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A method for the the accurate determination of 14
metal elements in soils/sediments by ICP-MS
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Abstract;: A method for the accurate determination of V, Cr, Co, Ni, Cu, Zn, Se, As, Sr, Mn,
Pb, Cd, Ba and Fe in soil/sediment samples by ICP-MS with different digestion conditions of
microwave and wet digestion was established. Factors such as sample mass in microwave digestion,
different system of mixed acids and temperature of wet digestion were optimized. ' Rh and Pt were
used as internal standards in ICP-MS analysis. Appropriate monitoring isotopes, collision or reaction
mode were selected according to different elements. The results showed that when HNO,;-HCI-HF was
used in microwave digestion and the sample mass was 0.10 g, most of metal elements were completely
decomposed except for semi-metals such as Mn, Sr, Ba and Fe. For the wet digestion, all the 14 metal
elements were consistent with the certified values when HNO,-HCI-HCIO,-HF (5: 1: 5: 1) were used
at 180 C. Lake sediments and two soil samples for BIPM international comparison were digested by

the two methods and determined by ICP-MS. Resulis indicate that the RSD for the 14 elements were
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from 0.10% to 3.32%. The results of As, Cd, Pb, Mn in the two international comparison samples
were consistent with the preliminary results reported by the comparison coordinating institute. This
method is simple and convenient with good repeatability and accuracy, and it is applicable for a wide
range of similar matrix samples.

Keywords :soil, sediment, ICP-MS, metal elements, microwave digestion, wet digestion.
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Yy H P E AR ITR W Cu Cr P Cd S5 T8 & N BA TR TS G R % T 38/ R
SAETRAS TG YA T5 YL IR I R R RS PR S 9T, 4 D0 R A ERR I B R

ME 4 JBICR SR IE FEA T IRICE (AAS) JRTF96EE (AFS) X SH£R758 66 1% (XRF) |
BRI A S5 8 PR R OGS YL (ICP-OES) | BB A % B8 1 i vk (1CP-MS) 4517 Hidh 1CP-OES Al
ICP-MS 0] [a] i & Z2 Fpoe 2 | i b, {5 ICP-OES JC¥:iili /£ Pb . As Cd Se 2550 E AUKS i FRER
ICP-MS HAT R = Loty B 58 U A i D0 A, AT DAAEAR KRR B L B[R] T + 58/ Ui AR 4
e R A 2 B AR VR T RGBT AR TC ER | T A IE 5 R RN B 3 il 8/ i i ABE S ICP-MS B
A B P AT R S

1 VTR R 4R DT ER B I B OGS SRR R SR AL R, vk R BRI Y R L ARV
T A B AR A 358 23 D e S A O i A7 R AR 8 32 0 0 1O R0 0 e — IO 45 5 ) 1 S T A
TRV IR TR T i P A o T AL B AR, 909 Aol SR PR LR PR o 20, LA R s s s B e A R
TR 4 B I Y AR ME DT (GB/T17138-17141—1997 ) FI5E 10 16 W f# A R 5 48 Cu Zn
Ni \Pb . Cd %4 J@ o0 2 & B A AT AL F 75 5 0 Sl T fre 038 325 0 A 3R %) = 2 DR 3R A 4 T ek /)
FPE R AR R R T SO )

AT LIS T 0B T il A 2 T e AL B i iV Cr (Co \NiCu \Zn Se \As St Mn Pb Cd Ba #il Fe
I 14 Fp & B0 R NIEASCR , B s S EG sE R Ak, @57 T 1ICP-MS R I 2 + 38/ DR h 4
JBICE B, AT TR DU A FR E PR X R S P Y 14 Fh a8 o0 R AR S SE I A 5T Fn
FEAR SR B T H R S5 R S 4.

1 SZEG#BJ) ( Experimental section)

11 AL B

Agilent 7700x Y L B A 45 B9 TR B3 | 7 A RIE 3R S 3 L 40 BT RO, XP205 Y, Fij - Mettle-
Toledo 23], #t/IN3JE 0.01 mg; S X THE4H , DKN302 | H A YAMATO 23 5] 5 42 [ 3h1-47 58 B AU X,
DigiBlock EHD36 %, At (A 28 BT BR 2 w5 T T A A, Mars 5 &Y CEM 23 w5 Milli. Q A8 27K kb 3 2R
45, 3 [# Millipore 23 F].

