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Determination of V, Cr, Co, Ni, Cu, Zn, Se, As, Fe, Mn, Pb, Cd, and Hg in Soil
of Dressing and Smelting Slag Field by Inductively Coupled Plasma Mass
Spectrometry

CHESR & AR

202X -XX -XX &*5 202X - XX — XX SCjfs

R EHDAEINATh S & %









H D 11
E) == 11
B 111
O 5 U PP 1
O T B B Tl o 1
3 R E I Y o 1
O 7~ - 1
o 11 2
o R - 7 2
o | v = PP 2
6 I o o 2
B, L BT ottt e, 2
B. 2 B 2
B. 3 AR - e 2
. 4 AR e 2
B. 5 BHBRVET « o o e e e e e e e e 2
B. B B T « o e e e e e 2
B. T T - o e e e, 3
1R - 3
OB e e T 3
1. A . R . B0 3
1 BT R 3
Tod AT A o 3
1D B I A o e 3
7.6 BBUUG ET E 3
1T B R 4
T3 == PP 4
1o B B e 4
B R e 4
O AT 5
10 BRI ERIR 6
L1 R B B R e et e e e e e e 7
L R R T ] . 7

B3 A BERMED ZRTETTIMTIREGE ... 9






T/CCAA XX-202X

o,

W

11

il

HiJ
ARICAFAEIRGB/T 1. 1—2020 (hrEAL TAETN BB 13850 PRl SO Ss t FIER S0 ) R0 E A

THERASCF AL A AT BEW R LA, AR A R ATH U A IE U IX 28 LA (1 5T
AR F AL RETERAT B o EA AT T R RIS P ANER R STl
BB AR AE . ST AOATREE T (AR I 08

A F RN HERE . g, 2. EXBE ZERR BIRE.



T/CCAA XX-202X

il

El

AR, SR L SRR T, BRAE (R RIS |« (E k%
TN L RpA T RIREAD (F% (2016) 318). (S RMHIRBE B EGT)) « (T
Wb A 3 M RS S A 5 48 5 TARSR I (A7)« (GB15618-LHEFRETIR At 41 oL Heys e R B
PobRiE) . (GB366OO-LHEFRBET L AUt ATHL -+ e i MK B R ) (GB18598SE Ky et is e
PebbRE) S KRB AEAIO I, AR TR, SR AR A,

FERIHLSE T M1t s S He 8 52 AU LM R O TR . v, %
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BEEBEFH TR ENE TS TIEPN. &, . 8. . 57,
fff. . K. . $H. BRAIK

1 SeE

AHEARMVEER T 1ILIERER T Rb LIRS R R . 8. B B . BR. AR R BR. AR
By ARINEREY . Trik.

2 HEMSIRAXH

N HU ST R P 2 e SO R TG TP T BRCAS A A AN ] 2 R SR s R, v E 51 SO,
A% H AR R I RRASSE A SR AN EH A 51 SO, HEFRA CBFEFTA MBS EH T4
S

GB15618 - IEIRBE i A% FH 4358 v5 e XSG B 2 A i

GB36600 T IEIIE T 1AL A b A 33T Gl KU A Fa p v

GB/T36197 L& THERFEH ARG

GB18598 f& [ PR A IFHIM 5 Gu 7 il b1t

HJ832 LIEFIVIAY) SRR MEMEME T %

HJ803 LIEFIVIAY) 12 Fh& @R Mille KPR -HUBRR A & 5 T i ik

JIF1343 bRk o e A8 e FH R 0 J et 2 SR B

JJF1001 8 THEARE Ke X

DB43/T1165 4 J@i5 Yl T 545 S hrifk

DB13 Ji[db48 4 M+ & &8 V5 s B R M

3 ARNBEBFENX

NEUARTERE S T A
3.1 MEEZFE M measurement repeatability
FE — 2 2 ST B 2% T PR A B
3.2 NEREZEE measurement precesion

FERUE AT T, o [ — ERSRAEI of G B 5 0 B A5 o (i M 153 £ 18] ) — BBUREFE
4 FIEIRE

3 DL R - 3 R - SRR (HNOs—HC1-HF) 44 2 1) B ik ¥ e 5 FH s 1R - 3R R — v IR - &L AU IR
(HNOs—HC1-HC10,—HF) 44 R 270 fift S » R FH H I & 55 3 AR S i DG AT AN o AR 4 oo 2% 1 o 1 ] i
RHIE S kT e, WAREEE.

