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BiE42BTLELS, FAKTFTHM T ST ERM RN, Fik: 1) HEH & ICP-AES M & % A 4f 5
AELS, B L P AEAS TR G RS A E GG £ 2GRS PHEERN B 3 LEARRER,
Ak TR R R & B AEIATAE, 2) Hoeten]: £ XRF AR E &4 T, AFIBR4E A E R, F) B & 25 B ATAE
EIAFEWL, R A Z A ORI AT R E; XRF M2 RE) F ey AP BT E4%, 3) Fklhit:
XRF M Z 25 % 5 ICP-AES £ R#AT 1 000, 3+ 2 Ab 7 FME LR R G HEREMZ 7. &R XRF 694 R
FE 0.17~243 pg- g Z 05 3FF — R By KA, EARR 69 E 3500k T 2 M 7 K, A L& e ARxTAR 1R £
(RSD%)i’J'J %40% ¢ #rBh 25 R & 9 XRF M2 25 R 55 ICP-AES M 2 #5 R (A K B F W £ 7, 4518 XRF i
BT A AT AR AR S Rk R EAER TP S UER A
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Rapid determination of metal elements in Fangfeng by X-ray
fluorescence spectrometry*
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Abstract Objective: To determine the content of Mg, Ti, V, Cr, Mn, Co, Ni, Cu, Zn, As, Ba, Pb
and Bi rapidly in Fangfeng, a kind of Traditional Chinese Medicine by X-ray fluorescence spectrometry
( XRF )so as to establish an XRF method for the rapid determination of multi—element in large amount
of Traditional Chinese Medicine. Method: The samples with low concentration of metal elements were
selected as blank samples. Metric multi—element standard solution was added in the blank samples
and freeze—dried to make TCM analog standard samples. The samples were edged with boric acid.

Under the optimal conditions, the standard curves were established with TCM analog standard samples.
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Besides, the experience coefficient method ( EC ) was used for matrix adjustment. Finally, the new established

standard curves were used to determine metal elements in Fangfeng from different origins. The data was compared

with the results from ICP-AES by ¢ test to assess whether there was significant difference between XRF and

ICP-AES. Result: The detection limit of XRF was 0.17-243 wg* g and its RSD ( n=7 ) was found to be less
than 4.0%. The accuracy of XRF was not significantly different comparable to that of the ICP-AES by ¢ test.

Conclusion: Compared with other methods, XRF is simple, rapid, high efficient and is without preparation. So

rapid content determination of metal elements in Traditional Chinese Medicine can be achieved by XRF.

Keywords: X-ray fluorescence ( XRF ) ; Fangfeng; metal elements; rapid determination; inductively coupled

plasma—atomic emission spectrometry ( ICP-AES )

Bl R 7= T 2RV DU S AR, A A
KW, R EA —E BIPA S P R S B
JiE | JE K U5 1 S 1) A MR B H
A, 238 0 2 B K & JB T R B Jr A A ICP-
AES . ICP-MS. AAS . FAAS, 752 3% %3 % F da Jik
A 5 B IR R F & SOtk 7L (ICP-AES ) Il 22 A
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Tab.1 The instrument parameters

. 4t e L%
Tk it MREE e o R g TR e
(‘element ) (‘analytical line ) ( collimator )/ (filter ) (tube Cpipe flow ) (time ) /s (count rate: ) ( vacuum ) /s
mm voltage ) /kV RA cps x 10
Mg K, 8 1 10 400 100 2~3 30
Ti K, 8 3 40 130 100 2~3 0
A K, 8 3 40 130 100 2~3 0
Cr K, 8 3 40 130 100 2~3 0
Mn K, 8 3 40 130 100 2~3 0
Co K, 8 3 40 130 100 2~3 0
Ni K, 8 3 40 130 100 2~3 0
Cu K, 8 3 40 130 100 2~3 0
Zn K, 8 3 40 130 100 2~3 0
As K, 8 3 40 130 100 2~3 0
Ba L, 8 3 40 130 100 2~3 0
Pb Ly 8 3 40 130 100 2~3 0
Bi L, 8 3 40 130 100 2~3 0
1.3 FEmh PRUEMIZe, AR SE50 1 S ik ICP-AES W 5 77 I B X

