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R AR - BB A S TR ( ICP-MS )
WEHEREHBPEETRNKER

WIRE KD, I, ETD
(VL2 R RIS TP 20160 5 B9 B BT BE TR ARG, P ) 330029)

BWE BH. & 2n 28 8Es P4 (Cr). 4 (Mn). 2k (Fe). 45 (Co ). 2 (Ni) 48 (Cu ). #F (As ). 4% (Ag).
45 (Cd) A (Sh). AN (Ba). R (Hg) 42 (T1). 45 (Pb) 14 NMNAEAELETN 7k, Fik: RABELN B -
USSR TIRRIEE, HRDEAH 1530 W, AHRBEA 4 CABEAARAL, BAAIA, BAUAE
A 1.08 Lemin' , Ro 8184 03s, 58 FAATH 15 L min', @BAFALT EH 3.04 X 1074Pa SRARAE 3L
24 1.0 mm, BIA4EILZEA 0.4 mm, HIEREE T REA 3 K, EE: Mn. Ni ’7 Cu TEAMEETEE A
0~500 ng* mL™", Fe 7T % # M &M 78 B 4 0~10 000 ng * mL™", Hg 7T % #0) & M 78 B A 0~10 ng * mL_l, _:
AT FE KM RSB A 0~100 ng - mL™, r 35 = 0.999 0; &0 T FE A 0.004~0.7 ng - mL™'; 5 5 B89
RSD<2%, & 51 45 RSD<8%; & 7% -F ¥ A vk £ % 95.4%~109.8% ( RSD<4%, n=9 ), £5i8: & 7 k4
Ml B, RAEF , B AREST E R T RSB RAL 2 PR A AR AT,

IR W b RAR S B TR (ICP-MS ); ok M AELE; REXA

FESES:RI17 XERERIRAD: A NERS: 0254-1793 (2019 ) 03-0477-07
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Determination of harmful elements in lumbrokinase by microwave
digestion—inductively coupled plasma mass spectrometry

ZHONG Zhen—hua, CHEN Zhen—zhen, WANG Peng, CHENG Qi—zhen**

( Jiangxi Institute for Drug Control, Jiangxi Provincial Engineering Research Center for

Drug and Medical Device Quality, Nanchang 330029, China )

Abstract Objective: To establish a determination method of Cr, Mn, Fe, Co, Ni, Cu, As, Ag, Cd, Sh, Ba,
Hg, Tl and Pb in lumbrokinase. Methods: Microwave digestion—inductively coupled plasma mass spectrometry
( MD-ICPMS ) was adopted. RF power was 1 530 W, cooling temperature was 4 °C, collision gas was He gas, the
flow rate of the carrier gas (argon gas )was 1.08 L+ min™', integration time was 0.3 s, plasma gas flow rate was
15 L+ min™', the vacuum degree of quadrupole was 3.04 x 10~ Pa, sampling cone aperture was 1.0 mm, interception

cone aperture was 0.4 mm, and the data collection was repeated 3 times. Results: The linear ranges of Mn, Ni and
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Cu were 0-500 ng - mL™" (r = 0.999 0 ), the linear range of Fe was 0—~10 000 ng * mL"", the linear range of Hg was
0-10 ng* mL™" and the linear ranges of other elements were 0-100 ng* mL™' (r = 0.999 0 ). RSDs of precision

tests were lower than 2.0% and RSDs of reproducibility tests were lower than 8.0%. Average recoveries were

95.4%-109.8% ( RSD<4%, n=9 ). Conclusion: With good linear relationship, sensitivity and accuracy, the

method is suitable for detection of harmful elements in lumbrokinase.