R R PR AU ON FUBOR A S S TR RS A (ICP-MS) 54k R G iEAT F 4k i » DL eI 20N
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SRR TR R IEE, A R AN MU R S TR TP A R TR, R
ABIAL A A IR T, AR T A& T E G R RN R T a8 I 1 IR B b . AR —
SEIRPEVE A, 27 R JSRART B PGS IS 8 i 7 A 5 LR B AR L o e 2 AR T 3R AL AR JT 3R B ARLXT R
IR bR HE i 2T T R E T

5 TFILFNERR

51 FRIEFH

BT HAHE LR T E T T FERAR T SRR T T,
2 AT BT T PR TCP-MSfe 12 Z N T-PORIE, W R RIS S A DUAL  RlidsE S B i SR UK T IR IE T 72
SERETEINCAAR Do [ R AR TR T R T R AT IR AL B 7 M IR AT A 2 3 B A T
VEHEATHER, ARSI B 2 R B T U B TR IE DT R LI SRA . A T AR
FRcS R i ICI PGV R REENE 22 (L (e AU

5.2 JEREFH

ST a7/ - S K LR 1 B e 7 AN TS S I 7 AN /B2 4 A B 7 1 o 7SS P E LB N
YA O, FERAMBERES . WERE. RO A SR It T R AN BT
6 RFIFIRA AL

BRAEFA UL, AT I S8 A5 & [ Ak (R AR gk 7], 5288 K sl il 46 (e i K
6.1 FHER
p (HNO3) =1.42 g/mL, ftZk4li,
6.2 EhFE
p (HCD =1.19 g/mL, g4l
6.3 S&EER
p (HF) =1.49g/mL, %%,
6.4 SRBR
p (HCIO,) =176 g/mL, fitZh4ti.
6.5 FHERIAR
3+97, H (6.1) Al
6.6 FRAERR
6.6.1 BERFEMEER
Blo 8% B AR B B WL BB BR. AR BY. BRI PAICEAAERREYR .
6.6.2 HZRLERAEMEER

2
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p=10.0 mg/L. FHRSERVEW (6.5) FiFtV. Cr. Co. Ni. Cu. Zn. As. Mn. Pb. Hg. Fe. Cd. Se
BTG R VE TP HERE R (6.6.1) TCHIR 2 JC R IR SARAERE VA ] I SE T AR 5T
6.6.3 SREREMWEFERR

p=200 pg/L. FARERRVE (6.5) FaF:V. Cr. Co. Ni. Cu. Zn. As. Mn. Pb. Hg. Fe. Cd. Se
Z LRI EARERE I (6.6.2) FLHl K L RIB S ARAEM R . 78T KT B A UEARHEY T

6. 6.4 RNFRFREMEEIR

p=10.0 mg/L. B '®Rh. ®°Re. *°Pt. *Bi MW FFIC K. AT EAEKIS)E (4 KT 99.99%)
AR CGElEsmaAFD ml. 78T Ea AR TR S, A FONRERRIE R (6.5).

6.6.5 HIrtREFERR

p=1.00 mg/L. HHHIRVEM (6.5) Wik WARIREME &M (6.6.4) LI AR EE M . BT A A
AL R R E AR, ELMANTRN, NARYE TR & EEBRIGERE T NRIRE, — BN
10 pg/L~50 pg/L.

