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Content determination of impurity elements in gadolinium—-based
contrast agent by inductively coupled plasma tandem mass spectrometry
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Abstract Objective: To meet the needs of gadolinium—based contrast agent (GBCA) analysis and testing, and
to ensure drug quality and safety, a new strategy for inductively coupled plasma tandem mass spectrometry (ICP-
MS/MS) determination of 12 impurity elements (Cr, Fe, Co, Ni, Cu, V, Zn, As, Cd, Ba, Sb, and Pb) in GBCA
was proposed. Methods: GBCA was diluted with 2% HNOj3 and directly analyzed by ICP-MS/MS. Spectral
interferences from V, Cr, Fe, Co, Ni, and Cu were eliminated using cool plasma/NHs/He reaction mode. In addition,

spectral interferences from Zn, As, Cd, Ba, and Sb were eliminated using hot plasma/O,/H, reaction mode. To
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evaluate the accuracy and reliability of the method, the standard reference material (NIST SRM 1643f) was analyzed

by comparing the method with high-resolution ICP-MS (HR-ICP-MS), and the spiked recovery experiment

was conducted. Results: Under optimized conditions, the limits of detection (LOD) of the analytes were 0.014-
0.86 ng * L', the spiked recoveries were 96.7%—-105.8%, and the RSDs were 1.6%-4.0%. The HR-ICP-MS

determination values were consistent with reference values of NIST SRM 1643f. Statistical analysis showed that

there was no significant difference between the measured values of the two methods at a 95% confidence level.

Conclusion: The analysis method is accurate, reliable, stable and high precision. The combination of ICP-MS/MS

and various reaction modes under different plasma conditions has shown promotion value for multi—element analysis

in GBCA and can be extended to other fields.

Keywords: gadolinium—based contrast agent; [CP—MS/MS; impurity elements; background equivalent concentration;

reaction mode; spectral interference
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AME L E 0.45 Lemin™, SR BCHJE 150V, 2
HLE 2 28 =70 V, WS Oo/Hy, RS 0, 2
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WA . AEDLAR I S TAE S5 T 4o Sl 0 e A o
VSR 25 AV RORIRE S U T, A2 DU R rp R T
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Fig. 1 The influences of different mass spectrometry modes on the
BEC:s of analytes under cool plasma conditions
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A1 Sh i — 2R IR T BEC; 7€ Oo/Hy W B,
Ha M BB 5 Ar 5688 T-45 4 U IR THBR Ar
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Fig. 2 The influences of different mass spectrometry modes on the

BEC:s of analytes under hot plasma conditions

FET e R B B R e kB IR 1A,
IR R R A bR T4, N 1 AT LAE H, Br
A M e FEARAS T = R HUE, B Cu 1 BEC % 5
1.0ng- L™ 4h, AR P70 R M BEC BKT 1.0ng- L'

®1 ARBRATHMTENREHEF BECs

Tab.1 Sensitivities and BECs of analytes in different modes

%R EA=SRIN SRR JBT A% oAl R BEC/
(iisotope ) (‘plasma ) (reaction gas ) (mass pair)/(Q, — Q,) ( determined ion ) (sensitivity )/ (cps L= pg™) (ng-L")
v Cool NHs/He 51—51 yr 44500 0.062
2Cr Cool NHy/He 52—52 2o 42 300 0.59
*Fe Cool NH3/He 56 — 56 ope* 50 500 0.84
*Co Cool NHi/He 59 — 59 o 46 100 0.041
ONi Cool NHy/He 60 — 60 ONi* 9560 0.75
%Cu Cool NHy/He 63— 63 oy 23 800 1.06
Zn Hot 0./H, 68 — 68 Zn* 5930 0.32
PAs Hot 0y/H, 75 —91 P As"0" 6260 0.097
Med Hot 0./H, 11— 111 Mot 6 850 0.11
121g}, Hot 0,/H, 121 — 137 121860 9010 0.058
1By Hot 0./H, 138 — 138 18R, 7360 0.023
206p}, Hot no gas 206 — 206 206ppy 18 400 0.078
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%% B R INHy/He 2 WA 50T, % %8 T NH;
WHXT V., Cr,Fe, Co.Ni,Cu i BEC A5, 45 5 UL
Bl 3, HER NH; Wik, BT A 20 T oe 2 19 BEC 32 7 [
I, R TP B 72 W bR, 24 NH; 3t 3 49 1) 36 2]
16.1.5.1.5.1.4.1.6.1.3 mL-min"' J5, # K NH; Ji
W, 6 T I K 1 BEC JTUh 2218 14 Rk, 26 W 1
THET5 NHs 190 2 5, T4 B g i bk
L, A SCHiAb)E NHs i 1.5 mL - min ™,
PR PTA ST oc R Y EABARK BEC,