Keywords: lumbrokinase ; inductively coupled plasma mass spectrometry ; microwave digestion ; harmful elements ;

quality and safety

W5 18 ( lumbrokinase ) & M T 35 B 4k T %
Jik g5 vh o3 S a4k R i 2R Il (R SR 1 ), e TR
PR W8 I (R 21 4 B 1 LR A LA SR 41
T SRS R T, I A S A . IS A
P24, I PR b 322 P e i e i 355 (2 v i £
Y2 1 ORI/ MR B A R IR AR, 1992 4F, WA
e B, B, ENER 5 gm0 R
KT A= Ao, 25 LA - Bk 451 kg S A e, 4
TREEI B0, LI MR L B B 241 4k 22 25 ¥ 2 pr 4
e

SCHRA 156 A B, AN [R] R A F 6 3R 0 s R e 1
AN TRV BE A 20, 4y (Ph ) A (Cu ) TGRSV
S B TS L R T R DL AR R
fife, ZNHE SRR R4S &, TE B WA A Yo AR
T a5, e a b AR, ™ 3 A A
43T R A LE 5 B AR BRI A 0 W I 5
L AT F TR WER B I, R UG Y B
HEERA T EENE L,

A SCR FH R - R G S AT B TR
W (ICP-MS ) 32107 e <7 0 5 W13 vP 4% ( Cr ) B
(Mn). 2 (Fe) &4 (Co) B (Ni), i (Cu) i (As),
HCAg), #(Cd), 8(Sb), M (Ba), K (Hg). %
(T1). 85 (Pb) 45 14 DM FITR & R J5 2, DU
ALYl et e
1 URERE
1.1 {4

CEM MARS-xpress i 14 f# { ( CEM A 7] ) ;
Agilent 7700X HLJEHE & 45 12 1R BT (L2 HER )
F A BRAF] ) ; Synergguvmillipore # 2 7K il K AL ( 25
PRI EA R A A ) 5 HEE GST25-20A BEFRIN ( it
T =R A IR A D,
1.2 30 S B

i % ( Fluka, it 5 BCBPO68OV ). # £li /K ( H it

AL Ha i

Al K HLHIAS ), PIARXT BRI ( [CP-MS Internal
Std Mix, & Bi.Ge.In.Rh.Sc ZFNFrIC &K, JFifm i &
100 pg - mL™ ZHEER R AR A BRA ) ).

TRAXT BEAREATR (£47 Pb. As.Cd. Cr,Cu, Ag Mn,
Tl.Ba.Co.Ni.Sh #ICEK, I E A 10pg - ml; Fe 0
RIURHIER 1000 pg - mL™, ZHHERHEARAH ) ;
Hg HICEPRER I (TR 1000 pg - mL, 1T
BRFEIFIERE ),

1.3 HEAMER

Tl 5 i JEORE 24 3 10 it U (HE 4 1405, 1406
1407, 1409 . 1506 . 1507 . 1508, 1510, 1610 1611 ), ¥
FH A 2N Al HR AL w05 8% 3% ek 5 4 1L, ¥ R Rl —H
H1, A e ] 55 57 b B AT LA 4 R 5 43 1+
BEREAS, HHEREARBA TS, 105 CT 4, il il 2000
S (5505, 80 H ), BIfS. 252l h +15 1~4,
2 AEE54ER
2.1 A
2.1.1 ICP-MS %4 SPHi)=e. 1 530 W IR AR - 4
C 5 B 20 30 U B : 108 Lo min™';
FRAPIHA] : 0.3 s5 ZE B 7S : 15 L min™ 5 PUBRAT
B4 3.04 x 107 Pa; SRAEEHEFLAR : 1.0 mm; SR EEHE
FLA%E: 0.4 mmy; $di R AR 5 2 WA 3 W A RLEE
33.8°C ; R 415 C,