HNO, K BV-M %, 2 — R 2085 % FH s HCL HF g BV-T1 2%, db 524k 243870 28 71 HC1o, A A 2 46
ACROS Organics /A . BAIC RIS bR MEY) 5. 4L (GBW (E) 080216, 100 mg-L™") . % ( GBW 08614,
1000 mg-L™") % ( GBW 08613, 1000 mg - L™") 4 ( GBW 08618, 1000 mg -+ L™") . 4l ( GBW 08615,
1000 mg-L™") #F( GBW 08620, 1000 mg-L™") fifi (GBW (E) 080215,100 mg-L™") ffl (GBW 08611,
1000 mg-L™") B8 (GBW (E) 080242,100 mg-L™") %% (GBW (E) 080157,1000 mg-L™") 4% ( GBW
08619,1000 mg-1.™") 5 ( GBW 08612,1000 mg-L™") Wl (GBW (E) 080243,100 mg-L™") Fl&k ( GBW
(E) 080123,100 mg-L™") ¥ty [ T E i1 R0 58 Bt 3R 1Y) 5T . SRM 2709a, 4 [ 35 [F NIST. 52
Ik A [‘Jljﬂ?ﬁﬁ7kﬁﬂﬂiﬁgﬁ7j(( Milli. Q [y GO EY: t) ,5‘% Millipore INH]L
1.2 HEACRE STl

TR UTRR IR 50 M HE b XN T, SR EEJEHE Bk 54 T TR RIE TR PR & 35950, TE B Bt
SR INFEFT K | H SR BT AL B IBRAR 5 s R RR IR SRS WS ISR A, 1 200 B, e ET
HH BT 4 COKFATRAT I SR AR v 52 S5 45 . 53 AW 00 1 384 & Oy [ PRt £ J7) ( BIPM)
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HLUH) CCQM-K127 15 YL FA 5 Y 4 3 11 [ B LA i, 400 ok A 88 PG BF ( 35 a) AT SCE T (
e b) , Horh 48 b A AGS B4 RE AT 200 H i IR A1 S AT SIS, S8 8UE VR A PR H X AR
st AT il TP 4 T AR G AT E T RS S I [T IR I A i A T O HE S LA SRAR AL I
BRI 2525650 2 0 105 CHEAF TR HE 4.0 h, NIST 2709a FE P H X RE 5 322 BEIE 45 K L XA
KA AR AT AT 110 CH1105 CHEF TP T 4R 2 h, FREARAFRIE R AL

1.3 B ATAL B

TR T A - o0 SRR ARI 0.10 ¢.0.15 ¢ F10.20 g RSB £ 0.00001 g) 3438/ TR 5 bk 1 fire e
HL A S mlL 2% HNO, 2 mL HCI 1 2 mL HF 3238, 55 = H & TR0 p b i i , o i i A o
P TR BAR S5 A Sy - T 20 BRI i AR Y D R 25 1600 W, 45— 2 S HE 30 min KR BT R 2
170 °C , 7E PR BE PRRF 20 min SEATTH A% ; 55 25 M 7E 40 min BHIREETHE 2 210 C , 7EHCIRBE A FF 30 min
AT T R 2 B SR H B 3R IR ME RS 2 50 mL RO T B TKE R R 25 mL, 710
[P A 3 4325 S

TR T A MERRFRE 0.25 g CREH13 0.00001 g) 4398/ BRI RE i 17 35 58 VU 980 20 T Fd B v ok EE
AT IETH RO BT T PR R AR R L6 Bl EL IR AT I A%, BP HNO,-HCIO,-HF (A, 4:1:5;B,4:1:4;
C,6:1:4) 1 HNO,-HCI-HCIO,-HF AR (D,6:1:1:4; E,5:1:2:4; F ,5:1:1:5) . Hoft A B Fl C 4 B infR & 5
B4 2018 .22 mL, A B2 —30G D K R F AL IR S AH R ¥ 8 24 mL, Jin A g i 5 5 A (). [R) i
R A 3 1023 1 00 AR R A ELAR I i T R B[R] FT AR A0, 482 18] O PAT VS A ek WA R 5 T = L 2%
P

