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Effect of determination of metals in Cardenia jasminoides Ellis by ICP-MS from
online internal standard solution
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Abstract: Objective To provide a proper concentration of Internal Standard Solution by comparing five different degrees to the
simultaneous analysis of 10 metals including V, Cr, Mn, Fe, Ni, Cu, As, Cd, Pb and Hg in Cardenia jasminoides. Method An
Inductively Coupled Plasma-Mass Spectrometry method with Microwave-Assisted Digestion was developed with10, 50, 200, 500,
1 000 pg/L of Ge, In, Bi as internal standard. Result The degree of 500 pg/L concentration of internal stand solution can both
correct the matrix effect and alleviate the contamination as the 1 000 pg/L. Conclusion With excellent detection limits, high
sensitivity and wide linear range, the 500 pg/L internal standard may serve as reference in the determination of elements in other
traditional Chinese medicine (TCM).
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BT A%, AN R, TR AR X IL
W5 45 S HER I A RO

2015 4ERR (R 25y DER, SR b, oK.
i ICP-MS A 2 T N B2 A BRI REIR R 1 ng/mL
(1 000 pg/L), 7ESEFRIIE EFEH R I A AR ik B
s, KRR IR B BB R 25 R, WA S DA
BE 124 5T, AP H ) 10 FrOGHLICER, X
AN 1R P2 (R e A bron HG 5 45 SRR s, 164 —
Tl SR Fi 22 5 A 200 B S sk A8 3 A 5 % 1) e A AR
i, e MANE
1 NEE5RY
1.1 ¢E8

Agilent ICP-MS 7700 HLJSHE £ 55 58 7 IS A
([ Agilent 24 7]); Milli-Q #B4KAH RS (5
[¥ Millipore 24 ); CEM Mars-6 433 4 i X ;
Sartorius ME235S Hi- /3 #7 K1 Sartorius BS2243
HLF TR
1.2 #&

We ¥ Gardeniae Fructus (#t'5 20140850) K
AR LA A R A F S ft, FEMARL
B o
1.3 iR FIFNFREM R

65% 2 2L R (Merck 24 7)) #4l 7K (Milli-Q
LK EE RS IR AW ERRE (Be, Cr, Mn,
Ni, Cu, Fe, Zn, As, Ag, Cd, Ba, Ti, V, Pb)
(E[H Agilent /A7), 10 mg/L); Hg brifERRE (S
Agilent A7, 10 mg/L); A WFRER (°Li, “Sc,
In, Ge, Bi, Lu, Rh, Tb) (3E[H Agilent A %], 100
mg/L); Wi ('Li, *Co, ¥Y, "Ce, **TD (£
[E Agilent A%, 10 pg/mL); A5 dEY) A G -
GBW10020 CJE FKFrUED T
2 AEEER
2.1 PHEMERIRKE TREAHHERIBIEER

i 2 8 U SR A AR E R, 3] 2% HNO;
TR BB E Ny 1 pg/L (R . ERE T T
XA A R RE B ot &l 4y 0 2EAT R, B NO
GAS BT a8 a4l s 45 WnT &, %, s
T T B R T A U 30 PR DAL P A A T R
B, (625 B H BRI 20 A7 5 00 H AR () R B T
g, HBEAE RS, THoc R A mEas,
B 2N B O R R, RSB, bR
Iy M BGY . S AR A E LR 1. ICP-MS &
BTAESHIE 2.

F1 WUKHRBRRY

Table 1 Microwave digestion program

SR Ramp/min Hold/min W/ C TR /W
1 10 5 100 1200
2 5 5 150 1200
3 5 10 190 1200

%2 ICP-MS TETESH

Table 2 ICP-MS operating parameters

gE| AR
UIPIIES 1350 W
AR 15.0 L-min”"
BT 1.0 L'min”"!
B 1.12 L'min”"
PR 0.4 mL-min "'
RFERE 7 mm
RFEHEEAR 1.0 mm
AICHE FLAR 0.4 mm

22 FRERRIARARN T E

F 5 B HOE FEIR G PRUERRE, 2% HNO;
PR R 20 0.5+ 104 504 100+ 200 pg/L 1)
ZRYNBR TR o

TRE W N BR B (100 mg/L) i, I
AR Al KR TR FE A 104 50+ 200, 500, 1000
ng/L KN AR -
2.3 HiXRIBRREIE

A SRR 0.5 g, RE2FE, BT H i i
RV LM (PTFE) WG, MIAHER 5 mL,
InEesd, 2.2 TR PR R A A T I A
FrMfRseRE, Jhas, BEEns, B H¥E RS
IR A 50 mL R VUS LMEH R, F /D
AL KBRS IRRE 3k, A2 50 mL &,
SER, T, AR

