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6. B ELZE(CV%) * (FEUEZE/SEEF(E) x 100

EPAEIECRET TR

[E SR =AIE S SR IHE < 100%
1. /T1280-110% 5 "= |



SERHT

73

u”ﬁlii

A

10147 28 HrEE P B 5 i JRE R W i E

2. /TR 70-80%8%110-120% 5 " FEF = |

3. (R 70%BEE A 120% 5 TR |
(=)Youden/&]

SUE SRR —E R E 2 2/ IR A

u?’x:nt% ’
DAL H— {45 ot 2 0l el SR ol il » 55—

B BIRAAS R Ry teatih - 52— (8% - FEAY
AT B B = 2SS RS R E - DL95%

{5 it ] 80 68 (B BB 72 B Ry Youden ] - (258
e EIE P 2 BB - H IR Bibe
PR -

R EEY iR
AR IR S5 B B <5 T R A e o o3 AT RE T AR
B HEVBRER=E2N - UESREE - R
INAREAN R 2 B (5 ~ 57~ TR KA - =E

BB = 2SR A R DLZE F R

TLIBE IS E[E ] www.angle.com.tw

401

BRan Al 85 & ﬁ%ﬁﬁéﬁcﬁ%@ P B EE
SBERTEEAY » SEFT— EAR E ERE
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IF 74 E % 8 AR /NR8.4% » BURININZ E&
EBEESGEETREERLT -

 ZEREAFER
(RS

LRG0T WS AS R R R HE-7.40
ppm * Robust-Z{E /T 12-2.60-6.20 ﬁﬂiﬂf
= AHE02 ~ 16 ~ 20 K 24FF DA 3K
HIEN R FER BB AR /E\iﬁ%ié%gzi
HRWESR  MEZERE582.6%

2. IR AT RS ST 124.10-9.30 ppm »
Robust-Z{H /T12-4.04-5.96 » HAEFEZEL

— R MREEM
F— ARSI — RIS AR R
Jiik I 1l

REE e 5 F fif e = F fil
N Mean 4.58 1.14 1.18 3.48 6.88 1.07 1.11 5.62
Ei%ﬁilﬁg SD 0.08 0.03 0.02 0.03 0.08 0.03 0.03 0.04
CV% 1.7% 2.7% 1.7% 0.9% 1.1% 2.7% 2.8% 0.7%

Mean 4.62 1.14 1.17 3.47 6.88 1.07 1.11 5.62

;g’%éi SD 0.04 0.03 0.03 0.01 0.08 0.03 0.03 0.04
CV% 0.9% 2.3% 2.6% 0.2% 1.1% 2.7% 2.8% 0.7%

. ) Mean 4.77 1.03 0.99 3.41 6.71 0.99 0.97 5.30
ﬁ%%ﬂf’ SD 0.06 0.02 0.02 0.02 0.20 0.01 0.01 0.19
CV% 1.2% 1.5% 1.7% 0.5% 2.9% 1.0% 0.6% 3.6%

) Mean 4.61 1.12 1.16 341 6.82 1.09 1.11 5.58
Bi?f:ﬁzlf SD 0.02 0.01 0.03 0.06 0.18 0.01 0.04 0.14
CV% 0.3% 0.5% 2.2% 1.6% 2.6% 0.9% 3.7% 2.5%

) Mean 4.62 1.14 1.17 3.47 6.29 1.01 0.96 5.10
E%%“[f_ SD 0.04 0.03 0.03 0.01 0.14 0.03 0.02 0.11
CV% 0.9% 2.3% 2.6% 0.2% 2.3% 2.8% 2.2% 2.2%