6.7 FER

p=10 pg/LEL1 pg/L. EHIEHZ LI Bey Mgy Y. Co In. TIURIBI TG E MUV MRN BT HE A AU 1B o
Al EAE R SR (LR T99.99%) Big @b Gk maiilFD SATE S, 78 L S iEhs
AV AT RO ) o

7 {UERFIRE

7.1 BEBEFETERIEN

REWS IR A BTV N 5 u~260 u, 73 #1094 = Ab HUE 52 N4 0.6 u~0.8 u. e Al S
AR

7.2 B EREE. BT

BRI AR PFA RG8. #8FBESA O R A, HF & EFKT 0.1%.
7.3 B TFIRE

IREETER (50~200) °C.
7.4 REHEBN

i FEFIA 400°C, FEIRAS BER1°C . VHARALOL IR E A ZE AN 2°C
7.5 TURIERRN

i Th® (800~1600) W, EA nlgmfe=HIThRE, nIXHEEE . Tk 7RI [E] (TR iR R) A0 AR 4ae i 6] D
HATHR T RN, BA%ePiIEe.

7.6 RINECMiHikE

AR 30 mL, HA LT
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7.7 BFRF

/Ny EEAE 0.1 mg.
7.8 ®EM

50 mL.
7.9 R

0.074 mm fL4& (200 H).
8 Hm

8.1 HmEEMRE

ZHHIIT 166F1GB 1737851 F R 34T LIRF T REMLRAT . FENCRE . B H A ERAT IR Nk S it v 5
A5 T 2

8.2 HmFlE

ZHHIIT 166F1GB 17378.5/ % 3K, BUE & I P E T3 i P E R ek 3R b, BrLAEs
Ik E. . AR, EREREAEE 40°C4HT, ARRTEHTHE, 12 mmEEni,
F>2 mmi) L HORH R R L2 mmAE SR, VRS, FIEREENLEEZN, 1 FL4£0.074 mm (200 H)§(7.7), BAJG
FEONBE IR A AR o 5 i 4D 1) 8 3 R 7 B s v v AR e R Pk
8.3 FEAmiHMR

FEMTV, Co. Niv Cu. Zn. As. Pb. Hg. Cd. Se&AESMEIEh %Y, HE5EKR TEMAs. Se.
HO% 0 25 R Ab B8 R SR B Y s, FRREREN0.10 g, T AAA 2 AHNOS-HCI-HF; BrHgsMAF Aot
Z WA R FHIHNO3-HCI-HCIO-HF (B & P 5 42 75 B2 3047 1A ) v fe s R b AT 1LV o
8.3.1 RURIHME

WERFAFREN0.10 gt 33ERE i T T it , N5 mLEE ZXHNO;. 2 mL HCIAI2 mL HEE SR,
THE TR AR, SRR LR, HRE RS EEER, B E50 mLsEmt, B2
B KERZES0mL, i,

1 B RRER

Rz DI (W) -l i 1] (miin) i (C) DREFI [E] (min)
1600 30 170 20
2 1600 40 210 30

8.3.2 RIKIHMR

AEFRREL 0.1g FF 5 1717 55 58 VU S £ AV AR, SR VE AR 2208 HNOg-HCI-HCIO,-HF HIVEI% 7Y
fift, BRI FEFHR IR S5 6 mL HNOs. 3 mL HCI. 3 mL HF T 120°Chin#k 2 h, 4RJ5¥ iR
TH 2 190 CHEEINH 3 hy HEAE W AE AN 2 mL HNOs. 2 mL HF #11 2 mL HCIO,, R il e 4G
BIREFEE 120°C, ZAMREA 1mL-2mL, ¥ ES0mL H&EMF, HEETFKERES0mL, Al

8.3.3 ZHHEMAFIE
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ANIIRE b, 422 085 R AR A 25 A [0 20 R ) ST e = 2 kR
8.4 IKSHINE

FEREAT TCER AT RIS S HEAT S5 /K BN E o 4 R AL 105°CH5 CHRIMAR T 481 h, Bt 5 LB #E
BT TSR ANEEIR, e, ARENAIKL0 g~15 9 R Lgalie, o5 Bak, e Bas A L5
JiEE, FEA0.1 mg. JERCA LA BB AT I 5 7 H0E 105°CE5°CRIMEAT T, T 2EE, A
TR VA RN A RS HET IR E, TR A S KR R — R TR B E AN T ICER I AT