K 2% PR ELE 200 H 0 5 09 T8 B KURE 5 R 2R
4.00 g B AL E Bl F- 2R 10, A 5 PRI
2 ¥y 7R 10.0 g, ¥4 5] FLIAE & DU JE A1 2w, 78 30
MPa JEJJF A 30 s FEMST BE48 A T84
R
2ERE5HR
2.1 EHUARES A

R S B 2R, U R B 22 5 R, XRE
SE 1 FE B PRI MEAE T BR/535 1 2R it T ST

LR R, RS A R, A TR T BN
LU PG 7 IXURE VS LR R i, o 28 R o . L
PR SR e DALl B XUk S, o SRS 25 AT
() 2 0 R bR IE VS TR, ¥ R T M 0 i 48 13 S B AU bR
W TR AR . R TR R B R
50 mlL BBRHAE HAE B AGHE R ZCEFMERTR . Pb
TCRBREGROR 4.00 g B5 KBRS, AR S AU ABAEK,
TREI5], T8 48 b B BRI BR FEVR BF S 1
A), IRREENE R . IR A TTR SR AR 2

F2 PHEMRERETESE(ng-g')
Tab.2 The content of each element in TCM analog standard
okl Mg Ti Vv Cr Mn Co Ni Cu Zn As Ba Pb Bi
(No.)
0 1510.7 12.4 1.3 5.6 42.0 0.06 3.1 12.0 46.3 0.9 72.3 1.1 0.0
1 1511.2 129 1.8 6.1 42.5 0.56 3.6 12.5 46.8 1.4 72.8 1.6 0.5
2 1511.7 13.4 2.3 6.6 43.0 1.06 4.1 13.0 47.3 1.9 73.3 2.1 1.0
3 1512.7 14.4 33 7.6 44.0 2.06 5.1 14.0 48.3 29 74.3 3.1 2.0
4 1513.7 154 43 8.6 45.0 3.06 6.1 15.0 49.3 3.9 75.3 4.1 3.0
5 1514.7 16.4 5.3 9.6 46.0 4.06 7.1 16.0 50.3 4.9 76.3 5.1 4.0
6 1515.7 17.4 6.3 10.6 47.0 5.06 8.1 17.0 51.3 5.9 77.3 6.1 5.0
7 1520.7 224 11.3 15.6 52.0 10.06 13.1 22.0 56.3 10.9 82.3 11.1 10.0
8 15257 274 16.3 20.6 57.0 15.06 18.1 27.0 61.3 15.9 87.3 16.1 15.0
9 1530.7 32.4 21.3 25.6 62.0 20.06 23.1 32.0 66.3 20.9 92.3 21.1 20.0
10 1535.7 37.4 26.3 30.6 67.0 25.06 28.1 37.0 71.3 259 97.3 26.1 25.0
11 1550.7 52.4 41.3 45.6 82.0 40.06 43.1 52.0 86.3 40.9 112.3 41.1 40.0
12 1 560.7 62.4 51.3 55.6 92.0 50.06 53.1 62.0 96.3 50.9 122.3 51.1 50.0
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2.2 JEARLE

R Ry 2 5 1A 2 1] 05 R o RS A 5 TR 7
SRR AT BEAF A — 2 W22 5%, D LGl 22 I AL A 7
FEAALIE

A 42 50 ok ] 28 3 & 801 (empirical coefficient
method, EC ) #EA7 R IE ) S0 R E0% 2
— M5 AN A BL Y 22 TR I il i B 7
ESRASTC AR AW SR 800, 1) 22 S 52 R U , 70
TR ity AT ARG AR FH SR AT ) R B0 Fp il oo 3R %
BETRARAY L 0 S N A IE A
ORISR (THECR ) B IERE P