ERSER AT, BT 0, XS Zn, As,
Cd.Sb.Ba It BEC (1J5Z 0, M IE 4-A AT LLF i, 3K
0, JiLi#, Zn ) BEC JL-F- 0284k, As. Cd. Sh. Ba [ BEC
T TR, 20 As. Cd . Sb., Ba BYIE T2 HS20TH
14,24 0, V43355 0.18.0.20.0.16.,0.20 mL * min™
i}, As.Cd.Sb.Ba i BEC & 2 e fIX, TP KA 1
BLIEBE, BLJE AREEH K O, Wi, As. Cd. Sb. Ba Y BEC
THG eI, M1 As. Cd. Sb. Ba [ BEC b T4
AR, Ak #E O, B A 0.20 mL - min™' & %
O, BITIE R 0.20 mL - min™", Z2L T H, JiidE X Zn . As.
Cd.Sb.Ba 1ty BEC (5210, Ml 4-B AT LLE 1, B &

1000
—8—7n —@— As—A—Cd A
~—v¥—Sh—9—Ba

100

i =

0.01 T T T T T T T T T T T
0.10 0.14 0.18 0.22 0.26 0.30

BEC/(ng *+ L)

0,7t #(0, flow rate) / (mL * min™)

104
—8—V —0—Cr —A—TFe
~—¥—Co —49—Ni 4 Cu

e

0.1+

BEC/(ng - L)

0.0l T T T T T T T T T T T 1
09 10 1.1 12 13 14 15 16 1.7 1.8 19 20 2.1

NH 7 (NH; flow rate) / (mL + min™")
3 AREBETEEHET NHREXM 2477 E BECs IR0
Fig. 3 The influences of NH; flow rate on the BECs of analytes under

cool plasma conditions

H, I K, Zn. As. Cd . Ba 1Y BEC (K, 17 Sb
) BEC FEAR AL, R ITE O, A Hy I, fEE—25
THB% Zn., As. Cd . Ba Z 2|1 T4, 24 Hy 4 51155 2
6.0.6.5.7.0.6.5 mL*min' B, Zn . As.Cd. Ba [ BEC
B/, BEJG K Hy B93HE, Zn. As. Cd. Ba 1Y) BEC JT1f
geigI R, UL, BE Hy MEAERGEN 7.0 mL - min™',

10 -

——7n —@— As —4&—Cd B
—v—Sh —— Ba

= 14

-

w

£

S

=

=00 4

0-01 T T T T T T T T T T T 1

35 40 45 50 55 6.0 65 7.0 7.5 80 85 9.0 95

H, Ui 4 (H, flow rate) / (mL + min™")

4 PEBFEEET 0.(A)F Hy( B ) WREIT 54T & BECs FIF50
Fig. 4 The influences of O, (A) and H; (B) flow rate on the BECs of analytes under hot plasma conditions

2.3 MR BRI R E R

Gd B T Bt R (S —HEREHN 6.15eV ),
PRGBS TR 5y LB, {0 GBCA i Gd J& ik i
1, B GBCA R 100 £, H: Gd JE5vk BRI 9% 5
ik 786 mg - L™ RIS 45 B IR SR AEAE SE BT i B A
4% WA HEFAE ICP-MS/MS 4B T4 1 TR X

AL HREL

S AT S IR E . I TG B ]
FasEE, 7] GBCA FEFIEHTIMA 1 pg- L7 /M1 C
FRUEVER, BERR 10 min TR E 6 TG EE S
SR M ICRTE 2 h WIH—5 S sk s,
SERILIE 5, TLLE i i n R A — L E S
TE 1 +0.05, 55Uk T 4347 5 ik B i ) g e tE 4
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1.10 4
—®—V @ C —A—TFe ¥ Co
—49——Ni —«4—Cu —P—7Zn —O—As
—0—Cd —4A—Sh —p—Ba —<—Pb
L0 -

SR (normalized signal intensity )

s
g

I T e B L DL

=14,

0.90 T T T T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100 110 120 130

t/min

Bl5 #2h A GBCA HRBRFAHMTENA—NESEE

Fig. 5 Normalized signal intensities of analytes in GBCA sample solution within 2 h

