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Determination of Elemental Impurities in Synthetic Colorants
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Abstract: An inductively coupled plasma mass spectrometry (ICP-MS) method was established to
detect the content of Class 1 elemental impurities (arsenic(As), cadmium(Cd), mercury(Hg), and
lead (Pb) ), and Class 2A elemental impurities (cobalt(Co), nickel(Ni), and vanadium(V)) in
synthetic colorants ( Tartrazine, Brilliant Bule, Erythrosine) according to ICH Q3D. The sample was
digested by microwave digestion. The results showed that the linear correlation coefficients (7*) of all
elemental impurities were greater than 0. 999 in the range of 0—100 pg/L., with the exception of Hg,
whose linear range was 0-5 wg/L. The detection limits (LODs) ranged from 0. 002 to 0. 015 mg/kg.
The recoveries were within the range of 90. 0%—-110%, with relative standard deviations (RSDs) less
than 5. 0%. The method is highly sensitive and accurate, and is suitable for the control of Class 1 and
Class 2A elemental impurities in synthetic colorants, with the low residual risk of Class 1 and Class
2A elemental impurities in commercially available synthetic colorants.

Key words: synthetic colorants; inductively coupled plasma mass spectrometry (ICP-MS) ; ele-
mental impurities; ICH Q3D
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HOF2A R R B 8. PU) RERE AT % 28 PRl EEM@%Lﬁ%%ﬂﬂmﬁihﬂ
PRk
1 Xy
1.1 57

Agilent 7800Ce HLIEARS & 55 55 TSN (2 Agilent 227 ) 5 Mars—xp i IH AL (£ [H CEM A7) ) ;
BHW-09C16 e 1 i ( L i L@ tb 2 PHE AR A7) 5 5810(R) /& 3 &5 O AL (T E] Eppendorf 242 7] ) ;
Milli-Q #afi7K 245 (£ Millipore 24 1) ) o

B, Bh. OB BRL B OR. B ST EMRHER, TURIRE N 1000 o/ L(E R bRiEY i
i) o FREENARIR AW part#5183- 4681(“1d Sc. Ge, Y. In, Th, Bi)10 ng/ml(ZEH Agilent A7), £k
2. AHER (egkati, 181 Merck 28w])), RESF/K(HFHZE18.2 MQ em),

FrEE 14t SR B 4 Nl (BUNISNTI4 38, 52 124ibFE ok B 4 -k (B L1~L12 /83,
TREELT AL SR A 4 M (LL C1~C8 123 .

1.2 ICP-MS T{E&#

FHFT 2R 1600W 5 SRAEIREE 10. 0 mm; SRR R M AR, i RE 4. 0 mL/min; WE2h R4
HO. 10 v/min; FALEMRE 2 C; AR, FE TR RS ES; FLRNRRGE T E
B 5T E ﬁﬁﬁ%ﬁw,%W%&Eﬁf,Mmﬁ@mﬂhﬁwxwm“Mf%&mm\
*“Hg, *Pb, HH 'V, YCoLL®Sc HNHR; “Ni. "AsLL7Ge AWNHR; "CdLL"In HHNFR; *“Hg. **Pb
LI Bi iR,

1.3 BiRMH&E

1.3.1 HiXRBAR BUER . REFEN0. 2o, HEFE, BEIFNMRY, IS LR, 'Y, %
FNEIT RN, BERUEEMAAON, #1381 IR TR . FREMR SIS, BHMIRFEN 50
mL S, RS ToKUERE T SRR, SIFBRE T M, BN 200 pLiREEHR 1 pe/mL )4
HOCEPRE, RUKWRBEZZIE, 75, W,

FREELAE AT XS FORFAAM ] . RESEFREURENL 0. 2 o, ZRANIRIFAR)G . H5IH AR e ER
THARACH 100 “Chidk 1 h, $EIMLE S, HOA G LR R . vidk . © 2, R,

F1 R RRET

Table 1  Microwave digestion procedure

Gradient program 1 2 3 4 5
Temperature(C) Initial temp—75 75—100 100—150 150—170 170—190

Heating time (min) 5 3 7 5 5
Hold time(min) 1 3 3 3 10

1.3.2 TABAK BREANFESSS, S5SNI G &o
1.3.3 HRERE KBS EE Hg T B ERRE &, m%mw-hmwM%m:w@mm%&i

WREA A0, 0.2, 0.5, 1., 2, 5 ng/LE) RVbRIEIAT ; K2 EH V. Co. Ni, As, Cd, PhHTHE
PR S &, m%mmWWMﬂ&%ﬁ%WE%%%m1\&1mzm50um%mmgﬂmn
PRUETE