2.1.2 MY TEMADIE 1600 W, 30 min
W ZERHEZE 160 °C,AAEF 5 min, LA 5 C - min™
THEZE 190 °C ,144F 45 min,

22 E

5 I 36 B [R] 437 2 4 2Cr . PMn  *Fe . *Co
60Ni . 63Cu R 75As R 107Ag\ lllCd R IZISb R 137Ba . 2021_1g . 205T1 R
*%ph, H 1 PCr. PMn. °Fe L PSc /E M N i, PCo.
ONi,®Cu."As VL PGe 1FE N H5, '""Ag LI 'CRh /E N
[j‘]*/_ﬁ, lllCd\ l2le\ 137Ba u llSIn ﬁfiﬂlj\]*/ﬁ, ZOZHg\ ZOSTI\
Ph DL PUBi RN IBR . AR PIAREERR A TR R 5
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Hrid R R AR 24 A BRI UK (U AR A A
HAZR IR SR BB AT INE , DL {E D A
b, WRBE AR il Rt 20 2 e R AR B RE
AR UARAKE SRR, D SE , PR 26 1715
FHAHBL BRI o TERIRE R 0BT A5 4F T A 728 sl
PEATZS HALIE

2.3 FIRIIH
230 RESWRRER (1 pg-mL) R EIRNAR

X B SR 1 mL, B 100 mL B, FH 2% SR A
BEEZIE 425, W1,

232 Hg ICRPMEMABR (10 pg-mL™") K%
W Hg BATCEFRUER M (1000 pg» mL™" ) 1 mL, & 100

mL S 2% SRRSO R 205 B 5), AR
233 RAXTHRESE RS HUR G AR I
10 mL, # 100 mL &) o, K %5 1A Hg 500 & br ifE
fi% 45 W (10ug - mL™ ) 1 mL, FH 2% fil§ R 1 W 7 B¢ &2
ZBE 415), RIASHE A 0T HEAE 2 U (Fe JUZ T HLIR I
1 100pg - mL™', Hg JC % 5 & ¥ £ O 100 ng - mL,
HAMFMITR R REWEN 1 ng-mL"), K% = H0,
0.05.0.25.0.5.1.0,2.0.3.0.4.0.5.0.10.0,25.0 mL,
53 5B 50 mL ¥R} R, 2% G R v VR RE &
Z0 8 FE5), BIAS RGNV EE (T IL 2R 1) MTR & X 1]
EaSl| 38

x1 RAXNBRRKE
Tab.1 Concentration of mixed reference solution
I S C/(ng-ml™")

(element ) C, (o C, C, Cs Cs c, Cy C, Cy C,
Cr 0 1 5 10 20 40 60 80 100 / /
Mn 0 1 5 10 20 40 60 80 100 200 /
Fe 0 100 500 1 000 2 000 4000 6 000 8 000 10 000 / /
Co 0 1 5 10 20 40 60 80 100 / /
Ni 0 1 5 10 20 40 60 80 100 200 500
Cu 0 1 5 10 20 40 60 80 100 200 500
As 0 1 5 10 20 40 60 80 100 / /
Ag 0 1 5 10 20 40 60 80 100 / /
Cd 0 1 5 10 20 40 60 80 100 / /
Sh 0 1 5 10 20 40 60 80 100 / /
Ba 0 1 5 10 20 40 60 80 100 / /
Hg 0 0.1 0.5 1.0 2.0 4.0 6.0 8.0 10.0 / /
Tl 0 1 5 10 20 40 60 80 100 / /
Pb 0 1 5 10 20 40 60 80 100 / /

234 ISR SIS R B PR B AE & 0.5
g, B E R RE D RS2 ARSI 8 mL, 100 °C R
AR AR 1 h, S TS, B S ANE BT R T A
A, Fe 2,17 TR S T R T R AT A 0%
110 CHAFFRAL P B KR ORI gk S5 K
HIR 2 FE 2 0.5 mL, 0%, KRS 2 25 mL 3K}
TR B2 PR, RIS, TRl ke s
VSR, X M VRS A VA TR AR S RS T

23,5 MW SE LR SA TR ORS B PR IO 4] 3
FHERESL 0.1 g, BRI S AEFE T RS2 I AGEAR 8 mL
KA FIR 0.5 ml, 100 CHBRACH M 1 h, F000
i, I BAME B TR A e 2.7 BT Rk
YA TR , Y8, 110 IR B4TAx
OZR SR RS R IR EREH 2 0.5 mL, R,
FH/KE: R 28 100 mL SR MBE R 21, 3250 N
B 25 mL, & 50 mL YRHEI T, FH 2% fHIRIA TR