9 TSR

9.1 {N/IFE

RSB RS, AR TR E 30 o FH BT SO VORGSR R BBURE AU 8 UL rL 7
TREAT I, AR REE . AR 7 R AOOCRAT B 7 0 2 BRI, B A iR
R P T &5 TC R AT T 5L R AF X B v ff 22 . <5% o 7RI 7 Al 70 3R 1R 5 B 9 ] A AT o B R IE AN 7
RS, BT R IEA RS B 28 1201 uslil I8 TT R A5 5 1073 HFEEAE 1096064 rmy b Firohf IR ) e 5 i
140.6 u~0.8 UL, o747 SRR A5 FH 5 A 5 6 o 1 A AT AR I

9.2 UEBFESEFH

XA BB W2, HEFE ARG AL R . WFR TR M T A2l L 36 3.
* 2 ICP-MS (23 TAEZ %

ZH RF D& | RFERE HAIE WA | HelH, g AR sk (]
BB A 1500 W 8.0 mm 1.05 L/min 0.1 L/min 3~5 L/min 0.3s

3 MEeR. WNBER. iR TR

Mg | W L T | s | MR L TR
~ . WAR T2 i N Whr TG ER "
JLR b i = 241 B
Vv 51 1032k He As 75 103Rh He
Cr 52, 53 1032k H.,/He Fe 56 103Rh H.,/He
Co 59 1%Rh He Mn 55 103Rh He
195 .
Pt B
Ni 60 %Rh He Pb 208 200 jz He
Bi
Cu 63 1%Rh He Cd 114 103Rh He
195 S
Pt &
Zn 66 "“Rh He Hg 202 209 jz He
Bi
Se 78 10%Rh H, / / / /

9.3 FREZRRT]

I3 MR EL— E R £ TC R AR E RS S TR (6.6.4) T[] — 41100 mLZR S A, F MR A (6.5) M ke 2
BRZNE, W5 . VAR T(6.5) Abn it RIS E s, Sl & 25 MR SRR AER S, bRtk
RYNREE KA. NARFRAEAT A (6.6.5) n] ELE I BIFRHE R FIFIFRE S, nl @l E s I E L mA .
NARRLEFRFEF A S HRILER, BUREE K TR S ENIGE. ERIAEESE%04:00.2), ¥
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PRI R B MR 2 iR AR IR A AL AT b, A O3 (K5 R B O R A A, X L F) i 7 L AT
P AR ) BB A N A B ARt 2o s FHT 2 R 94 P58 3 P AR R0 S S B 75 B AT TR 2
R4 b RIIE IR E

JL#R Co (pug/L) | C; (ug/L) | Cy (pg/L) | C3 (ug/L) | C4 (ug/L) | Cs (ug/L)
V 0 10 20 40 60 80
Cr 0 10 20 40 60 80
Co 0 5 10 20 50
Ni 0 10 20 30 40
Cu 0 10 20 30 40
Zn 0 10 30 60 90 180
Se 0 0.5 1.0 2.0 3.0 4.0
As 0 1 5 10 20 50
Fe 0 10 30 60 90 180
Mn 0 10 20 30 40
Pb 0 1 5 10 20 50
Cd 0 0.1 0.2 04 0.6 0.8
Hg 0 0.1 0.2 04 0.6 0.8

9.4 FFREVIE

FEASRFEINE AT, FIREERIE U6 5) Ik R E A E T ERIL, FFoirE SE R ITHINE.
55 NS HE 25 (9. 3) A [R] A A 33 25 5 2 A AN BRA'E 20 BRAEAT U A0 52 o 7 1O rh Al AR oG 3R RE R H
PRUERTER I, MR BTN E , MR AR R (6.5), MR N 1o