200 R BOE N K W=D & W 2, B4 (1+ X
OLijIj )[ 18]

O, W R TRINTC R & 5 D R 2 AR
W5 W, A THEOCR THECR; B 9 fril oo R A HE
LR L N T TR THECR s 1 o THT R BT AR
sy SR E SRR B T s n WA TE Z OB
Fls i A 2 ml A Rl e R FI3EAF e R
2.3 bR

SR FHTER XU oS B AT B9 Z2 0 SRR
TBORT Ph JUERBRMEIRH w6 T 25 BURAE , LU & i
(nge g ) NREADR, JOLHR AR FRER LR,
HEATINE o ATCRABREIZR AL 3.
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Tab.3 The standard curves of elements

JLHR Il )75 7

RZ
(element ) (_curve equation )
Mg Y=7.119X+1 285 0.995 4
Ti Y=62.751X-1 003 0.926 1
v Y=18.178X-198.6 0.991 8
Cr Y=16.878X-19.14 0.990 1
Mn Y=17.765X-353.8 0.964 3
Co Y=5.235X-172.8 0.9917
Ni Y=2.393X-66.64 0.9959
Cu Y=1.937X-100.9 0.9949
Zn Y=5.980X-289.4 0.990 6
As Y=1.266 1X+0.34 0.998 9
Ba Y=3.871X+10.36 0.993 2
Pb Y=0.462X-5.85 0.999 1
Bi Y=1.241X-20.05 0.998 9

T TCZEARAE TR T LAY R 5 X G2 10 e
Filo MR LI Y A G AR I U BIARIE
M2k R® 57 0.99 UL (Ti A1 Mn BN ), FHIRE S
HFILR ST ES X FLRICHR LM R R A, b
2R AT LA A0 o 235 SR A R L T AR

2.4 JrERR R

X SRS LR BRI E 7 A R 7
A SRR BRI AF B0, R LA 2 Fhor il o 7
AR
241 PrifEfZEYE S ITR SRR E A
PARUED) BT GBW 10012 #4712 Yl € , i+ 50 R 4
BT 2 135 04 8 B2 A B 1Bl 2 (.S, LA 3S BT X I 1) 5 2
N TCE TR PR,
242 FHFEEME OB AEGER AR SRR
GBW10012, #% th 24 b5 il i Ze M AF , % T X534t
R (€)' >,

3
C= mdi

K € TCRR IR, pg- o5 1 2 A1
AITHE m A AR AR s ¢ il ] s

2RO N AR AR R DL 40 SR A
EERATLIE L AN F TR RS ) BRYE E7E 0.17~274
wg * g Z A, 2 Bl BR 447 i ) 235 SR AR — 2

R4 HEMKRHR(ug-g')
Tab.4 The detection limit

. i fi 2 1% 25 FARE b

PFEN i,
('standard deviation (' blank sample
(element )
method ) method )

Mg 243 274

Ti 7.41 7.68

A% 1.77 1.95

Cr 1.23 1.53

Mn 2.81 3.21

Co 0.68 0.76

Ni 0.58 0.70

Cu 0.84 0.95

Zn 1.92 2.15

As 0.71 1.38

Ba 8.84 8.62

Pb 1.61 1.93

Bi 0.17 0.45

2.5 ENKEE

FEiR 0 Ty 6 Bl KRR ST 7 Wk T R
(1) RSD, PR ik ik 2 i, 45 R W3R 5. N B 3RmT L
A TR TR AN ARE2E (RSD% ) $4/NT 4.0%,
FINZ RN B R, D 25 SRR, T4
2.6 FEAAT

FE R Ty X AN TR 7= b 1) Bl RURE b A 70 2R
B, 45505 ICP-AES 45 IR, 45 R L% 6. M
AT LIE ), ICP-AES Fl EDXRF 9 78 25 FHEEA
— 30, ¢ KR — A BRI T R i
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Tab.5 Results of precision Sk n,+n,
. A Kb, 7,500 2 MEATEIMH.
( element ) (av(erage szllu)e )/ RSD/% 2!—‘93 3/‘:‘!.\ EP ) Sl E/‘J E EE Eﬁ=7—1=6, Sz E"J Q EE E
pg g N \
F=T-1=6, 3 Tl WAL LY ¢ K g R L3k 7,