Mean 4.68 1.09 1.09 343 6.70 1.04 1.02 5.42

ET@%EAE SD 0.08 0.05 0.09 0.04 0.25 0.04 0.07 0.23
CV(%) 1.8% 4.9% 8.4% 1.1% 3.7% 4.2% 7.3% 4.2%
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BALSEYI R SEYER
R EREBEEHERRKBGFEER
AR -1 HE AR -1
K-01 425 -0.10 - O 6.84 1.23 — O
K-02" 3.00 -2.60 65.2 A 4.90 -2.50 72.1 A
K-03 3.70 -1.20 - O 5.80 -0.77 - O
K-04" 5.30 2.00 - O 8.00 3.46 117.6 A
K-06 4.00 -0.60 - O 5.90 -0.58 - O
K-07 4.90 1.20 - O 7.10 1.73 - O
K-08 5.00 1.40 - O 6.30 0.19 - O
K-10 4.80 1.00 - O 6.50 0.58 - O
K-11 4.50 0.40 — O 6.30 0.19 — O
K-12 3.90 -0.80 - O 5.80 -0.77 - O
K-13 430 0.00 - O 6.30 0.19 - O
K-14 4.20 -0.20 - O 5.90 -0.58 - O
K-15 4.40 0.20 - @) 6.10 -0.19 - O
K-16° g - - (] 5.10 2.12 75.0 A
K-17 430 0.00 - O 6.20 0.00 - O
K-18 430 0.00 - O 6.20 0.00 - O
K-19 430 0.00 - O 6.20 0.00 - O
K-20" 7.40 6.20 160.9 o 9.30 5.96 136.8 o
K-21 4.40 0.20 - O 6.50 0.58 - O
K-22 4.40 0.20 - O 6.50 0.58 - O
K-23 3.70 -1.20 - O 5.60 -1.15 - O
K-24" 6.20 3.80 134.8 [ 4.10 -4.04 60.3 ([
K-25 3.70 -1.20 - O 5.50 -1.35 - O
Median 4.30 6.20
Q3 473 6.50
Q1 4.05 5.80
IQR 0.68 0.70
nIQR 0.50 0.52
Faa
(—)Robust-ZAE A E 5=
1.1Z] S205E20<| 2| <3.0REFE " | 2| 3.0 H=
2. Median 5 H (285 5 Q3 Byl (78 Qlﬁa{fmﬁj\u 5 IQREBPUSM7 2 5 nIQR B i REALIYS (37 2
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BALSEYI R SEYER
= E2BE@H)ERARER
TEAER -1 HES AR -1
Hiw TR Robusez EeRCe FEERR U0 Robustz EHCHCE) FRERR
K-01 1.10 0.00 - @) 1.05 0.71 - O
K-02" 0.90 -2.86 81.8 O 0.90 -1.43 - O
K-03" 0.90 -2.86 81.8 O 0.90 -1.43 - O
K-04" 1.10 0.00 - O 1.20 2.86 109.1 O
K-06 1.00 -1.43 - O 1.00 0.00 - O
K-07 1.10 0.00 - O 1.10 1.43 - O
K-08 1.00 -1.43 - O 1.00 0.00 - O
K-10" 1.40 429 1273 o 130 4.29 118.2 A
K-11 1.10 0.00 - O 1.00 0.00 - O
K-12 1.20 1.43 - O 1.10 1.43 - O
K-13 1.10 0.00 - O 1.00 0.00 - O
K-14" 0.90 -2.86 81.8 O 0.90 -1.43 — O
K-15" 1.30 2.86 118.2 A 1.20 2.86 109.1 O
K-16 1.00 -1.43 - O 1.00 0.00 - O
K-17 1.00 -1.43 - O 1.00 0.00 - O
K-18 1.10 0.00 - O 1.00 0.00 - O
K-19° 1.20 1.43 - O 130 4.29 118.2 A
K-20" 1.20 1.43 - O 1.30 429 118.2 A
K-21 1.00 -1.43 - O 1.00 0.00 - O
K-22 1.10 0.00 - O 1.00 0.00 - O
K-23" 0.90 -2.86 81.8 @) 0.90 -1.43 - O
K-24 1.00 -1.43 - O 1.00 0.00 - O
K-25" 0.90 -2.86 81.8 @) 0.90 -1.43 - O
Median 1.10 1.00
Q3 1.10 1.10
Q1 1.00 1.00
IQR 0.10 0.10
nlQR 0.07 0.07
G
(~JRobust-Z{EH| E /7=
112 S205E20<| 2| <3.0REFE | 2| = 3.0 NHE
2. Medianf (751 5 Q3 Ryl 5L Q%{f&fmﬁu s IQREBVUSAIZTE 5 nIQREH BE(LIU (7 2= H

