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Quality Control for the Analysis of Heavy Metals in Herbal Medicine
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Control measures for the analysis of toxic compounds such as metals, and sulfur dioxide should be devel-
oped to assure the safety of herbal medicines. Various herbal medicine was properly selected and analysed by
KFDA and other methods. Samples either prepared by microwave or hot plate digestions were analysed by AA
(either flame or furnace), ICP, and/or ICP-MS. Method detection limits for various metals and methods were
reviewed based on applicability of these methods on the equivalency of KFDA methods. Proper quality control
criteria for matrix spike recoveries (accuracy indicator) will be 70~130% for metal analysis in herbal medicine.
Relative errors expressed in relative percent difference for duplicate analysis (precision indicator) will be 15%
for the same analysis. Laboratories for herbal medicine analysis can produce and report reliable data by imple-
menting proper standardized quality control (QC) measures.
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21. M=
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2.2.1. Microwave digestion
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Add HNO;3 12 mL and

reflux for 15 minutes
I

Microwave
digestion (170C)

l

Dilute with reagent water and
filter by Watman 41

Fig. 1. Diagram of microwave digestion.
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‘ Sample 05 ~ 1.0 g ‘
l

| Add HNOs 20 mL l
l

‘ Digest on the hot plate ‘
l

‘ Add HzO2 up to 10 mL ‘
l

Dilute with reagent water and
filter by Watman 41

Fig. 2. Diagram of hot plate acid digestion.
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2 10mL o WA "olol s t} 22 AEE
filter paper(Watman 41)°] AE $ ZHF F3= 100
mL=Z gt}

23. 717 24

9} o] A AHgg A FE ICP(Varian, Vista
MPX), ICP-MS(Varian, 820-MS) 22|32 AA(Varian,
AA 24020)= FA8IR e, B4 270 747} Table 1,
2, 30l A8kt

Table 1. ICP operating conditions for metal analysis

Setting range for

Instrument Parameters Normal Sensitivity
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Table 3. GF/AAS operating conditions for metal analysis
As Cd Pb

Instrument Type Furnace

Conc. Units ug/L

Sampling Mode AutoMix

Calibration Mode Concentration

Measurement Mode Peak Height

Expansion Factor 1.0

Minimum Reading Disabled

Smoothing 7 point

Conc. Dec. Places 2 3 2
Wavelength 193.7 nm 228.8 nm 283.3 nm

Slit Width
Lamp Current

05R nm 0.5 nm 0.5 nm
100 mA 4.0 mA 10.0 mA

- Plasma flow (L/min) 15.0
- Auxiliary flow (L/min) 2.25
- Nebulizer pressure (kPa) 200
- Sample uptake delay (s) 20
- Power (kW) 1.00
- Pump rate (rpm) 20
- Instrument stabilization delay (s) 20
- Rinse time (s) 20
- Replicates 3

- Replicate read time (s) 5

Table 2. ICP-MS operating conditions for metal analysis

Setting range for

Instrument Parameters Normal Sensitivity

Gas flow (L/min)

- Plasma flow 17.5
- Auxiliary flow 1.50
- Sheath Gas 0.15
- Nebulizer flow 1.01
-RF Power (kW) 1.35
Sample Instruction
- Sampling Depth (mm) 55
- Pump rate (rpm) 6
Ton Optics (volts)
- First extraction Lens -1
- Second extraction Lens -173
- Third extraction Lens 211
- Corner Lens -243
- Mirror Lens Left 62
- Mirror Lens Right 31
- Mirror Lens Bottom 30
- Entrance Lens -2
- Fringe Bias 2.4
- Entrance Plate -32
- Pole Bias 0.0

Lamp Position 1
BC Off

Background Correction
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Fig. 3. Calculation of method detection limit for cadmium

analysis.
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Fig. 4. Relationship between relative percent difference
and lead concentration - ICP.
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Fig. 6. Arsenic, cadmium and lead recovery for herbal
medicine analysis - Microwave digestion/ICP-MS.

2 4 6 8 10 12 14 16 18

Ao] e ek AT 279
Table 4. Method detection limit by instrument
unit: mg/kg
ICP GFAA ICP-MS
Element Measured  Measured ~ Measured
(Estimated) (Estimated) (Estimated)
Ag 0.33 (0.4) 0.1) 0.17 (0.02)
Al 30 4) (0.6) 3.6 (0.2)
As 4.2 (1.6) 0.054 (0.2) 0.2 (0.28)
Ba 1.4 (0.2) 0.4) 1.9 (0.16)
Be 0.058 (0.06) 0.4) 0.10 (0.06)
Ca 27 (2) - -
Cd 0.17 (0.2) 0.044 (0.01) 0.087 (0.1)
Co 0.31 (0.4) 0.2) 1.5 (0.018)
Cr 0.3 (0.8) 0.4) 1.4 (0.18)
Cu 3.9 (0.6) 0.2) 0.44 (0.1)
Fe 160 (6) 0.2) -
K 19 (60) - -
Mg 85 (4) - -
Mn 0.47 (0.2) (0.04) 0.19 (0.02)
Mo 0.75 (0.8) 0.2) 3.7 (0.06)
Na 66 (6) - -
Ni 0.85 (1) 0.2) 1.2 (0.1)
Pb 14 (2) 0.27 (0.2)  0.16 (0.12)
Sh 8.9 (1.6) 0.6) 0.22 (0.08)
Se 7.6 (4 0.4) 0.86 (1.58)
Sr 0.63 (0.06) - 0.023
Tl 26 (0.2) - 0.20 (0.06)
\Y 0.068 (0.6) - 0.23 (0.5)
Zn 4.3 (0.6) - 1.7 (0.36)
Hg - 0.64(CVAA) (0.09)