Mg 1507.28 032 N ‘

o 1501 iy £7 FREFHBRES RBER

v 6.95 23 Tab.7 The results of 7— test

Cr 13.93 3.5 — —

Mn 36.04 21 IvE- ba | LR e

Co 131 35 (‘element ) ( Hebei ) (Anhui ) ( Inner Mongolia )

Ni 4.29 3.6 Mg 1.79 2.18 2.37

Cu 12.06 3.5 Cr 1.94 2.15 0.80

Zn 44.84 3.8 Mn 0.22 2.21 0.59

As 1.99 3.1 Co 2.33 1.61 2.38

Ba 79.52 3.9 Ni 1.28 234 0.04

Fb 1.03 3.7 Cu 113 0.19 2.39

Bi 0.40 24 Zn 2.38 0.32 0.76

N - P v . P As 0.99 2.37 2.03

?n%lﬁ/ﬂ%#‘f’i"o Hﬁ?ﬁﬁﬂﬂ#nn* Co E% ﬁ Ejﬁﬂiﬁ’ Ba 1.76 227 1.95
i T EDXRF 1 & 1 B 0.68 pg-¢™', BF L EDXRF Ph 2.33 0.17 1.28
ToEA I H A SR AR H BR A9 ICP-AES ¥5 517 Bi 1.64 128 0.82

M A S RAR AAS %
#6 HRERTEZE(ug-g')

Tab. 6 The element content of Fangfeng samples

. Ak G M5
JLHE : . .
( Hebei ) ( Anhui ) ( Inner Mongo]la)
(‘element )
ICP-AES EDXRF ICP-AES EDXRF ICP-AES EDXRF
Mg 1408 1492 1493 1503 1495 1500
Cr 5.96 5.76 7.78 7.86 5.76 5.67
Mn 21.64 22.13 30.84 31.59 42.10 40.38
Co 0.27 0.00 0.28 0.00 0.07 0.00
Ni 1.20 1.51 2.71 2.80 2.62 2.71
Cu 18.04 18.86 23.42 23.61 13.32 13.04
7Zn 39.23 38.81 28.18 27.68 47.15 46.46
As 1.98 2.04 1.21 1.14 2.09 2.15
Ba 39.73 39.20 65.13 65.71 80.12 80.66
Pb 1.23 1.15 0.98 0.92 1.28 1.21
Bi 0.22 0.28 0.32 0.00 0.45 0.40

1 T FI K ICP-AES F1 EDXRF W 5 45 5 & 5 17
TSR 22 5, W 25 AT K5 e, A )
TE WA T A M OTR SRR g R 22 S
S2 RGO IR R 22 Sy :

J (n=1) §* + (ny1) S

n+n,—2

R=

A, ny, ngy 2090000 2 i 5k A TR
e, RS R AT
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2447, WV 1<ty op5.6, RIIG, BEAS S, 55 S, W ¥ T I 3%
P25 aT LA ICP-AES F1 EDXRF #1752 (1)1
EGR—E,

DA 125 SR« X6k TR0 A 37 IRURE i, X Bk
Stk (XREF ) I 285 50 5 r g & 55 B8 AR 1
R (ICP-AES ) 5 25 5 — 2, B XRF
TELERAERG, PTEE, 4516 XRF 0] ISCBL AP 258 5y
2T 2 R A P I A
3 #iF

AR S B Ao ] A AR 2 A S T R
FEHEAT ARG IE  AF LM 06 R RAF IR HEIT 2, T
P s 2 (PR i B T R . IAh, iE
Xt XRF 47T T k#5000, « K30 XRF 5 ICP-
AES 7 25 R I8 T0 b 351k 22 5, AT XRE 5@ 45
SMERR, T HE, XRF Jo 7 %P AR RE 5 4T 52 4% 1Y B
b PR HEAE AT B W0 DR 8, A T L ER S R
TR, BAIG , X4 E T BRI 3 F
2410 202 [ E |, Wl R TR

S0k
(1] ERAEFH L RIS P A 25 B R e [T 1.
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