() USSR (%) BT
1. GRS SRR IME > 100%

THIE - HAES

2. HIEA R I B 1.1 ppm 5 NG, L RINE 1.1 ppm

3. HE S IR TA80-110% B TR |
5 NJEEE DARCRAET T

e
B

HEE DL T

5 ITIR70-80% 81110-120% 5 " HEEE | 5 KIR70% 50E2120% B T AN
— L FTR e

EFIELHEFRLIRobust-Z SREICERIBEH BRFER R - OiE s ABEE » @ T HE
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10147 28 S Sp B <5 o R B W i BT )
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TEAAR -1 HIEAER 11
Hoe TR rewsez FUCF gmmmm MR Rz FUCE grmem
K-01 0.98 -0.13 - O 0.96 0.86 - O
K-02 1.10 0.67 - O 1.00 1.43 - O
K-03 1.00 0.00 - O 0.90 0.00 - O
K-04" 1.10 0.67 - O 1.10 2.86 100.0 O
K-06 0.90 -0.67 - O 0.80 -1.43 - O
K-07 1.00 0.00 - @) 0.90 0.00 - O
K-08" 0.70 -2.00 - O 0.70 -2.86 63.6 A
K-10° 1.50 3.33 125.0 [ ) 1.40 7.14 127.3 ([
K-11 1.10 0.67 - O 0.90 0.00 - O
K-12 0.90 -0.67 - @) 0.90 0.00 - O
K-13 0.80 -1.33 - O 0.90 0.00 - O
K-14" 0.70 -2.00 - O 0.70 -2.86 63.6 A
K-15 1.20 1.33 — O 1.00 1.43 — O
K-16 1.00 0.00 - O 1.00 1.43 - O
K-17 0.90 -0.67 - O 0.90 0.00 - O
K-18 1.00 0.00 - O 1.00 1.43 - O
K-19 0.90 -0.67 - O 0.90 0.00 - O
K-20" 2.50 10.00 208.3 ([ ] 2.30 20.00 209.1 [
K-21 1.10 0.67 - O 1.00 1.43 - O
K-22 1.00 0.00 - O 1.00 1.43 - O
K-23 1.00 0.00 - O 1.00 1.43 - O
K-24 0.80 -1.33 — O 0.80 -1.43 — O
K-25 0.80 -1.33 — O 0.80 -1.43 — O
Median 1.00 0.90
Q3 1.10 1.00
Ql 0.90 0.90
IQR 0.20 0.10
nIQR 0.15 0.07
o
(~JRobust-Z{EHE /7=

112 S205E20<| 2| <3.0BEFE " | 2| = 3.0 NHEE
2. MedianfsH (781 5 Q3 Kyl 5L Qli%ﬂi&@ﬁj\u s IQREBVUSMAIZTE 5 nIQREYH BE(LIU (7 2 1H
() DAEISCR (%) FRETTAIE - HAE /=
1. HIEAS SR ARIIE < 100%
2. HIEA R I IME B 1.2 ppm 5 NG, L RINE 1.1 ppm
3. AESA @Hﬁ@ﬁmo-no%% PHEE L 5 /TiR70-80%8%110-1209% Ky " HEAFE | 5 (KR70% BE A 120% 8 TR )
AEBE AT HES - LT — ) TR
(EJ%@;%E‘E%LXRobust-z%EIHﬁz%%@%%#ﬁ?ﬁé‘% - O AFEEE  @THE
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BALSEYI R SEYER
FA  E2BEE)ERIGFEER
HELER -1 R A1