RN DX IR P AEAE S AT RO S IR E TT R, R UL AEAE il RE I B2 R % e 3R AR IR R,
LI R R A il LA T FEAR LI

9.5 SLHWEZTAAEFANE

2 HE 5 350RE A 72 (9.4) HH [R] A 28 225 25 Atk AN A 25 BRI 58 5236 =5 2% FHR A -
10 ZRIUTESERT

10.1 #RtHE

LHAER A SRR AR o (mghkg) B FRBATIFE

_(p=po) XV xf
w =

x 1073
m X Wpuy

XA o—HHEFENTEETTENESE, my/kg;
p—HIRHE I TS AT AR h &R R R IR, pg/Ls
po— I = 2 IR X N & B G R R, ng/Ls
V—JH i Ja R FE I e AR, mLs
m—AREC A IR R, s
Won— I3RS THIR A & i, %
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R RE IR T
10.2 #HRERR

W5 45 RN B RS 5 R PR — 8, RS AR = .
11 BEEERE

1.1 EHE

W2 JF SR O 24 1 VR AT 7N, B FE AR RISCR IR . ARAED) RS0 IESE o s [ A 26 Ji )
I 7E90%~110% 2 [8], B W 52 25 T A0 AR AED) o or 14 B AN o P9 [l Y o
11.2 BEE

B TC R & =<1 mo/kgh, SIS RS S B 48 BiHITE < 156%; #ll o= & =T 1mg/kg~50 mg/kg
B, SO0 R S B NP I 7E <10%;  #IJe 2 & 8 =50 mg/kghe,  SI256 5 RS 28 FE 34 NI E < 5%,

12 FRERIEFRETS

ISEAJE ek % AT R SE IR ) B S AT UE AR AE A it F o f st 2 2 R0 R

BEALRE b 2D NN (RS, B AN T AL — A BREBOA AR W2 EAEN
AT I 925t PR AL T s 7 BR B 1006 B AL T 45— LA Aot B AR 2 1 /19 10%

FER I RS IGHE 2, AT I RHE 2 s AN A>T 4, R ol R P ot LA AR T T 246 v 1)
SR, A R R BN AN T0.999,
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Mt R A
(ERHE)
ZEFETFTMMTFIMKRERIZ
RKA 1 g5 T ICP-MSIE Hh i W 2 51 T8 138, KA. 2 (il TH AP TIEIE 2.
FALICP-MSI 2 5 Wr 2 JR ¥ 8514k

ZRTEF | REN | Z TR | ZETET | BEH | 2 TR
¥gleo* 50 V. Cr S2g,t 64 Zn
¥sleoyt 51 V 130Ba2* 65 Cu
*cIto* 51 Y 132Ba2* 66 Cu
CI®o'H* 52 Cr 134Ba?* 67 Cu
®Arto” 52 Cr “arclt 75 As
Opartict 52 Cr “arclt 75 As
Oartict 52 Cr OAreArt 76 Se
®Arto” 52 Cr Al 77 Se
“artict 53 Cr OArEArt 78 Se
sciot 53 Cr BArca’ 78 Se
sciot 53 Cr “©Ar,* 80 Se
SCI*otH* 54 Cr “Arca’ 80 Se
VAN 54 Cr. Fe OArart 80 Se
OAMN'HT | 55 Mn Byt 82 Se
“arteo* 56 Fe ®Mo'0* 111 Cd
OAroH* 57 Fe “zr%oHt | 111 Cd
$1pleg,* 63 Cu ign* 114 Cd
¥gleo,* 64 Zn %Mo™0* 114 Cd

A2 ICP-MSE HH i WL T B 72

TLER T IE T2

Sy [51IMx1-[53]M>3.127+[52]M>0.353

®As [75]MXL-[77] M>3.127+[82]M>2.733-[83]M>R.757
8250 [82]Mx1-[83]Mx1.009

g [111]M>1-[108]M>1.073-[106]M>0.712

ied [114]Mx1-[118]M>0.027-[108]Mx1.63

208pp [206]M>1+[207]M<1+[208]M =L

VEL “MPRIBRTRA T
VE 20 AEOCSRCA R BHILAIA I T,  FRESE R ST A F IR, 720 i FHuReiE 2.