MSD) 3482 HESIAU FHg 62 F2 A4 ui4
g’“o ICPZ l‘&_rﬁ gk B, Jhes, Wl gk il’“ =
S el Aog mE 80% ol el 45et 35E

UrE}LHS’iL tE 554 Z-5ol= ICP2t ICP-MS ﬂﬂ
o g sjggo] ¥ Hioﬂr(" A A]) GFAA?]
S rgd e WA UERReH(Table 4), 7 AE
(MSe} MSD)ZFe] A== tiRE Yk Jelsdth
(Table 4).
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Table 5. Precision and accuracy by duplicate and spike recovery test

Bl MS/MSD RPD Recovery, % Sample RPD
ement ICP GFAA ICP/MS ICP GFAA ICP/MS ICP GFAA ICP/MS
Al 20.8+23.2 - 10.6£10.4 91.7+29.4 - 92.8+27.0 12.4+9.3 - 16.2+10.6
As 5.0+4.2 5.746.0  12.4+15.1 90.6+6.0  71.6+7.1 87.8+12.0 - 50.7£19.5 16.5+8.4
Ba 9.7+18.9 - 5.943.5 97.6+5.1 - 98.5+9.7 11.6+11.7 - 14.7+16.2
Be 22425 - 3.8+1.9 87.6+5.3 - 87.1£7.4  9.51+6.13 - 20.7+£16.7
Cd 2.242.3 7.0£3.1 2.4+2.4 84.245.0  79.9459 81.2454  13.249.5 24.0£11.5 4.45+4.55
Co 2.4+2.5 - 2.2£1.5 84.5+5.5 - 82.7+82.6 17.5+13.1 - 11.1+14.1
Cr 2.8£2.5 - 3.445.1 84.8+5.3 - 80.4+5.7  17.8+14.1 - 19.2+16.5
Cu 3.1£24 - 5.0+4.8 180.9+10.6 - 89.8+6.7 9.5+7.9 - 10.1+£8.0
Fe 34.2+44.0 - 5.0+£11.0 139.3£111.4 - 94.0+9.3  12.348.6 - 13.8+13.4
Mn 10.7£25.4 - 6.1£3.9  88.4+11.7 - 112.3+14.2  8.449.5 - 13.4+18.8
Mo 23425 - 4.944.2 91.3+5.9 - 83.5+7.2 - - -
Ni 3.1£2.8 - 5.6+4.9 87.6+5.7 - 80.6+6.6 8.7£8.4 - 13.4+12.1
Pb 3.3+2.2 4.6+3.8 5.9+7.8  85.0+6.0 45.7#5.0  85.8+6.3 18.6+10.6 11.7+13.3 15.4+12.9
Sh 6.4+3.5 - - 91.6+9.2 - - 22.4+16.6 - -
Se - - 1.5+1.6 - - 83.5+3.0 - - -
Sr 5.245.3 - 45+3.4  88.7+9.0 - 110.2#21.6  6.7+6.3 - 5.3£5.6
\% 2.4£2.5 - 4.0+4.5 91.1£91.8 - 87.3+5.5 2.2+2.6 - 12.7+11.9
Zn 5.3+5.1 - 13.1£11.5 80.1+6.3 - 103.7+18.8 16.0+£9.4 - 13.5+£9.0
o RE A7 ARgskes BAel tid ANddE & 47 25%9) 30%5 WeRaL oM vlwd v
SIS A71AE A 1 18] o) e 717 T e fle EYY FEE5 4 Ndk S4s=
Aol gdEiilS Ao E HAET 28 QCo o)F AF <20xMDLe| 7% RPD 25% ©l&te] #S criteria
oz MAsjorst Zoltk. ICPMSe Al Algel o = A3t gl vls EPASH Msle o 71 8
3l matrix spike recoverye UE FEZo| tis] @Al 0 B $£AQE r|Ee® HriELh
et H94 Wk o 35 F vaE 76~
119%, V=82 74~R%E 183 FLoles 75~ ZAle| 2
98%°] 3|52 AU AA THLATEAIA 7=l
O3k 3|8 T5~125%F ANEL oY Eoke 2 Ate AFoREPR ] “qofA] 471

FFAAE 7IEM = 35E 70~130%5 AlAISkAL
ATED) olef] FekAje] ebdE-S Esle] v)A =R
g B4 358l digt QC criteria® 70~130%
A2 AAsks Aol FEE 2o dArkd.

o] & W= EPAYIM f71& & Walledol A¢
NE EXS BN mjr g FIFEd tis)
75~125%2] 35&S QC criteria® AFEsh=s A
FHsh AAsita dgEnh 2 AolA o]FAIE,
= MSMSD w45 &3 42 olFAE 4ol o
3 RPD(%)= GFAAZ EA3 ¥)AE A|9)slal 20%
ygom o]FEAe olgH AgEo| Hlwd v &
T2 EAEP] Wil e a#sked 30%2] RPD
£ QUIELE A3 5 9lg Zlo= wnEnh 7
LAFIND = B HTEAE I <st RPD

=7 3538 7 ATEHENE 0709278 2F2F306)”
o} «gleka] EA9713 felEd AxdE AFEAHE
0811278 2F21218)” FpA|2] A ¢S Wo} Y= 5
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