AR R

S
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s B 2 20 )%, #5250 ,/E N Cr. Co Ni. Cu.As. Ag. Cd,
Sh.Hg. Tl Pb JG 2 M 5 A b 1 W5 4 26 T B 5 mL,
2 25 mL YRLE I, 2% RH RV R B 2,
B2, NE N Mn . Fe, Ba SR M & FE AW, R 6]
BRI 2SR IR, T e ] 1% 7 A R A RS
MEIE o

24 LML FRFE

BORA AR S5 IR A 0 R, 4% “2.17 B
ICP-MS £5 14 [R1 s AR I 22 , 1 SR A2 e 2 4L ( CPS ),
PITR A X BA 5 T e (X, ng - mL™" ) SRS ARBR,
AES I AR (Y ) S AR A TE P R, [T 5
LM R LR 2,

F2 EEAFRE.EECESKRITR

Tab.2 Regression equations, linear ranges and detection limits

JLE (element ) 2 )72 (linear equation )

LT S FFR (LOD )/

r

(T

(linear range )/ (ng* mL™") (ng-mL™")

Cr Y=3.808 x 107°X-3.272 x 107 0.999 8 0~100 0.2
Mn Y=1.097 x 10°X-1.717 x 107 0.999 9 0~500 0.4
Fe Y=2.728 x 107°X-7.021 x 10~ 0.999 8 0~10 000 0.7
Co Y=7.764 x 10°X-6.431 x 107 0.999 8 0~100 0.008
Ni Y=2.091 x 107°X-2.322x 107 0.999 7 0~500 0.4
Cu Y=6.052 x 107°X-4.888 x 107 0.999 4 0~500 0.1
As Y=7.012 x 10°X-2.721 x 10 0.999 8 0~500 0.08
Ag Y=3.338 x 10°X-1.710 x 10 0.999 9 0~100 0.01
cd Y=5.180 x 10*X+2.911 x 10°° 0.999 9 0~100 0.02
Sh Y=1.902 x 10°X-5.351 x 107 0.999 9 0~100 0.2
Ba Y=3.625 x 107*X+1.759 x 107 0.999 7 0~100 0.4
Hg Y=1.086 x 10°X-1.517 x 107 0.999 1 0~100 0.06
Tl Y=6.377 x 10~°X-6.645 x 10 0.999 9 0~100 0.004
Pb Y=3.851 x 10°X+3.307 x 107 0.999 6 0~100 0.04

2.5 KR RR

B 2,37 TR 25 FURE S S IRGE 1, ¢ 2,17 TR
TR S SRR G 11 Y, A RS v 17 A A
WEMRZZ , 3 AR5 v i 22 X 17 A1) 45 727 00 e 25 ok o e 2 L)
SRR RR LR 2,
2.6 AEE AL

B “2.3.37 Wi R IR A X BB C,, #2107 TR
TR 5 7 S HERE DN 2 6 YR, 10 AN SR B A . &%
S Cr.Mn.Fe,Co.Ni,Cu,As ,Ag.Cd.Sbh,Ba,Hg Tl
Ph #5702 M0 W H /9 RSD (n=6) 43 5l A 0.62% ., 1.3%.
0.59%.0.59%.0.86% . 1.1% . 1.7% . 1.0% . 1.1% 0.58% .
0.79%.0.93% . 1.4% . 1.2% , F WL ARG 5 LA
2.7 HEEMRAR