1.3.4 mhﬁwzﬁ¥ﬁaﬁ K52 RV, Co. Ni. As. Cd. Pb, Hg Ao EbriEiamEs, 5%
THIRIERECHI R V. Co. Ni, As, Cd. PbICEIRE/ 4 10 pg/ml, Hg e B E N 1 weg/mL IR G
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W REEFRBGT AN (L1)0. 1 g, RN LRIR AW 25/50/100 WL, fRH BRI B E 4 34y,
WEE 6y, HARSHGRSERIRNE R & MEFRBIREELES(CO0. 1 g, 2N _LidiRA T 25/
50/100 pL, fRIMKREEFIEHRES 30y, PRE 64y, HASHERNIERIEER &

1.3.5 HMIRAER HEEBFRENRE S (10 pg/mL) &, H 5% iHRR IS H R B A 500 wg/mL
HITR A AR

2 #HR5TE
2.1 HAEEEE
2.1.1 % M B “1.3.37 W FARERGEATINGE , DL TC I N AE A NARER | SRR AR A
bR, 2hibnEhZe, FEWE2, 45BREHEITLE(V, Co. Ni, As, Cd. Hg. Pb)7EAHMN B IEHE N

LMERRRY, HRREG)EIE0. 99V k.

F2 UEANE. RHHRAE BT RER
Table 2 Results of linearity, LOD and LOQ

Element Linear range/(ug-L™") Linear equation I LOD/(mg-kg™") LOQ/(mg-kg™)
A 0~100 y=0. 133 0x+0. 001 5 0.999 9 0. 005 0.015
Co 0~100 y=0. 176 8x+6. 590 6x10™* 0.999 8 0. 002 0. 006
Ni 0~100 y=0. 042 1x+0. 001 5 0.999 8 0. 008 0. 027
As 0~100 y=0. 019 9x+1. 868 4x10™* 0.999 9 0. 005 0.017
Cd 0~100 y=0. 007 7x+2. 963 5x107° 0.999 9 0. 002 0. 006
Hg 0~5 y=0. 004 5x+3. 823 5x107° 1.000 0 0. 003 0. 009
Pb 0~100 y=0. 041 5x+0. 001 5 1.000 0 0.015 0. 049

2.1.2 KUHRMEETR M “1.3.27 WF 20 BEEETTIE , DL E iR EERY 3 A5 itk i 22
(3SD)YE MRS PR (LOD) , 10 AR 22 (10SD)VE R E &2 TR (LOQ),, RAFEMITHE AR (FFEE 0.2
g, ERZES0mL), Z5RWE2, FILEHKLODs #0.002~0. 015 mg/kg, LOQs 47 0. 006~0. 049 mg/kg.
2.1.3 ERMERE U “1.3.47 IR IbRECR RIS AR T e, 2SRRI S T E I R Y
1£90. 0%~110%2 8], AHXRIENR 2 (RSD)¥/INT 5. 0%, W3, 4, JrikmEni i = i,

%3 PR TT R ECR IR (%)

Table 3 Results of recovery test of elemental impurities in Brilliant Blue (%)

No. A4 Co Ni As Cd Hg Ph
Low 1 104 104 108 105 102 103 104
Low 2 95.8 9.1 91.5 102 93.3 94. 4 93.9
Low 3 102 101 93.9 107 108 106 106

Medium 1 105 107 103 106 102 99. 1 102
Medium 2 101 101 97.6 104 99. 8 98.0 97.9
Medium 3 97.8 99. 1 96. 4 102 94.5 95.4 95.6
Medium 4 99.6 101 99.2 104 97.4 99.6 98.0
Medium 5 99.0 102 98.6 103 97.0 96. 2 97.2
Medium 6 98.7 99.5 96.5 102 96. 6 98.6 97.2
High 1 96.9 96. 4 96. 8 98.5 95.6 95.7 95.4
High 2 96.7 96.3 96.3 97.5 95.1 96. 4 94.0
High 3 102 102 102 102 101 105 99.5
Average 99. 8 100 98.3 103 98.5 98.9 98.4
RSD 2.9 3.5 4.4 2.8 4.3 3.9 4.0