24 SrMTERTEREVEAY (LOD ) FfE PR (LOQ ), &5 U2k 2. Fr g/ Hr ot

K RINAEE WP o R Lk, it R EA RFMZLMEILHR(r= 0999 8), LOD 7E
SR AE 10 K25 IR (2% TSR ) B9 345 A1 10 0.014~0.86 ng L™, LOQ 7F 0.046~2.87 ng * L™, TG 43
R b o it 2 0T X L VR 3, A9 B A e R ARSI R Hroc &R A LOD ¥< 1.0 ng - L7

F2 HRTEAKAEEE.LODs 1 LOQs
Tab.2 Calibration data, LODs, and LOQs of analytes

HIvES LRPENLIE LOD/ LOQ/
(isotope ) (linear range )/ ( g+ L) ' (ng-17) (ng-17)

sty 0.000 1~50.0 1.000 0.037 0.12
2Cr 0.002~50.0 0.999 8 045 1.50
HFe 0.001~50.0 1.000 0.38 1.28
¥Co 0.000 1~50.0 0.999 8 0.022 0.072
ONj 0.001~50.0 0.999 9 031 1.03
SCu 0.003~50.0 0.999 8 0.86 2.87
Zn 0.001~50.0 1.000 0.27 0.90
BAs 0.000 2~50.0 0.999 8 0.062 021
med 0.000 2~50.0 0.999 9 0.070 0.23
21g, 0.001~50.0 1.000 0.029 0.098
¥Ba 0.000 1~50.0 0.999 9 0.014 0.046
26y, 0.000 2~50.0 1.000 0.053 0.18

K A J7 1 ML HR-ICP-MS i X R S %W SHEWRNSHEEAR 3 itz £, 7
JE N R 6 YK, B AR 0 v X 2 AR O R AU 95% BB AR K, A 7 ik 5 HR-ICP-MS ¥ B9 1l 58
ELE R IAT G0, BEAR LR TR SRR EEZESR(P>005), £FH R A4
Peo MR W LA, AL e 4 R 5wt

RO
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R3 RESEWE(NIST SRM 1643f ) 158
Tab.3 Analytical results for analytes in standard reference material (NIST SRM 1643f)

s 3 YGE M5 fE (found )/ (mg - L") P
(element ) (certified )/(mg-L™) ICP=MS HR=ICP-MS (ttest)P
V 36.07 +0.28 36.22+0.35 36.30 £ 0.41 0.72
Cr 18.50 £ 0.10 18.43 +0.26 18.39 £ 0.27 0.79
Fe 93.44 +0.78 93.71 +0.88 93.86 + 0.84 0.77
Co 25.30+0.17 25.41+0.32 25.28 +0.30 0.48
Ni 59.8+1.4 60.05 = 1.68 59.97 +1.52 0.93
Cu 21.66 +0.71 21.46 +0.82 21.22+0.57 0.60
Zn 74.4+1.7 75.03 +1.25 74.60 + 1.41 0.59
As 57.42 +0.38 57.20 + 0.60 57.08 + 0.64 0.74
Cd 5.89 +£0.13 5.93+0.18 6.11 +£0.30 0.24
Sh 55.45 +0.40 55.19 £ 0.69 55.30 +0.73 0.79
Ba 5182+73 521.0+8.22 526.2+9.51 0.33
Pb 18.49 + 0.084 18.53 +0.20 18.61 +0.29 0.59

BEEC 1 ANFRARE & CELARRR I N L FE 4 E 6 UK, THE BT o K A [l i %/ RSD, 45
A AT AR RS . ARIERRIAE RO W 4. AT IR B IAR ELCR N 96.7%~105.8%
R A E AL, ) FEIRE S M DM R PRER,  RSD N 1.6%~4.0% , Wil T A J5 1k Ao A 25 B = , WA
22100 f5H B Je , R AT IE X Mbr A S E R HEar