PR AN 25 o B AR AR B . A v 104 50,
200, 500, 1000 pg/L PIhRAEZIANE -
24 AREARKENERTFAMERBTELS
2.4.1 WhsEEEhZE 42 5IH 104 504 200, 500
1 000 pg/L WARZELR I, ~PATIE [R]—Hbik 4 4y
BE -2, LERAN [RIVR FE T AR v 1 e s 2 i 2k
W 1. aTRUE W, BEAE WARIKEEIIE R, WAREE
TONAER R IEAE AR . XFEE 500 pg/L 5
1000 pg/L (2015 4 (E 2580y MUEED, &
T 75 e, YIREE M E TR .
242 AFEWARKE FLMERR ¥ 23 TR R
YIFRHER R AE 102 50 200+ 500+ 1000 pg/L
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Fig.1 The trend of 10, 50, 200, 500, 1 000 pg/L
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Table 3 Calibration curves of each element

Mz 10 pgL™! 50 pg'L! 200 pg'L!
JLH EfE Yy r EIEpEE: r EEpE s r

V Y=6.6145X+0.0536 0.9999 Y=1.4306X+0.0070 0.9999 Y=0.3580.X+0.001 6 0.999 9
Cr Y=5.8694X+0.1670 09999 Y=12707X+0.0357 0.9999 Y=0.3203X+0.0057 0.999 9
Mn Y=7.3975X+0.4482 0.9999 Y=1.6119X+0.063 1 1.0000 Y=0.4139X+0.0077 0.999 9
Fe Y=63102X+04299%X10° 09998 Y=1.3730X+9.6704 09997 Y=03516X+2.1127 0.999 9
Ni Y=33686X+0.3587 09997 Y=0.7241X+0.0739 09996 Y=0.1797X+0.017 1 0.999 6
Cu Y=3.1352X+0.1845 0.9998 Y=0.6762X+0.0355 0.9999 Y=0.1668 X +0.008 1 0.999 9
As Y=0.698 1 X+0.003 5 0.9999 Y=0.1500X+0.0010 1.0000 Y=0.0373X+2.2971X107* 1.0000
Cd Y=02466X-3.0661X10"* 09966 Y=00517X+1.0479X10™* 09976 Y=0.0130X+1.8620X107"° 0.9980
Hg Y=2.1829X+0.0112 0.9965 Y=0.1482X-7.8035X107° 0.9929 Y=0.0221X-3.6858X107° 0.9902
Pb Y=7.6607X+8.0478 0.9336 Y=0.3874X+0.0502 0.9977 Y=0.0604X+0.0059 0.999 0
e 500 pgL! 1000 pgL™!
JUE EIEpE S r EEp r

V. Y=0.1482X+5.0057X10* 09999 Y=6.6145X+0.0536 0.999 9

Cr Y=0.1321X+0.0024 1.0000 Y=5.8694X+0.1670 0.999 9

Mn Y=0.1716X+0.0017 1.0000 Y=7.3975X+0.4482 0.999 9

Fe Y=0.1470X+0.8848 1.0000 Y=63102X+0.4299%X10>  0.999 8

Ni Y=0.074 5X+0.006 7 0.9997 Y=3.3686X+03587 0.999 9

Cu Y=0.0692X+0.0027 09999 Y=3.1352X+0.1845 1.000 0

As Y=0.0155X+2.8787X10° 1.0000 Y=0.6981X+0.0035 0.999 9

Cd Y=0.0061X+51865X10° 09980 Y=02466X-3.0661X10"  0.999 8

Hg Y=0.0112X-3.1697X107 0.9998 Y=2.1829X+0.0112 0.999 8

Pb Y=0.0340X+0.0030 0.9986 Y=7.6607X+8.047 8 0.999 9

R4 FEARKFETRFIEEKRER

Table 4 The results of different degrees of internal stand recovery

N B %
M5E TR - - - T - = - o - I
AR 10 pgl MH% 50 gL PIA% 200 pg-L PIAR 500 pg L PM#% 1000 pg'L
\% 77.09 82.58 85.58 90.25 93.64
Cr 15.86 2573 2951 93.36 107.93
Mn 100.43 84.61 134.57 111.50 110.02
Fe 62.15 83.80 99.42 96.94 96.31
Ni 67.74 72.96 75.85 90.49 104.45
Cu 19.02 90.02 84.71 101.54 116.50
As 94.71 102.52 104.82 111.67 108.37
cd 108.1 108.10 109.47 112.46 103.71
Hg 19.54 53.42 91.39 112.43 120.04
Pb 23.65 34.87 112.24 107.14 97.36