2.1.4 JEEMRKE BT, FELCHEN P CESERAM, B “1 3,47 iR EERRE R
RO AT 5% . 25 IR, R 7RC Z M E 8 RSD 43 4104 2. 5%, 2. 8%, 2.6%. 1.5%.
2.8%., 1.7%. 2.1%; ZR&EZH 7 Fhoc Z IR RSD 2034 1.4%, 1.7%. 1.5%. 1.7%. 0.6%.
2.0%. 1.0%, FiEMEEER L.
2.1.5 BEMIKE B “1.3.47 AR E ARSI ISR, 2HIFE0. 24 hiFEFEM T 45
WoR, FEEE T T R T E AR E S B4 0. 9%, 1.5%. 0.6%. 0.7%. 3.1%. 0.4%. 2.3%; FR&EL 7
FhICZ AR ZE 3 A4 0. 1%, 1. 6%, 2.0%. 0.7%. 3.1%. 1.0%. 0.2%, HEHLE24 h NFEE Tk R IF,
2.2 Hm&ER

BU“1.3. 17 MBSO T , 45 RS, PRSI BSR40 R 144itkrigd . 44
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Table 4  Results of recovery test of elemental impurities in Erythrosine (%)
No. A4 Co Ni As Cd Hg Ph
Low 1 97.1 96.7 94.0 99.5 93.9 98. 1 98.0
Low 2 97.5 96. 6 96. 8 101 92.6 97. 4 97.9
Low 3 98.3 98.2 97.7 100 95.9 93.5 99. 4
Medium 1 97.4 96. 1 98.1 102 94.9 94. 8 97.7
Medium 2 97.6 95.5 97.0 103 95.2 97.9 100
Medium 3 98.0 96. 8 96. 6 102 95.4 97.6 98. 4
Medium 4 98.2 96.7 95.0 98.8 95.3 100 99.8
Medium 5 99. 8 98.8 99. 1 104 95.9 95.2 99.1
Medium 6 101 99.8 98.4 103 96. 6 98.0 99.9
High 1 98.5 96.7 95.9 104 94. 8 99.0 97.9
High 2 98.6 95.5 94. 8 103 94.9 101 98.0
High 3 96. 8 95.9 94. 8 100 91.9 95.7 96.3
Average 98.2 96.9 96.5 102 94.8 97.3 98.5
RSD 1.1 1.4 1.7 1.7 1.4 2.2 1.2
5 FEMIE tﬁé(mg/kﬂ)
Table 5 Sample testing results(mg/kg)
No. Name Manufacturer Lot No. \ Co Ni As Cd Hg Ph
N1 Tartrazine A A-1 0.034 0. 009 0.209 0.019 0. 004 0. 006 0.021
N2 A-2 0.037 0.023 0. 396 0. 026 0.016 0. 006 0. 040
N3 A-3 0.023 0.010 0.283 0.014 0. 005 - 0. 024
N4 B B-1 0.038 0.016 0.152 0. 065 0. 005 0. 007 0. 198
N5 B-2 0.034 0.012 0.117 0. 068 0. 007 0.013 0. 196
N6 B-3 0.033 0.013 0.135 0.071 0. 006 0.013 0. 208
N7 B-4 0.032 0. 007 0.077 0. 044 0.029 0. 007 0. 040
N8 B-5 0. 030 0. 005 0.178 0.019 = - 0.031
N9 C C-1 0. 036 0. 005 0.128 0. 027 0. 007 - 0. 028
N10 C-2 0. 055 0.011 0. 196 0.035 0. 020 - 0.039
NI1 C-3 0. 046 0. 008 0.224 0.015 0.041 - 0. 026
N12 D D-1 0. 052 0. 008 0. 127 0.013 0. 004 - 0. 048
N13 D-2 0. 041 0. 008 0.153 0.014 0. 002 - 0.043
N14 D-3 0.048 0. 005 0. 057 0.019 . - 0. 020
L1 Brilliant Blue B B-6 0.083 1.537 1.242 0. 024 - 0. 006 0.037
L2 B-7 0. 131 1.247 2.212 0.028 - 0. 047 0. 055
L3 B-8 0.215 0. 507 4.414 0.034 - 0. 161 -
L4 C C-4 0.019 0.472 0. 960 0.012 - 0.016 0.023
L5 C-5 0. 020 0. 490 0. 687 0.010 - 0. 004 0. 052
L6 C-6 0.038 0. 021 0.392 0.010 - - 0.017
L7 A A-4 0.347 0.024 4.221 0.011 - 0.010 -
L8 A-5 0.295 0.015 3.777 0.017 0. 002 0.014 -
L9 A-6 0.299 0.013 1.282 0.010 - 0. 004 -
L10 D D-4 0.514 0.774 10. 080 0. 066 - 0. 085 0.053
L11 D-5 0.525 0. 785 10. 185 0. 068 - 0. 088 0.063
L12 D-6 0.133 0.594 11. 746 0.016 - 0.219 0.018
C1 Erythrosine A A-7 0.013 0. 004 0. 084 0. 020 0.010 0. 003 -
C2 A-8 0.011 0.003 0.071 0. 009 0.010 0. 004 -
C3 A-9 0.015 0. 003 0. 090 0.010 0.019 0. 005 0. 002
C4 C C-7 0. 007 0. 006 0.248 0. 008 0. 002 - 0.018
C5 C-8 0. 007 0. 006 0. 209 0. 006 - - -
C6 C-9 0.011 0. 061 0. 196 0.011 - - 0.018
C7 B B-9 0.016 0. 004 0. 098 0.015 0. 027 - -
C8 E E-1 0. 026 0. 020 0. 481 0.012 0. 008 0. 004 0.041
30% Oral PDE 3 1.5 6 0.45 0.15 0.9 0.15
Oral PDE 10 5 20 1.5 0.5 3 0.5

