 <0.01 0.87 0.01 — <0.01 0.02 0.05
3 151201 <0.01 0.74 0.02 0.01 0.06 0.97 0.17
4 24160401 <0.01 0.08 <0.01 — 0.01 <0.01 0.02
5 20160101 <0.01 0.12 0.01 <0.01 0.01 0.02 0.03
6 160601 <0.01 0.06 0.01 — 0.01 0.02 0.04
7 160302 <0.01 0.04 0.01 — <0.01 0.02 0.04
8 151202 <0.01 0.04 0.01 — <0.01 0.01 0.01
9 27151006 <0.01 0.03 0.01 — <0.01 0.01 0.02
10 1504002 <0.01 0.02 <0.01 — <0.01 0.01 0.03
11 160102 <0.01 0.06 0.02 <0.01 0.01 0.01 0.07
12 FES1604002 <0.01 0.02 0.04 <0.01 0.01 0.04 0.11
13 20160104 <0.01 0.01 0.01 — 0.05 <0.01 0.06
14 150701 <0.01 0.11 0.02 — 0.03 0.82 0.23
15 1601036 <0.01 0.15 0.03 — 0.01 0.26 0.07
R5 BEQ, FRPHMEELARMNELER (pg-g ' n=2)
Tab.5 Determination results of other elemental impurities in coenzyme Q,, material
7l #s Li Al Cr Mn Fe Cu Zn Se Mo Ru Rh Pd Os Ir Pt
(- manufacturer ) (1ot No.)
160624 — 226 0.09 0.10 3.14 0.03 029 <001 — <0.01 <0.01 0.39 — <0.01 <0.01
160713 — 040 0.06 0.09 9.18 0.04 0.15 <0.01 001 <00l <0.01 090 — 0.03 <0.01
160706 — 1.55 0.15 0.11 492 0.04 0.13 <0.01 0.02 <0.01 <0.01 0.52 — 0.01 <0.01
1607112 — 059 009 001 101 001 005 — <001 <001 <001 — — — —
020160701 — 043 0.06 001 056 0.01 0.17 — <0.01 <0.01 <0.01 — — — —
Q20160702  — 043 0.08 0.02 025 0.04 0.13 <0.01 <0.01 <0.01 <0.01 0.17 — <0.01 <0.01
Q20160703 — 050 0.20 0.03 095 0.07 0.13 <0.01 <0.01 <0.01 <0.01 — — <0.01 <0.01
*6 g Q, HFhHEMEBREMELR ( ng per day, n=2)
Tab. 6 Determination results of other elemental impurities in coenzyme Q,, preparation
Pl s Li Al Cr Mn Fe Cu Zn Se Mo Ru Rh Pd Os Ir Pt
(' manufacturer ) (Lot No. )
1 160202 — 236 0.17 034 248 015 092 <0.01 0.05 <001 <001 — — <0.01 <0.01
2 27160151 — .73 0.11 005 134 008 033 001 0.03 <0.01 <0.01 0.60 — <0.01 <0.01
3 151201 0.35 829.53 043 1.31 228.14 0.15 062 0.02 0.02 — — 0.52 — <0.01 <0.01
4 24160401 — .12 003 0.14 112 0.10 042 0.01 0.02 — — 0.10 — <0.01 <0.01
5 20160101 — 1.64 0.11 061 248 0.17 046 0.01 0.02 <001 <001 0.25 — <0.01 <0.01
6 160601 — 5.86 009 020 459 009 143 0.01 0.05 — <0.01 0.14 — <001 —
7 160302 0.0l 48 012 025 287 0.10 027 <0.01 0.02 — — — — — —
8 151202 — 0.75 0.03 0.01 1.86 0.08 0.22 <0.01 0.02 <0.01 <0.01 — — — —
9 27151006 — 0.64 008 005 095 002 032 001 002 — — — — — —
10 1504002 — 042 0.04 0.02 091 0.02 0.12 <0.01 0.01 — — — — — —
11 160102 — 341  0.13 0.16 439 032 20 <0.01 0.02 — — — — — —
12 FES1604002  — 1.78 0.13 066 692 007 068 0.02 0.03 — — — — — —
13 20160104 — 095 0.65 1.66 18747 0.05 057 0.01 0.01 — — — — — —
14 150701 — 48898 0.37 1.59 16941 026 1.81 0.02 0.04 — — — — —  <0.01
15 1601036 — 105 0.08 145 5636 004 159 0.01 0.06 — — — — —  <0.01