FRER] —HEFE 5 (HES 1611) 29 0.5 ¢, K % FR

A, LE6 1, #i “2.37 TUT 7 ik il AR S, AR

“2.17 TR RIS S A RN A SR AR R N L, 4

AL Ha i

.64 F b thCr.Mn.Fe,Co.Ni,Cu,As, Ag.Cd,
Sh.Ba,Hg. Tl Pb £ ICE V¥ & (n=6 ) 53714 0.6,
19.8.139.0.0.7.5.7.7.6.0.8.0.01, 1.2.0.06. 4.2, 0.02.
0.002.0.3 pg+ g, RSD 43 51 4 0.86%.0.71% . 0.81%.
0.87%.0.86%.0.66% . 1.3% . 2.4% . 1.3%.2.9% . 1.4%.
5.0%.7.6%.0.70%, FRWA kB E M R AT
2.8 FuE i

HC“2.37 WU WA S T (Fit S 1611) i
B, 00 T EIRFEO.4.8.12.16.20.24 h i
FEI5E , 0 AN AR N, 255 Cr.Mn, Fe, Co. Ni,
Cu.As.Ag.Cd.Sh.Ba,Hg.TI.Pb %% JG % W L {8
1 RSD 43 %1l 4 3.9%.1.9%.2.8% . 4.4% . 1.6%.2.5% .
4.4% .4.9% .3.1%.5.0%.2.4%.54% .8.2% .2.9%, 3
WIRE SR VATE 24 h NS ENE R
2.9 JInEERIBCRE L
29.1  WIUEEE  FREUE S (LS 1611) 2905 ¢,

S




| T T

(J‘PA HY NN RE

——

Chin J Pharm Anal 2019,39(3)

- 481 -

K AR, JLHCO 1y, 43 B 2 A “2.3.3” TR iR
A X R % 4% % 0.5.0.5.0.5.1.0.1.0.1.0.1.5.1.5.15
mL, #% “2.3.47 T J5 5] %5 Cr.Fe, Co. As  Ag.Cd.
Sb. Ba.Hg. Tl Pb JCZ NIFE RIS W ; PR A — A
i (HE55 1611) 29 0.5 ¢, KB FRE , LB 9 14y, 53 il A
BIMA “2.3” Wi F IR A X 8% % 7 0.15.0.15.0.15,
0.25.0.25.0.25.0.5.0.5.0.5 mL, % “2.3” i | 7 v il
£ Mn . Ni, Cu JCE INFE PDSGA R ; B4 2.7 TR ik
B S5 A ERE I 22, T H R4S R T 28 1 s I AR [l
e gE R TR 3,
®3 BEEERPETEERRRBER

Tab.3 Results of recovery test of elements in lumbrokinase

JInAZ Cadded )/

S (ng+mL™ X n=3) PR
(element)  f i = (average %
: recovery ) /%
(low) (middle)  Chigh)
Cr 97.1 98.6 97.4 91.7 0.83
Mn 105.9 103.7 99.8 103.2 3.0
Fe 100.2 99.2 98.1 99.2 1.0
Co 99.8 99.9 97.9 99.2 1.1
Ni 94.8 98.7 98.0 97.2 2.1
Cu 92.2 96.0 97.9 95.4 3.0
As 112.3 107.0 106.9 108.7 2.9
Ag 100.0 100.3 100.2 100.2 0.17
Cd 108.2 107.4 103.6 106.4 2.3
Sh 102.9 101.1 102.1 102.0 0.90
Ba 101.2 101.8 101.8 102.4 1.6
Hg 110.1 108.9 110.2 109.8 0.65
Tl 104.6 104.0 103.0 103.9 0.79
Pb 100.7 100.4 99.6 100.2 0.59

292 dedRE SR A FRECE - HERER (B 1) 24
0.1 g AFEFRE , FLIC9 13, 43 HIAE 2 AR A X AR
HE % % 0.2.0.2.02.04.0.4.0.4.0.6.0.6,0.6 mL,
Sy BRE BN A He I R bR fEE A (10 pg - mL™)
0.05.0.05.0.05.0.10.0.10,0.10.0.15.0.15,
0.15 mL, #% “2.3.57 Wi T e fi5] % 5% 4 HEAE o % W
il & 7 ¥ il % Cr.Co.Ni.Cu.,As Ag.Cd.Sb,
Hg . T1. Pb JG & i A o] 50335 W 5 Bk BBCTR) — b b
(EHE1) 2900 g, K% Fr o, LHC9 0, 20 0l K
HOMATR A X AR MER % 1.0.1.0. 1.0, 2.0, 2.0,