-

: no detected
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ICP-MS M E TLFE M TP R ZA FOE T IRAETRY, Frk 3ok B oo R i & ALz 0T+
. ZEFE T, AEAETFI, hEd R T IEALE . R TP 072 SO 58 i B 5
AP N LA A O RIE RN E A, M ETREP AT Y, e R . ASCRHEAR
Rl 48 S N AR, BRSSO RN ZE; FELRIMA R, BN PRIRM 25 B 20 S R oo 2 5 = 20
EEEN, SR Z WA IERES, AROHBR 7RO AU R . R R 45 e 2 0 iR
FE 90. 0%~110% 2 18], a8 7R ) W bRIEA ROt AME 7ROV, J7ike] HF AN TA BE AR
R
2.5 RIFEEAIMEXIREITENER

B E 2 Ch. P, EEZGH USP, HAZGH P, BMZGHEP, PEEHERGB. HAR MR
A E A ISFA . BRIRINFIEREG TR B RSTEJECFA . EEPFFEM CFR., MKEREZ RS EU
HERPME, RTALAREORF TR E L6, 4R BITEE | TR A S
H1ZRIEEA(As, Cd. Hg, Pb)E /T &b AN R &, 22 RN,

F6  [EI SRR B R0 76 2 24 TR B (me/kg)

Table 6 Elemental impurity limits for synthetic colorants in international and national standards (mg/kg)

Name GB JSFA V10 JECFA CFR. 21 EU 231/2012
Tartrazine As<1.0 As<3 Ph<2 As<3 As<3
Pb<10. 0 Ph<2 Pb<10 Pb<2
Hg<1.0 Hes<l1 Hes<l1
Cd<l1
Brilliant Blue As<1.0 As<3 Pbh<2 As<3 As<3
Pb<10.0 Pbh<2 Pb<10 Pb<2
Hg<l1
Cds<1
Erythrosine As<1.0 As<3 Pb<2 As<3 As<3
Pb<10. 0 Pb<2 Pb<10 Pb<2
Hexl
Cds<l1

ICH Q3D $i5 5 J5 D] 5 7~ XURS: PEAl Al 4 H Ao 17 2 5% 5 (PDE) X T B AT /0 Al o AR H
—MRE, MRS 2R H AN ES T ECE R & K38 ICH Q3D 483 I, FoTERTiris
W SEWAIRGELT, F O IRA 2R TIRAS . DA T RE N & H UiF 5 8 (PDE) 1Y 30%1E 4
FEHIBIE, DL PDEAVE A HER SU B (FE25 500 HERAN B <10g 1500 ) . DI PRAN SEBRINNAR 1) e 2 2%
KB SR

MFESTTLEL, 4B V. Co. Nii As, Cd. Hg 2R TFHBME; PhA 1R
i B2 25% ) 1 3 4t (ol SRR i i 21 4% ) I Pl B, ARB S A SR VFIREE , AP ol i i
S Ph XBEES AN 1243 BRSNS VL As, Cd. Hg, PhEEXRTEGIBIM; Cof 1 ROEER
25%) B 1AL (S S i 8. 3% ) Mt P BIE, AR ARVFRE; NifF 1) RZOEET R 25%)
B 3 FEAE e (o R B B 25% ) R i B, AR R AU, SR SRR o Ni KU E /1N
M 8 HAREELLAES Y V., Co. Ni, As, Cd, Hg, Pb&EHMRFIHIBIME, XN,

BTN ARG e A 25 AR S GRITEZ S b R, Koo R FURE B R vmk e
B A A, N ARG 1 28R 2A 2870 3 4% B0k B3 B B R AR . (03T 45 Al A58 8 b Ph
A S AE PDE {ELIY 49%~42% 2 18], 5235 H Ni A H B 7E PDE R 29~59% 2 8], 33 AL 34 Ikt Ph
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