(1)HNO,-HCIO,-HF & & .55 —H A B .C M A 8 mL FEZE HNO, .2 mL HCIO, Al 8 mL HF J5F
120 C A 2.0 h, BEJ5 7350 THE A 160,200 °C&-THM## 3.0 h; %5 — H 735w A F1 C 4l 2 mL HF 14 mL
HNO, , {175 A B .C ZLEINAR 3510 20 .18 .22 mL, 4KZE53 51 T 120,150 F1200 °C i 2 T i # 2.0 4.0,
2.0 h, CIRE S AT A 5 28 = HORE I P O BE AR 120 °C 4R S AA, T FF i 5 2 TH i, I 56 25 1R
(3—4) h, HEFEBRAERL N (1—2) mL BTEUE B HEHEEZE 50 mL BB E.OE P ERE 25 mL, 1§
. (2) HNO,-HCI-HCIO,-HF /& % . 55— H D .E .F ZUARHMA 5 mL #EZE HNO, .2 mL HCl 1 5 mL HF
ST 120 CHNR 2.0 h J& 140 CHn# 3.0 h, 2854 D E A1 F im0 7+ 2 150,165 180 °C T M
fi# 3.0 hy %5 H 3 A4 5%Min 7 mL HNO,-2 mL HCIO,-3 mL HF 5 mL HNO,-4 mL HCIO,-3 mL HF
5 mL HNO,-2 mL HCIO,-5 mL HF fff SUMEREL 35 24 mL, B5EFHR 2 120 Cn#k 2.0 h, Ffif5 D H T
150 °CiHf# 6.0 h E 45T 140 CIHAE 4.0 h J5FHEZE 165 CIHM# 2.0 h F 56T 140 CIHA% 4.0 h J5 7+
T2 180 CiH i 2.0 h 5 = HKE M Al b IR FE I 7E 120 °C 4k& i, Rkt i o8 2T M, T s E 17 28 1R
(3—4) h, ZEWIAERL R (1—2) mL BB R HEH% 2 50 mL SR ELOE T EZ 2 25 mL, 77
L4 FEAIE
1.4.1  bRAEFBCTH

P R A8 VAU < SR FH R VR PR R — 5 B A 1) RS A ) 0.0001 g) Cd il Se BRIT R I AR ER) ot
Bit'E Cd.Se —ZIR S PREAG RV, HOREE 4350 1.0 pg-mL™ F1 5.0 wg-mL™ . FF43HFREL V Cr . Co.,
Ni ,Cu.Zn As Sr.Mn Pb Ba Fe HLICRIFWIREY) BT Cd Se —ZIR G bRifEfs 20 5W, FL il Z2 T R IR
BRI, 14 FhOCR B EEIE R (0.01—2.5) pg-mL™.

P v FHT 28 VR BRI — o e ) s T A 25 VA R, D 3% i T2 e, 1 A [] v 8 0 AR o 3R 910, Cd A v
WARINHE S 0.0.1,0.2.,0.4.0.6,0.8 pg- L™ ;Se Wi I RIS 4 0,0.5,1.0,2.0,3.0,4.0 pg-L7';
Co As.Sr.Pb Ba brffEiE W RFMEE H 0.1.5,10,20 .25 pg-L™'; Cu Ni Mn PR HEE R RFNHEE R 0.5,
10,20,30 .40 pg-L ™5 Cr V RAEG IR RIIHEE R 0,10,20,40 .60 .80 pg- L' ;Zn Fe FRifi:is ik 5 51k
4 0.10.30.,60 .90 180 pg-L™".

WIFRIA - 10 pg-mL™ A9 Rh " PR AV, W@ B B 1.0 pg-mL ™.

1.4.2  FEAL R 1CP-MS U2

DU T, SR AT IR, LIRS e A R AR, i CeO™ /0 Ce™ [ Ce™ /™ Ce ™ L A3 I T 1.5%

1 2%.
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ICP-MS 4% & . RF YN 1500 W; ZE4b45 N PFA [Rl.0 Ak 8% , B 345 R T A8 1 M it &
R PFA 2G5 RAEREE N 7.8 mm; 2 HN 1.02 Lomin™' ;4B #5# M 0.10 L-min™' ; He 5{ H,
WM 5.0 mLemin~" ; B %5 : QP Bias H-6.0 V;OctP Bias j-8.0 V;FL/rE] M 0.1 s.

o it KA 00 52 AT, (5 ] e 1 VA BEE A v 2R 3 RN PN B s YRGEEA T P/ A R3S (575 ik v i 7 1A 451
Wi 107 8 2 P RE RS A ] — 28 M oy LR A I 5 S AR 905 S o 175 490 68 Y 3% il R 0 45— 58 A5 B0 B, LU
HEBRHR o3 FEAR PR IE A0 0 38 W B 70 Ao il e R 3845305 31 L PN D R AR B 1 I 20 | = 38 v 2 S )
Ve 4R TR S IR 2R B i AR T R St/ S AR R A AR LR 1.