2.0.3.0.3.0.3.0 mL, #% “2.3” i F iy 5] 5% % + 1
FE i 7 W #5735 Wl 45 Mn | Fe . Ba 7T Z AR [l
WS s P4 <217 IR R Ak R SRR L T
A RO oG R A R IE TR IR ISR, S5 R L
4,

F4 TEEIEKRERRBER

Tab.4 Results of recovery test of soil

I Cadded )/

o2 (ng*mL™" ) n=3) PR RSD/

(element) (¢ i per (average %
: recovery ) /%
(low) (middle)  (Chigh)

Cr 96.3 95.0 96.7 96.0 0.95
Mn 107.0 103.4 99.0 103.1 39
Fe 95.1 96.4 97.7 96.4 1.4
Co 94.3 97.1 95.7 95.7 1.5
Ni 101.6 97.0 95.7 98.1 3.2
Cu 105.6  102.1 103.8 103.9 1.7
As 102.1 104.0 104.8 103.6 1.4
Ag 95.0 97.2 98.6 97.0 1.8
Cd 97.8 95.8 96.4 96.7 1.1
Sh 110.1 1042 107.3 107.2 2.8
Ba 107.8  105.6 103.2 105.5 22
Hg 97.0 96.5 101.2 98.2 2.6

Tl 98.4 99.7 99.6 99.2 0.75

Pb 99.3 99.4 100.3 99.6 0.58

2.10 HEETPAEICRAIE

W S 24 . BRIURE S 2 0.5 o, KB FROE , 4%
“2.37 WU J5 Ll A R AR TR, BT 2,17 TR SR
PRI AE , B RRE S AT I 2 0y TR A
JCRGHLVARIES,

IR FRIORESL 24 0.1 o WG EFRE 17 “2.37
TR J5 il 4 SR, AR 2,17 0T SRR
FE, BEHEUREE S EATINAE 2 40 TR RER TP A E LR
i, BRI 6,

Ry 5 A L A ] T SRR A g b 14 Rl oA E
JCE B o A FRAE, DA TR IR A bR, LA 10 4t
U G R 2 F TR S B A A
X]Lﬁ{ﬁﬁ4ﬁt‘(ﬁ(j:i%€$7ﬁ$ﬁ%§/‘\ﬂ¥i@ﬁm
H SR X BB o 9N A B, 22 1l T R & i R AE 43 A
FLCIE T,

AR R

S
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®5 BIHEERFTRONESR (ng g, n=2)

Tab.5 Determination results of harmful elements in lumbrokinase

fit's . .

GorNey Mn Fe Co Ni Cu As Ag Cd Sh Ba Hg Tl Ph
1405 0.6 10.4 73.3 0.6 10.9 8.0 22 0.02 1.0 0.03 34 0.03 0.008 0.1
1406 1.0 10.3 75.5 0.6 10.8 8.0 2.3 0.01 0.9 0.02 34 0.02 0.007 0.1
1407 1.3 9.7 76.9 0.6 10.4 7.5 23 0.02 0.9 0.09 34 0.02 0.007 0.1
1409 0.7 10.9 71.5 0.6 10.5 8.3 14 0.01 1.1 0.03 3.0 0.02 0.008 0.1
1506 0.6 12.3 100.8 0.5 5.6 9.3 1.2 0.02 1.3 0.03 2.8 0.02 0.009 0.2
1507 0.6 12.0 98.5 0.5 5.8 9.6 1.2 0.02 1.2 0.05 2.7 0.01 0.009 0.2
1508 0.7 12.4 101.1 0.5 5.8 9.4 1.2 0.01 1.3 0.03 2.7 0.01 0.009 0.1
1510 0.6 11.8 100.3 0.5 5.7 9.3 1.2 0.01 1.1 0.03 2.8 0.01 0.009 0.1
1610 0.6 19.9 136.5 0.7 5.6 7.5 0.8 0.01 1.3 0.04 42 0.02 0.003 0.3
1611 0.6 19.9 139.3 0.7 5.6 7.5 0.8 0.01 1.2 0.06 4.2 0.02 0.002 0.3

