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[ Abstract ]

elemental differences between calcined Alumen and its counterfeit processed products of ammonium alum, and

Objective: To provide the new quality control means for Alumen by investigating the

establishing their characteristic chromatogram. Method: The contents of 22 inorganic elements both in calcined
Alumen and processed products of ammonium alum were determined by means of inductively coupled plasma
(ICP) -optical emission spectrometer-mass spectrometry ( ICP-OES/ICP-MS), SPSS 16.0 was used for cluster
analysis (CA) while SIMCA-P 13. 0 with ¢-test and Rank-Sum test was used to identify the differential inorganic
elements. In addition, the characteristic spectrum of the inorganic elements for calcined Alumen and counterfeit
calcined alumen were established. Result: Calcined Alumen had highest contents of K and Al while counterfeit
calcined Alumen has highest contents of Al and Fe; Cr, Sr, and Mn contents in calcined Alumen were relatively
higher, while Mn, Ti, and Ga contents in processed products of ammonium alum were relatively higher. The
content of K in calcined Alumen was about 205 times of that of counterfeit products. On the contrary, the average
contents of Fe, Ti, Mn and Ga in counterfeit products of ammonium alum were much higher than those in calcined
Alumen, 33, 46, 38, 27 times, respectively. A total of 18 samples were clustered into two categories in CA
calcined Alumen and processed products of ammonium alum. 18 inorganic elements showed significant difference in
contents (P <0.05), Be, Mg, Al, K, Ti, V, Mn, Fe, Co, Ni, Cu, Ga, As, Sn, Sb, Hg, TI, and
Pb respectively. Characteristic spectrum of 21 inorganic elements in calcined Alumen and counterfeit calcined
Alumen were established. Conclusion: This method can be used for quality control of calcined Alumen.

[ Key words ] mineral Chinese medicine; calcined Alumen; ammonium alum; ICP-OES; ICP-MS;
inorganic elements; quality evaluation; characteristic spectrum
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SRR TT R S L TE AL T 3R R A 1, O R R B4 o

il B P AR i
1 ###
1.1 2% 350 D AU e BRE A 55 5 7 IR- 3%,

Optima 8000 %4 iy J&H & 45 B 7 14 -Ji 1 & 41 65X
(£ [ Perkin Elmer /A &) ) ; ME104E A 1/1 J7 81
3BT K (Fi -+ Mettler-Toledo 23 &) ) 5 Tl & 4l 5 <
(P KPR SR IR BT A #] ) 59X 2-4-10 B o
P (RS A BRA R o

1.2 £z 4 (K) (4it*5 GSB04-1733-2004) , 41
(Al) (#t % GSB04-1713-2004 ), & ( Fe) (4t =
GSB04-1726-2004 ) , 5k ( Hg) (4t 5 GSB04-1729-
2004) ,4: (Au) (#5 GSB04-1715-2004 ) 150 % %}
PRV (1 000 mg-L™"), &6 (As), 1 (Ba), 4R
(Cd), 85 (Be) , &5 (Co), % (Cr) , % (Ga) ,H# (Cu),
B (Mn), B (Ni),# (Pb), % (Sn), 8 (Sb), &
(TL) B (Mg) , B8 (Sr) Bk (Ti) , 4L (V) ) Z L FE X}
HRYAWE (100 mg- L™, 4it5 GSB04-1767-2004) , £ #
(Ge) , 5 (Rh) By Z L E X FIE W (10 mg- L™ 4t 5
GSB04-2826-2011) , ¥ T H A {0 4 J& S L+ 41
FHA> A 0 oG5 JH S WA Fe, Be, 4l (Ce ), 4
(In), 8 (Li), Pb, Mg, i (U) I8 & X I8 % W
(1 pg L") F 26 E Perkin Elmer 23 7 ;65% fil§ iR
e g2t , W F 18 [ Merck 2AH] .

1.3 24k PR BB 2 b 2 B v R 2 K 2k v
BRI Qe N R IR
(potassium alum ) B{ 4% B B ( ammonium alum ) , $i A8
2015 AF R (e [ 24 30) KB I R R B
Je LA AR AL A BRI S A O AR AR . T A A
WL (FE & i 5 DKF1 ~ DKF1L) F1Eh & Ak 81 (FF b S
= DNF1 ~DNF7) , L3 1.