Go BRWIEK S, HRPERTUERNESERESHE 2Rk,

3, VOB FRAREE ) 500 pg/L MESE ARG, 2.6 ZebE ¥ 2.3 TR RAUbRUE B HIFERE S

2.6 MFRIIESEIE BT, FELEIMAMRIE A 500 ug/L WAREH, 735150
LRI 500 pg/l Feff POMILATS: ARIGEAE S RAURRREL WA 6. 10 Fonastt

PEL AR EE SRR RIBCR S KRR R, MHRREI AT 0.999.
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2.6.3 HEMSE MWFEHET 6 #r, HlE 2.5
WURJ7iEAE, BEREMAT, THELR T ERIIE 45 R
RSD, &R 8.
&8 EEMHRKRLR n=6)
Table 8 Results of repeatability (n=6)

MsETCR SEBME(pgg ) RSD/%
A\ 0.1342 2.5
Cr 1.384 4 3.7
Mn 16.053 6 3.2
Fe 108.988 1 5.0
Ni 1.384 8 1.8
Cu 6.273 7 4.7
As 0.166 9 29
Cd 0.088 9 1.2
Pb 0.707 5 0.9
Hg 0.0811 2.3

*504 .
£S5 WEMRNESER (n=3)
Table S Comparison of found value and certified value
(n=3)

Rl e s R S%d
A% 1.01+0.11 1.16+0.13
Cr 1.01+0.15 1.25+0.11
Mn 30.84+1.20 30.50+1.50
Fe 486.13+22.00 480.00+30.00
Ni 1.80+0.13 1.10
Cu 6.01+0.70 6.60+0.50
As 1.13£0.12 1.10+0.20
Cd 0.26+0.01 0.17+0.02
Hg 0.15+0.03 0.15+0.02
Pb 10.41+0.02 9.70+0.90

F6 ZIEXFR
Table 6 Calibration curves

M e B )75 r
v Y=0.029 0 X +4.3259X10* 0.999 9
Cr Y=0.0255X+0.003 7 0.999 9
Mn Y=0.031 8 X+0.0035 0.9999
Fe Y=0.0278 X+0.796 3 0.999 0
Ni Y=0.0151X+0.004 7 0.999 9
Cu Y=0.0626 X+0.0100 0.999 0
As Y=0.0144X+6.9663X10" 1.000 0
Cd Y=0.0053 X+3.548 5X107 0.999 8
Hg Y=0.009 0 X+ 6.691 3 X107 0.999 8
Pb Y=0.0301 X+0.0102 0.999 6

2.6.4 JNFERICRSCEE R0 HE ARG, TR
& e e 3 MIREEGOIMA XS g, $200 2.5 T3
NERAE, JRREFE AT, AR 2.8.3 TN AT LR
T EE PR, 4RI 9.

£9 500 pg/L AR TAG T INAEE B R s B

Table 9 Results of the recovery experiments

2.6.2  JyiAFTHIER R OO IR T,
SRR 11, LS OGS B eI e B 3 AErhs v O
Z2 i LU NG 32 b i 2 (R AR5 o S 05 T (R Y
PR, ZPRAK 7. ouaRiR PRI BEAR AT R AL

IrHTER .

X7 TEREHRE

Table 7 limits of detection

W5E e % WY (ngg™
As 0.023 9
Pb 0.1530
Cu 0.2452
Hg 0.003 2
Cd 0.001 6
\% 0.008 1
Cr 0.034 0
Mn 0.1117
Fe 2.6050
Ni 0.224 6

JCE SE) BN /Y% RSD/%
\% 943 12
Cr 97.0 0.4
Mn 100.7 2.3
Fe 95.5 1.7
Ni 98.7 2.5
Cu 95.2 1.8
As 93.0 3.2
cd 102.6 1.7
Pb 100.3 0.7
Hg 102.3 1.2

2.7 500 pg/L MERKE TREFFHIFIEER

H P 2 WAL 7E 500 ug/L ARIEE R K HIEERE
i, PEERERG. P s B H AR A AT I
(R i Rk, R PRAR N ARIREE S, fELRUE
FRT DN 5 TR T S (1) (R I RRARR T R R, A
G PR e, AR T A A4 .
3 itig

AR SCAERTE A B AR ISR BB NGRS
mL, VA AT i SR DU S S T A b
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