R1OMEICR I R R CER Bl SO T

Table 1 Elements and the isotopes monitored, internal standard element and collision/reaction gas mode

. ; _ Tl 4/ N o - fill4#/
s W T bR IG 2 NN S W 5T APIVES SN
Wik WRERC S PRLE g | omgong  MWREERC O WRRLE g s
Quality Internal N Quality Internal ..
Elements Collision/ Elements Collision/
number standard . number standard K
reaction gas reaction gas
A\ 51 13 Rh He As 75 1% Rh He
Cr 52, 53 1B Rh H, Sr 88 183 Rh He
Co 59 13 Rh He Mn 55 1% Rh He
Ni 60 13 Rh He Pb 208 195py He
Cu 63 13 Rh He Cd 114 1% Rh He
7n 66 13 Rh He Ba 137 1% Rh He
Se 78 13 Rh H, Fe 56 1% Rh H,

2 R 51718 (Results and discussion)

2.1 WFRIGRMER

Fin RSN 2B R R AR AU, fap G5 252 M) ICP-MS £ 28 S e o PR 19 32
SRR L DUBRIRE S T i $h A | SN F 2 7 28 e 19 P R0 /g o)
F1 Thompson AN SRy 2R FH B — ARG R BV AT AIMELRE Sl AR | 52 4% R F B 1K) 22 50 2% () B ofe i
FE TR REUE, R E R NPR R B 25 IR P R B AT iZOo R I, AR B IE R BT T
558/ ORI b A B I A A O E T, % FH AR JCZ A Li \Se .Ge Y \In  Th Ho , Bi 55 PRI ZEAE i
By o S ORS00 3 U R AT 2 on R R e N ), 45 R B TR ' Rh
APt F 5 E AK SF E AR TR Cd 1Y 0.6%0H1 1.0% , 165 G AE A NAR T ER | %8 I N FRICER ) BE £
2 A IO SO B — H B R A I A ST 2R 1 S ).
2.2 WA CE R

TSR TR AR B S H S EE R 0 E N T4 m TR W e (xR, NIk & am
JCE WML | B 5 I B B A 7 T HERR A A 250 Y, A 5 9 f s 5 1A 893550 2 HEL HC10, 45,
BT /DU As Cr. Se Cd Fl Fe S50 F M 7= 4 M & T30, W™ As P A Cl T H;7 Cr 52
36Ar160+ \40Arlzc+q:;ﬂt’53 Cr §4OA1"13 c* \37 C116 0" :F?jli;m Se §38 Ar® Ca* %:j’jli,go Se %40 Ar® Ar* q:;f s ;111 cd
ZPMo'°0" M Zr'" O H T4, Cd 52" Sn Mo O T4t 55 5 L Ay 6 I A5 =2 G 12 1 A2 M DU 7 25K, T
DL 2R TR AR/ s I 4 A TP A 0k e i />

H, He 52l o) 5 B i 0 B 1 & 2B SO Rl 75 S A 2 0 B T4 R RIS X S g 4 SR
DIZE Cr.Se Fl Fe JLZR BT HER: H, WAL AT BR T 110 As 7E He AT 2 AHERR A C1" S5 T4
el 0 235 RO %8 A AR S Cd S S O AP, 00 B 32 AR TS M A K (SR FH A3 St B AR 2 DA HEBR
T, AR 7T 1 £ TP I R A T4 1. I 5 B, Cd W N 5 i B0 2214 Cd, R I EPA 200.8 #EFERY
THALIE ALK IE.
2.3 FERLIHAR
2.3.1  THEIE AR

M T EA S AR ) RIAIRRE 1 1Y HCLO, 75 25 P 25 AF T T B i FA st 43 oy {8 D3 %) 1 0 TC AL
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ARAE T = R 2 A ST 6 Bl D8 T M ) A TR R OR 2 BN A HCIO, , 1 J2&R ] HNO,-HCI-HF 45 |, 7
it dpe i A 210 °C ELATR 3 DA (b 1 Ak 3 v BB i e SR AR SRR AR R 0.10,0.15.,0.20 g 4T L
A, L IB] Ryt — 2 B T T A R, 2 K T A T [, 45 5 2 B A0 4K 31 ik IF R0 9 e s SR ORI A 4R
B, TR B 57 FRAS AR, W SRR 2 e T e 398/ ORI S IR 25 20 R 22 S 6 0 5 45 2R D
#*2.