2 HFEEER

2.1 FESRI AT RGBT ST A R A
WL EEBHAUR W R 5 mm A2 Ay, BIE YA AT,
A 34,300 BT 30 min, OV 5 4 25 B B
RS T AR P RAE , 2 200 H 5, B AR AR

2.2 sE&METY ICP-OES TAES$k RF T
1.3 kW 25 4k A% Bk 0.55 L~ min "5 4l B < 3 &
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Table 1 Information of experimental samples
No. %5 7 it
1 DKFI1 WL D140828
2 DKF2 TR D150201
3 DKF3 7R D150227
4 DKF4 H L D150603
5 DKF5 WL D150804
6 DKF6 7R D150814
7 DKF7 g D150916
8 DKF8 TR D150921
9 DKF9 lITES D151021
10 DKF10 WiiL D080812
11 DKF11 DR D071001
12 DNF1 [k v D140401
13 DNF2 L D150501
14 DNF3 S D150901
15 DNF4 TR D151010
16 DNF5 - D151204
17 DNF6 - D151207
18 DNF7 - D07-02-140101

TE : DKF Al il s DNF g B2 W BFLA ] o T A7 45 i 249 Oy S o 22
A il

0.2 Lemin ™'y /A HI/M & 12 Lemin ™' 5 B¢ #2715
1.5 mL-min " ; ZE R B} ] 30 s; B4 YO8 15 0 i 5 50
B 1 2R 325 5 AL 43 Bk K 396. 153 nm; K 43 H7 % K
766. 490 nm;Fe 43 H7 i K 238. 204 nm,

ICP-MS ¥ & 2500 RF 1% 1 100 W, E LA

W 0.92 Lomin ', MBI E 1.2 Lomin ', 2
A 15 Lomin ™' RS B3 mLemin 7'
RAEHEFLAR 1.1 mm  #REUHEFLAR0. 9 mm , jHE SR HU4E
fLA2 1.0 mm, FUpAf[E] 1 s, SER B ] 40 s, 94 7 5K
RS k0 R B3, KA KED( NARITE Ge
74) ,Standard ( NFRJCZE Rh 103)
2.3 XHREWH % HICEK Hg, Fe, Al K Xf B
W) 7 RS2 O He, Fe, AL K X IR W08 B, H
2% HNO, 5 el 4 1 mL % Hg 0.05,0.1,0.5,1,
2,5 ng, ¥ Fe 0.025,0.05,0.1,0.5,1,5,10 pg, &
A1,K 0.05,0.1,0.5,1,5,10,50,100 pg [ £ 51 vk JiF
VW o

2 JCF N IR W 1 &« TRD i B 1 mL 3 4%
JC# 0.05,0.1,0.5,1,5,10,50,100 ng {2 41 e i
IREEMW . Ge,Rh il 5L 1 mL & 10 ng IR & N b5
VL
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2.4 PSR HN A BRI EE 0.2 g, K
FRsE A Au BOCE X FRE W (1 mg-L™')400 pl,
L 2% HNO, E 4 % 50 mL, #2757, BIA5% . fEk 5 i
W RE 5,10 4%, T ICP-OES i & Fe J Al,K JT
F R 2 A At ICP-MS 5 HoAth 19 Fh 5 £ A0 X 45
RBYICE o A i 4 25 FLE W (ORI Au B0 R 4
PR o
2.5 JriktEEEE
2.5.1 fFrdfEMigk  ARIEFFNCE ICP-MS,ICP-OES
W 773, B LA 22 Fh IS HLIT 2 AN [ v B A Xof iR
VW, ICP-MS LUK B IT 2R 43 Hr e i o2 {5 AR JT R
Z: U MR A A BB R P Ak B (YY), ICP-OES Il 7
Xof BT 2 43 A e e 17 A AR bR (Y, X BT R T
U B R R A AR (X)), 2 T AR 0 O 3R A oA it 2k, A5 [
U 75 i B e R B A5 R r 11 >0.999 3,
2.5.2 KEIUBR PN E R F 10 6 9 A8 RE
W, AR S TUPAC LI, UAE M LE (SN) = 3 AE g 4 i)
FE, 25 SRS M BR 4 0. 001 ~0.288 wg- L', fig i /2 i
M TEHLICER T K
2.5.3 AEH B R A AR S %
D 6 W, T A FFl JCE RSD, S5 R 2B, 4515
TCEKGEE RSD 7£0.5% ~8.3% , W# 2,
2.5.4 HmEMRE BAFER290.2 g, 3k 6 iy,
KB PR, R IE M, T & FF I T K RSD, 45
HW, FEEMR Be, Cu, Hg, Ti By RSD #K, 735l
J11.9% ,11.6% ,8.2% ,7.5% , Hofih & 13 I ¢ &
FEME RSD 7 0.7% ~5.4% , W#H 2,
2.5.5 FaErERAs  HUR A S, a0 T
0,0.5,1,2,3,5 h W& R LB, iHHE & TF TR
RSD, Z5RFE W], & & E K1Y Be, Hg, Sn 1Y RSD #
K0 R 14.7% ,12. 4% 1. 4% AT R 5 & s BARA
Ko HAAFFNITE RSD £ 0.3% ~4.2% , WK 2,
2.5.6  JMFEEICREE  BURTBLAE A 2 0.2 g,
WFRAE A 9 0y, 43 B I 45 J0 2 % BRI WRGE &t (TCP-
OES, Al K Jim A & 45 mg, Fe jil A& 7.5 mg; ICP-
MS,Hg Jin A & 25 ng, H A 4% JC K I A & 25,250,
1500 ng) , [] 3 il & L4 5 3 W0OF I 2, 11 55 45 1F
M IC R AIAEE R . 455 8, Bk Cd, Sn, Sb 4h,
A AFI IC F A AR [ ICR Y AR 80% ~ 120% . UL
#2,
2.6  FESHINGE  BOSRS LA O SR BRI S A TR,
[, 45 R L3R 3. Ml w s R KAl & &
B Y 4 3R 129 637.1,102 210.5 mg-kg ',
HUCH Fe ,Mg; i e RAEHL R Cr,Sr, Mn % 5 4L
4.