A (note ): 55 13 KA H &4 Fe (13 enterprises formulation containing Fe )
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3 itig At % Al SEBERN, e EME R g5,

3.0 iR ICH Q3D X e R 4R ik Mk
M FEVAT 2, BUE Tig e A nT eS| A, 1 AR
RN TG EAGAT 1 M 2A 280K 44, B Cd L Pb., As,
Hg.Co.V.Ni, M T Pb.As Hg.CdBR MK, & H
ICP-OES £ % L 45 R Xk, — i >R F ICP-MS 34
FE o BUAM, L B, A RS S A B IR BB Fe
JCE , 1E ICP-OES M J5 i, Fe JTCE MY R 51154k
SR B4 JE AN Os , Pr, Ru U5 , S 25011 FH A,
TR, AR SCR F TCP-MS 32 58 B 22 S i Q, JEURL Al
#il5)7 Cd.Pb. As . Hg.Co.V . Ni 7 TR A0, &
HERTE Ir, Os . Pd 45 15 PR 40,

3.2 FEAYRTACETIEGERE  He uFE b K, Os T
RN A U 28 S, 305k VI T A VR A
AFRTT o H I BTE AR RS IR , 5% 4B IR B IE B
HEVIRESREATE, & St AL & W L ZUn A S R
A BETE A, T AR A /i R wk SRR -

HRPERT A 1 [ VR 2, ST Qo I35 110 SR
SN JE AP IRE 2 AN 7 AR S i SR
2, I &R AR
33 MELE RSN ARSI TR WK E M PDE
(31 B0 F ICH Q3D WM ik 31,

1 PN A R Rl T Q. 1 70 I H IR 245 22
HTA=T K A B, 7 #bERZY AN e Bdia i, i
SR 22 FhOT R

PAEE H IR FH & 30 mg TG Q,, Hl 7 £ FhoT
RNt H B, 25 R R, F b A= 7= ) i il
Qo HIFNE A B TT R AT ABA Bk 17 5 B A
i i T HAh T R W2 R TR A, ek 1.2.3
A PR Qo IS4 2 Ph I BE A (K 0.74~0.92
ne ), EAR/NTARERE R RER 5 pg, (HIE R FHAD)
a1l R A R N Y R e

il 3 2R 7= B ST Q0 RS A BB VR BERY Al
(829.53 pg - d ™), FE—2ME & BZ A A 7= 1) 53 51
15 b= i AL TR (B 280~757 g o
L A AR R BT R (FLBE AR R
feik ), AR L AR RS AL YR 4300k 378.75
nge g AIT701.17 pg-g™'o LA, A 14 A 7= H
Qo BEBETFAG B R FE Y AL (BEK 488.98 g ), 2 4~
RTow| A4 ey AT A B R C Y S A e 2 X o 2 O L
B AIRERBEISIA Al TR,

HH ICH , USP F- AR Al T2 (H AR HE

LRCAOR I

WHO BRI £ i 22 2R, A Al et A
BEFGT R E ST 1~2 mg, Bl Q, H
B A, 2 & T 0 I 46 LT A 4l
BRI, AT WL HO K 25 (PR N RGN [ 24
B ) F1USP X 3 38y v AL JG 2 1R 00 R A A5 0k
2.0% " WA RS LA ) ) BV A A A 2 Mk
SEBIHRL AT S A R R Al TR W AR REANT
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