MFE 2 AT IE N, K4 RICE (B T Sr.Mn . Ba Fl Fe A1) (i E 45 BAEFRAE R} 0.10 g I 5
PRUEAEAT A R SO I vk ANl FH T 388/ TR Sr Min Ba Fl Fe (Y RTALEE i HoAl T 2 75 76485
FIFREE S50 T (EDFREE AT 0.10 g A ) 12007 1k 22 25 SR 2.

R 2 FERBREE R BB AR A 25 R (g g™ on=3)

Table 2  Effect of sample weight on the determination results of microwave digestion (pwg-g™', n=3)

B W (P B 22 N
JLH Determination value + standard deviation PRGN B A2
Elements Certified value+ uncertainty
m=0.10 g m=0.15 g m=0.20 g
A% 1113 107+1 104+4 110£11
2Cr 1246 118+5 110+3
130+9

3Cr 1256 119+5 1104

Co 12.8+0.3 12.7+0.1 12.7+£0.2 12.8+0.2

Ni 84+1 82+0.5 81+0.4 85+2

Cu 33.5+£0.9 32.9+0.4 29.5+0.1 33.9+0.5

Zn 102+1 99+1 100+1 103+4

Se 1.5+0.1 1.4+0.1 1.6+0.1 1.5

As 10.5+£0.4 10.4+0.1 10.5+£0.3 10.5+0.3

Sr 146+6 129+2 80+5 239+6

Mn 498+11 479+35 466+19 529+18

Pb 17.2+£0.2 16.9+0.1 16.9+0.3 17.3+£0.1

Cd 0.373+0.003 0.369+0.011 0.370+0.003 0.371+0.002
Ba 322+18 331+4 327+28 979+28

Fe 30511+300 24988+428 27025+450 33600+700

2.3.2  VRILIHAR

JNFE 2 AT LA Y 1 R T S RE % 52 A IR e/ DR R4 & R AL B W LA X S5
Nadkarni' ™ FOBIFGE 25 ARAT A R it — A0 B2 i B S0 T AR, (o B 45 T4 0 ks sl 0 e v 19 &2 B e R
Br it BT MR AR R IR HCLO0, W5 T 211 25 1 S 06 e 1 B IR B i 0 38 A Ak 2 Pk S ), 03 %
FERIIR IR ZR  FR S A4 C RV 7 22 5 ARSI 9T 1 3 0 A mP A [ 9 A R 2 RO 88 S A i 94
i DN 2 5 SR A R ), 45 2R L% 3.

A A A PR, B30 396 27K 4 T A A 2R, R B bt R LR T A R o P 1) 4 B S5 A LIS > i
A B C 4 FIEMARHEA L, BIMETE 200 C @l &0 T AN BERGFE 5 58 205 % D VE F 41T
R 24 mL, A D AF5TCER AN Cr Ni S5 PRI B AN 0T 58 40 5 0 5 3% I A TR 265 v 1 2 1
T, RS HF A RE IR E A RE S5 S A% 2540, P s 4 JE T R W Cr Ba Fe S REHLHRS M
26 3B L B T T LA . He il 5:1:1:5 B HNO,-HCI-HCIO, -HF 14 #1422 15 5t 25 T AL 180 °C 451k
TR T AR A 14 PP AR OT R SC R Cr \Ba  Fe I 5E (B X5 7E ATV (B0 B A, (590025 0% At oot P 0 1
BBk Se As IR AR A T i TR & S EON IR L B AT I e 25 R e A v I S AT
i 120 CLAF.
2.4 FESHINE

A AR T A AN R BRACE B V2 T A A [ 3 ok 22 R0 L B X = 498/ U AR ) 1) i A BRASCR, , il ik
VEFR AT 18 75 R TR A 0 9 o [ B L - A o 14 Fh 48 o0 R UEA T T F R oA 00 2 R A
GYERICEAN As Se M 5502 Ph S5 (91 Ab B R FH G0 T A0k, FRAE R 0.10 ¢, THRIA R N
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g3

36 &

HNO,-HCI-HF ; HoAth 7T 2 W JT] HNO,-HCI-HCIO,-HF (5: 1:1:5) (435 55 0 K 2 | f5c s 0 A UL BB
180 °C, I 52 235 5 DL 3 4 AR S0 v (6] P XU 72 TC 2R As \Cd \ Ph AN 52 5 SR 45 78 U X400 4528 A 235 SR 3
PSS BH 127 30 T RS DO 4 A [ B e X - SRR | 45 4 J e 2500 7 45 SRR (RSD) 7

FEIZE 0.10%—3.32% 22 [F].