x2 HUTENBTE.ESM.GEME DK ERE
Table 2 Results of precision, repeatability, stability and recovery

rate of elements to be measured

RSD/% TR |3/ %

TLHR

wEE RN RUEN ONE ik R
Al 1.6 2.2 2.7 106. 27
K 0.6 0.7 0.7 103. 59
Fe 2.0 2.9 2.8 110. 90
Be 8.3 11.9 14.7 100.95 103.00 106.27
Mg 1.9 5.2 4.2 104.61 103.73 100. 21
Ti 4.1 7.5 4.1 105.78  111.52 113.71
v 0.9 1.8 1.9 112.51 112.98 115.25
Cr 1.9 2.2 1.7 114.94  110.36 110.30
Mn 3.0 2.4 2.3 109.65 106.49 108.12
Co 0.8 0.4 0.3 107.16  104.30 107.56
Ni 3.4 4.5 3.1 104.71  101.44 104.54
Cu 6.4 11.6 3.5 97.61 93.64  96.97
Ga 3.1 2.0 2.6 100.65 101.89 104.85
As 1.3 4.9 1.2 111.75  113.82 114.94
Sr 2.8 5.4 2.3 97.58 103.93 107.77
Cd - - - 124.73  121.25 120.65
Sn 3.6 4.5 7.4 136.60  137.37 136.77
Sh - - - 139.67 140.75 139.42
Ba 1.6 3.7 1.7 89.91 93.20  93.70
Hg 3.9 8.2 12. 4 82.34
Tl 0.5 0.9 0.8 92. 41 91.35 90. 74
Pb 0.8 1.8 0.6 97.59 91.72 91. 89

=T RAG

AL, oAb 2 R S B AR T 1. 000 mg-kg T, £
AL R R ICR Al Fe S, EHE SN A
109 861.0,3 346.3 mg-kg ', Hk K K, Mg; i it o0
2 Mn, Ti, Ga & & & &, 4 9 ik 3] 40. 104,
30.936,12. 713 mg-kg ™', HYk & Cr,Sr, V., MHE 4
J& 5 A E IR AT A ALAL O S A LR Cu, A,
Pb ) F- 24 J5i it 43 B4 K F 1000 mg-kg ™', Hg, Cd
(¥ 57 249 J5t d 43 B IR T 0. 010 mg-kg ™', F40 BF i ok
Kith Cd,

2.7 EAEHHT RHISPSS 16.0 #4743 2RI 5T,
SR VLIE 1, S DKEL ~ DKF1L(RTERLA ) 3o — 28,
FEdh DNF1 ~ DNF7 (fh b Al LA ) 5B b —28 3R 26
R T4 TTHLT R M & mAFE BRI 22 5

2.8 AL ARSI 2E SRR ALOC R R R
SIMCA-P 13. 0 {453 B 4% 18 Ak 1L L P8 it Ak 81
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Table 3 Contents of inorganic elements in calcined Alumen and its counterfeits mg-kg ™'