Hoe TR reusez FUCF ammmm wateemn Rowsz  TUCF grEsm
K-01" 6.03 4.87 1723 ([ 8.95 4.29 159.8 o
K-02 3.10 -0.56 - O 5.60 0.35 - O
K-03 3.10 -0.56 - O 4.80 -0.59 - O
K-04 6.80 6.30 — O 11.00 6.71 196.4 o
K-06 3.40 0.00 — O 5.60 0.35 - O
K-07 3.50 0.19 - O 5.70 0.47 - O
K-08 3.10 -0.56 - O 5.30 0.00 - O
K-10 4.00 1.11 - @) 5.30 0.00 - O
K-11 3.70 0.56 — O 6.30 1.18 — O
K-12" 2.00 -2.59 57.1 A 3.00 271 53.6 A
K-13 2.90 -0.93 - @) 4.70 -0.71 - O
K-14 3.60 0.37 - O 5.80 0.59 - O
K-15 3.60 0.37 — O 5.10 -0.24 - O
K-16" PN - - [ ] 4.50 -0.94 — O
K-17 3.90 0.93 - O 6.50 1.41 - O
K-18 3.40 0.00 - O 5.30 0.00 - O
K-19 3.20 -0.37 - @) 5.20 -0.12 - O
K-20 0.60 -5.19 17.1 ([ ] 1.10 -4.94 19.6 [
K-21" 2.30 -2.04 65.7 A 4.30 -1.18 - O
K-22 3.60 0.37 - @) 6.00 0.82 - O
K-23 2.90 -0.93 - O 4.70 -0.71 - O
K-24" 5.10 3.15 145.7 (] 3.20 2.47 57.1 A
K-25" 2.10 -2.41 60.0 A 3.20 -2.47 57.1 A
Median 3.40 5.30
Q3 3.68 5.75
Q1 2.95 4.60
IQR 0.73 1.15
nlQR 0.54 0.85

G

(~JRobust-Z{EHE f7 =

LZ| =205 20<|2Z|<3.0BEESE | 2] = 3.0 NS
2. Median B F {78 5 Q3R VY A1 8L 5 QUAEIY (7 EL 5 IQRAVYSAIZHE 5 nIQR Ky RE(LIU M7 2 H
()R DAEISCR (%) FRETTAIE - HAE /K
1. RS SRR IIE < 100%
2. HIE LI INME 3.5 ppm s IS TR NME 5.6 ppm
3. AESA @H&ﬁﬁmo 110% R "= 5 /TiA70-80%8%110-120% K " FEXE | 5 (KIR70% 8ER120% R " NWE |,
TEFLABIERETHES » LT — ) FoR
(zJﬂr‘Uﬁff%ﬁﬁ%uRobust-zéz@Hﬁz%ﬁfé%%ﬂ%ﬁéﬁ% c OfE ) NEREE @ T mE
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1014 8 rh 88 80 5 5 T Vs B b 2 e J e
F BRSPS ESBAGER - ERMEREWERZ BB
. HEBHEEFR
IR A g
TR T E%/J\{ﬁ(ppm) E%j({ﬁ(ppm)
it} PN 7.40
1 5 0.90 1.40
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Results of Proficiency Testing in 2012: Heavy Metals in
Chinese Herbal Formulations

ERH-YUN CHIANG, WAN-CHEN LEE, MING-SHIN LEE AND
HWEI-FANG CHENG

Division of Risk Management, FDA

ABSTRACT

A proficiency test was held in 2012 in order to understand the analytical competence of laboratories in
testing for heavy metals in Chinese herbal formulations. The formulations used as the test materials were
consistent and effective in terms of homogeneity and stability. A total of 23 laboratories participated in the
test. The analytical results were graded using Robust-Z and recovery statistics. The three grading categories
of Robust-Z were as follows: |Z| score =2 was “satisfactory”, 2 < |Z| < 3 was “acceptable” and |Z|=3
was “unsatisfactory”. The results of spiking experiments were categorized as follows: 80-110% recovery
was “satisfactory”, 70-80% or 110-120% recovery was “acceptable” and < 70% or > 120% recovery was
“unsatisfactory”. The better of the two results was used. Among the laboratories evaluated, 9, 8 and 6 laboratories
were graded as satisfactory, acceptable and unsatisfactory, respectively. Laboratories graded in the category of
“unsatisfactory” were required to provide a corrective action report and take a second test. The proficiency test
allowed laboratories to monitor and improve their competency and assess their performance in relation to other

laboratories.

Key words: proficiency testing, Chinese herbal formulations, heavy metals