R3 OBEHBEER (pg-gn=3)

Table 3 Determination results by the wet digestion (ug-g™', n=3)

o - £ R AEDR 22 (Mean + standard deviation) $%¥ﬁﬁ¢ﬂﬁ%f}%
Flemnets Certified valuex
A B C D E F uncertainty

v 1072 1051 1081 1091 111£3 107+2 110£11
2Cr 108+2 120+2 115+2 118=1 1286 1304

BCr 108+2 120£2 116+6 119=1 129+5 1304 13029

Co 12.5+0.17 12.9+0.1 12.6+0.2 12.8+0.1 12.8+2.0 12.9+0.1 12.8+0.2

Ni 831 82+1 84+1 8242 832 85+1 8542

Cu 33.420.8 33.50.5 33.5+0.7 33.5+0.9 33.720.5 33.920.1 33.920.5
Zn 105+3 103£2 10423 1041 103£2 103+2 10324

Se 1.4+0.1 1.4+0.1 1.4%0.3 1.5+0.1 1.5+0.2 1.5+0.1 1.5

As 10.0+0.1 9.8+0.1 9.9+1.2 10.3£1.2 10.2+1.0 10.4+0.1 10.5£0.3

Sr 22430 192+3 23045 234+9 2372 2393 2396

Mn 460+18 463=14 525+6 525+9 528+11 5309 529+18

Pb 17.4+0.2 17.5+0.1 17.4+0.2 17.1x0.2 17.2+0.1 17.4+0.1 17.3+0.1
Cd 0.372£0.007  0.368+0.002  0.374+0.038  0.375+0.008  0.372+0.013  0.371£0.003 0.371£0.002
Ba 917+35 863+7 932+11 952+20 966+12 985+3 979+28

Fe 33005425 30025+500 333402600 32700+500 330902650 33642600 33600+700

R4 WIRTIRWY I a FILIE b MESR (P bRER 22 ,n=3)

Table 4 Measurement results of lake’ sediments, soil a and soil b (Mean * standard deviation, n=3)

TE VLY Lake sediments + 4 a Soil a + 5D Soil b
Elements W/ (ugg™") RSD/% W/ (pug-g") RSD/% W/ (png-g") RSD/%
v 140 0.32 34.2 0.59 103 0.19
S2Cr 81.7 1.03 111 1.10 107 1.67
SBCr 81.9 1.10 110 1.24 108 1.65
Co 29.3 0.10 18.0 0.78 12.9 1.90
Ni 60.1 0.33 9.4 0.44 48.0 0.36
Cu 61.2 1.02 381 1.82 22.1 1.89
Zn 168 0.51 6814 0.59 102 2.06
Se 6.2 2.15 53.7 1.34 0.434 3.01
As 33.0 1.56 75.9 2.45 13.7 2.01
Sr 369 2.31 45.5 3.03 60.4 2.67
Mn 1748 3.04 1150 2.63 1087 0.85
Pb 42.7 1.23 231 1.00 39.6 1.48
Cd 1.05 0.62 436 0.41 0.531 2.28
Ba 298 3.00 609 3.22 266 3.32
Fe 39200 1.19 19900 1.03 31900 1.15

3 %5 ( Conclusion)

T A AR S ) R R AL B T 0 R AR 3 B AR S A T R R 2R 8 HNO,-HCI-HF  FRFE & A
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3t 0.10 g B, BR Mn Sr.Ba Fe 55F: 4 JE TR M IR RCR 240, K &8 & 0 V Cr, Co Ni, Cu,
Zn Se As Pb Fll Cd RESE AT , SO T4 i 19 v T 2 3t 25 T HGE T As Se Fl Ph 263 &L R AL S
W15 TG R P RTAL B MR I 2 S A, 6 IR & EL 45124 HNO,-HCI-HF-HCI0, (5:1:1:5) M A fift {4
F 180 C I d e TR EE I FE A b 14 Fh 4R T R I 45 5 R, (7 7746 1 i 28 R IR B2 LA B 1k S 56
I FRTC R R L R, % TR TR 3 = 38/ OB h AN [R) 4 T TG 2 Y 1CP-MS HERA I A2 , b e 65
T T AR T Vﬂﬁﬁ%&”w B, AT A5 B i TR DA R IR S Ak iy sl a R Ak T 52 2
ICP-MS W J5 i 25 ek i HL R .
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