Fx6 TEHRTEETENNELER (pg-g' n=2)
Tab. 6 Determination results of harmful elements in soil
( fo?fi?siie ) Cr Mn Fe Co Ni Cu As Ag Cd Sh Ba Hg Tl Pb
1 84.1 1215.1 44 594.0 14.1 30.2 4563 39.8 0.5 1.2 23 3424 06 0.7 82.5
2 121.2 2050.8 525558 26.7 61.9 5235 49.3 0.4 1.1 44 5476 0.6 1.1 79.4
3 107.6 2636.5 43 581.0 272 504 799.2 45.5 03 14 33 4922 0.8 09 725
4 82.7 22425 32 386.1 18.8 343 631.7 38.5 0.4 1.5 43 360.0 0.7 0.6 74.6

——JEBIZH (crude drug)
—— 1% (s0il)

1In (GEEEE (content of elements) X10%)

g J JtE& (element)
1 TEREEHUEITHE

Fig. 1 Feature distribution diagram of elements

3 itig F] 2016 4F 2 IBIHI YR Ni L As TR F M 2014

ST 10 1 VIR JEURE 25 B SN ZE P2 H B 4ES 2015 AERIRRARIE 1 4%, BT 24007, 15138
VEIT L HE , [ —AE B PR R S EC R A R MR 2 A B LR Fe AR (70~140 pg- g,
T, R RAE G RE A E L E R A A ESE . Mo Ni.Cu & 5K 2 (8.0~20 pg- g ), A H E T
PR AN ZE A 0 Fe Mn CE A B 2014 45 Z 58T 5.0 pg- oo (e AR L [ 24 i)

AL Ha i
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2015 AFJxt f 24 B 25k A oA T R A E T
ZIRBEARME" P NS5 5 pg- g, Cd A5t 0.3
ng- g, Hg A5 0.2 pg - g, Cu 7554 20 pg- ¢,
As A1 2 pg-g's 10 JHLRAESL 1 Ph. Hg. Cu JTE
TS REN; A 3HRAEMS T As TR S
FSHIRE ; 10 JLREER P Cd TR GBS
HIRE, PR P A RBE R Fe, Mn RS % ([
R SR RS HEAR) D R R Y AT A7 B
AR (UL) BUALE : Fe N155d 42 mg -« d™'; Mn AN
Fad 10 mg - d™' 2] T 3R DA 5 v I
SRYTE, IR H O IRE 20 150 mg 718, 10 LK
FEAH Fe . Mn JCE ST BITES HIREEN

TR T ERE A (E 1) 2558 8RB f
A FEILR SR O S 5 55 LR KA E LR
i LU, U B R %) A 7 DAk 5 5 ) 51
il B R O AL I PR AR A E TR R T BE, 4551
PR A 0 B 22 G T IR AR (i 5] ) 5% 5E PR R Y
4RIl

& ShN e S-S v I & St
L, FRWIRE S 3L O 45 0 R TN (B RR E R
H Hg JCR ANFE , FER RO E 5 A 5 1 R He I
FE (AR ; R PEIRE SR BRIV 24 h Y
o, Wi BURE S TR 45 5 24 HO 2, sl 7e AR i
W IAGE 14 (Auw) JTCEARER TR, He LR 5
Au TEEIE R E AR AW, HAIE He BORaErE
T A A R A TR B NSRBI/ B /N, T
LB UERE 5 3820 TH 1 5 ICP-MS 1] [R] & 2 Fh 4
TLE, R RS A, M 4 8 e AR
o R R MO R PR R, R,
HERA AT, 38 H TR A 35 e R A T

B30k

(1] 2a%. Wl Pk L2 s m i oE [ D 1R b 2k
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