#e WRILHR TR
Al K Fe Mg Be Ti \Y Cr Mn Co Ni
DKF1 103 691.5 130 104.7 148.3 5.791 0.002 0.599 0.533 8.756 1.285 0.046 0.071
DKF2 106 195.4 154 133.9 109.7 9.255 0.005 0.754 0.608 7.816 1.610 0.074 0.105
DKEF3 105 272.9 132 391.3 94.8 7.868 0.002 0.777 0.543 8.009 1.003 0.050 0.070
DKF4 103 707.3 131 029.3 103.0 6.484 0.002 0.449 0.478 7.574 0.916 0.049 0.074
DKF5 105 093.9 129 836.0 93.0 4.507 0.002 0.634 0.288 9.759 0.596 0.043 0.061
DKF6 104 857.7 131 517.5 92.0 4.336 0.001 0.532 0.338 8.951 0.714 0.045 0.072
DKF7 98 129.5 120 967. 1 138.0 8.809 0.002 1.465 0.590 8.194 1.322 0.054 0.069
DKF8 98 001.8 124 163.1 115.0 4.611 0.002 0.530 0.314 8.856 0.839 0.046 0.066
DKF9 97 955.1 121 718.1 102.7 6.298 0.001 0.769 0.329 9.545 0.757 0.044 0.059
DKF10 100 926.0 125 349.9 89.2 14.977 0.007 0.503 0.896 6.868 1.858 0.084 0.173
DKF11 100 484.8 124 797.7 28.6 7.303 0.002 0.290 0.628 5.310 0.691 0.046 0.086
DNF1 114 840.3 1010.7 3489.0 87.730 0.077 26.857 4.415 10.223 23.632 0.486 0.924
DNF2 113 313.6 360.1 3 486.3 121.068 0.069 46.726 3.020 5.725 36.313 1.035 2.403
DNF3 112 280.0 519.3  2373.7 69.677 0.057 22.223 2.775 8.100 36.944 0.592 1.057
DNF4 107 429.0 404.2 1868.6 57.445 0.062 38.746 2.286 6.471 78.196 0.753 1.553
- M ITR AR A LR
Ga Sr Sn Sh Ba Tl Cu As Cd Hg Pb
DKF1 1.163 1.735 0.049 0.037 0.677 0.178 0.184 0.109 - 0.005 0.283
DKF2 0.384 11.394 0.034 0.036 1.149 0.183 0.096 0.136 0.002 0.005 0.256
DKF3 0.363 8.879 0.029 0.034 0.866 0.181 0.279 0.127 - 0.005 0.238
DKF4 0.502 7.405 0.029 0.034 1.198 0.184 0.080 0.105 - 0.004 0.245
DKF5 0.369 1.570 0.027 0.035 0.478 0.192 0.210 0.130 - 0.005 0.236
DKF6 0.377 2.171 0.029 0.031 0.638 0.190 0.335 0.132 - 0.004 0.217
DKF7 0.505 8.268 0.031 0.032 1.013 0.187 0.216 0.220 0.002 0.005 0.267
DKF8 0.416 2.955 0.027 0.029 0.639 0.190 0.141 0.128 - 0.004 0.228
DKF9 0.415 3.097 0.038 0.029 0.642 0.190 0.107 0.134 - 0.004 0.230
DKF10 0.494 23.655 0.022 0.03 1.255 0.220 0.327 0.134 0.003 0.004 0.362
DKF11 0.153 2.363 0.026 0.028 0.707 0.157 0.290 0.094 0.004 0.004 0.259
DNF1 13.545 1.379 0.117 0.036 1.017 0.136 0.930 0.552 0.002 0.007 0.340
DNF2 9.358 7.058 0.121 0.029 1.227 0.125 1.864 0.620 - 0. 006 0.389
DNF3 12.472 7.576 0.102 0.031 1.083 0.130 0.882 1.061 0.006 0.005 1.106
DNF4 9.625 7.603 0.121 0.026 1.149 0.128 0.937 1.999 0.002 0.005 0.343
TE: =" RARK

FEdh By PCA i f o 161, WA 20 5 R 2870 Hr iy 4
R—F, 18 AR g 2 A DI, R L A X
1 -3.3 <PCl Score < —2.5, —3.1 < PC2 Score <
1.8, B i K AL 4> A IX 8k 3.3 < PCL Score <
5.9, -2.1<PC2 Score <2.3,

B 3 Ol 4% LR o3 A 00 84 ] B R LA O

P ZEAE M TR 2 R 6 0. SRIW « K g B AN

K696 %k 22 S JC LT R PEAT B Ao b, L0 2 Y 18

i HA R FEME 2R (P <0.05) BILER, 705

Be,Mg, Al,K,Ti, V, Mn, Fe, Co, Ni, Cu, Ga, As, Sn,

Sb,Hg,Tl,Pb,

2.9 THLCEFHERG AT I 45 2R
© 5.

Bis

h
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Fig.2 PCA score diagram of calcined Alumen and its counterfeits
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Fig.3 PCA load diagram of calcined Alumen and its counterfeits
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FRIICER ALK Fl Fe 5 5 H04 23 51 46 /v 1 000 4 A0
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PR 100 5, HAAEAREL logl0 BYIE KR o 5 11 4it
DA BRUAE Ay, 7 StE OO il A BLAE & 25 B LT R 1
SRR A M 2 o AR P, WE 4,5, fER] 3
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Fig. 5 Characteristic maps of inorganic elements in calcined

Alumen ( DKF) and its counterfeits ( DNF)
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