R4 SWTREMREKEFD RSD ( n=6 )
Tab.4 The spiked recoveries and RSDs of the analytes

JGE (element) JE(E (found )/ (mg- L")  RSD/% Sk (added )/ (mg = L7") Ikl E (total found )/ (mg+ L™") [ (recovery ) /%

v 1.29 +0.02 1.6 5.00 6.34+0.16 101.0
Cr 1.83 + 0.04 2.2 5.00 6.72+0.13 97.8
Fe 35.60 + 0.82 2.3 50.0 84.15 + 3.08 97.1
Co 146.5 + 4.23" 2.9 200 3512+ 127 102.4
Ni 4.01+0.16 4.0 5.00 9.30 £0.25 105.8
Cu 2.29 +0.05 22 5.00 7.19 £0.12 98.0
Zn 8.52+0.30 3.5 5.00 13.43 + 0.50 98.2
As 152.3 4317 2.8 200 360.1+11.6" 103.9
cd 48.89 1.67 3.4 50.0 97.52+£2.93 97.3
Sh 88.06 + 1.84 2.1 50.0 139.4 + 1.847 102.7
Ba 52.15+0.93 1.8 50.0 101.8 £2.77 99.3
Ph 65.25 £2.01" 3.1 50.0 113.6£3.19" 96.7

i (note ): " ng+ L'

2.5 GBCA FEfh T M R M SRR CRE 5 €L D), SR AR 7 1 ik Ay
BEIBCEL AR R A I TE S (R R > A VB FIEL 0, D EEAR L I AE 6 UK. MR ¥E FDA X GBCA

AL HREL
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(5 A Fo 8 A B 0.3 mmol - kg™, T8 4 H e K
O 42 mL (2 70 kg 11 ). WM e R & i i
FE TSRS GBCA J5 43 BT e 2 iy e KT g H 4%
A, W40 E PDE BREARIE, NZE 5 AT LA
A GBCA MR h 8 IR S RAFE —E 27, 4
A~ GBCA WA AT e R 1 e K AT RE H # A = 21IK

PDE BREFR#E, HSR GBCA 12 FiZeFioc R &1
TCAHA B 1 PR g 7] A0 XSS, LA A Aot A
FRJEREAI S , SR SeatE ) A PR AR T2 it o o
SN L oy Wl , 57 R4 2 AT 2% G R KR |
RIS A S AR RS, Ry A 7= T 25 B R e s il 4
B , IR 2B R GBCA PR RC R Y&,

®5 GBCAHRHISITLER
Tab.5 Analytical results of GBCA samples

T2 ik (content )/ (mg - 17") BT REE AE PDE/
(element ) A B C D ( maximum possible intake )/( mg+ d™) (mg-d™)
v 129 +0.02 2.70 + 0.06 0.86 +0.03 1.43 +0.03 0.11 10
Cr 1.83 +0.04 1.97 £0.08 3.90+0.11 5.25+0.49 0.22 1100
Fe 35.6+0.82 413+ 1.62 30.5 +0.74 18.7 +0.50 175 1300
Co 146.5 + 4.23" 82.1+2.37 602+ 1.37" 1223 +3.16" 0.006 3 5
Ni 4.01+0.16 2.39 + 0.06 6.25+0.18 7.10 +0.57 0.30 20
Cu 2.29+0.05 1.04 +0.02 1.38 + 0.06 0.96 + 0.02 0.096 300
Zn 8.52+0.30 11.05 +0.33 16.31£0.45 11.87 £0.25 0.69 1300
As 1523 +4.31° 262.9+7.87 102.5 +3.06" 1823 +7.41° 0.072 15
cd 48.89 = 1.67° 70.7 = 1.85 144.6 +5.87 93.2+3.02° 0.059 2
Sh 88.06 + 1.84" 131.5 £3.66" 187.3+7.12° 74.8 £2.10° 0.08 90
Ba 52.15+0.93 102.3 +3.20 77.84 +2.65 60.50 + 2.35 4.30 700
Ph 65.25 £2.01" 77.38 £ 1.56" 85.0+2.43" 109.6 + 1.97" 0.004 6 5

7 (note ): g+ L'

3 ZEig

A7 T R I E GBCA Y 12 Fh R e &
(T T 1E ICP-MS/MS (174 25 B TR R 25 5
TARSAET , 3 9% F NHa/He Sz WA 2 AT 0o/H, 2
LA AT AL JEC T B i T4 o 38 2 4B 2 A UE A A
WS Y, B0 UE T 438 5 % 0 vl B 2 M RN v
SEPE, X GBCA 445 o0 2 A i 1 I 7 i Lk
R AE T ST A 3 AT T A ng - L7 KO BSEELT
GBCA ™ 12 P 2% 5T 7T 28 19 w5 2% BORS e 72, v FH T
GBCA (1) 5 B 45l 55 XUR: B , ] 40 e o A HoAth
S5k,
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