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Determination of five heavy metals in coal gangue by ICP-MS with
high pressure sealing
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Abstract ; Five kinds of heavy metals ( Cr,as,Cd,Hg and Pb) in coal gangue are determined by inductively coupled
plasma mass spectrometry (ICP-MS) in HF:H,0, :NO,Cl system.The contents of *Cr,” As,"*Cd,**Hg and **Pb are
measured.Four internal standard materials ,including S¢ (*Se) , Yttrium (¥ Y) ,In ('"®In) and Bi (**Bi) ,are used to
correct the matrix signals and restrain the drift. The accuracy of the method is verified through determining China’s
national soil standard samples ( GBW07450, GBW07446, GBW07453, GBW07454 ) in Xinjiang, Inner Mongolia,
Guangdong and Shaanxi.In the range of 0. 1-100 ng-mL™" for Cr,As,Cd,Hg and Pb, the linear correlation coefficients of
calibration curves are all greater than 0. 999 5, and the detection limits of analytical methods are all less than 0. 031 ng-
mL™".The relative root-mean-square deviation (n=11) is less than 3.47%  and the ratio of quality control results to
theoretical values is in the range of 95%—105% as this method is used to analyze actual samples.
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A oTER I L A A s
WCTL (GFAAS) ™™ I - IR (FAAS) 1 X
SR —TE I (XREF) VO R0 e R A 5 B T A -
JET & S (ICP-0ES) ' 45 Hi XRF #6 H
FRAF NI 5 , GFAAS il FAAS J& T~ 206 T 2 A0 %of
JIEY , ICP - OES £k M 2 25 Bl AR X % 5 1 2 o0 K [
BNy T ICP -MS s B AR K. ik, 5
GFAAS F1 FAAS ¥  XRF ¥ il ICP - OES ¥ 4H e,
ICP-MS %O FERZ & it G a5 h s 21 1
R B ICP - MS 8 A B 54 I3RS B
e A BR AT | 22 O 2R PR A B SRR A

AR 3R 1 R % P IR Ak R - 1CP - MS
JrilE 1A B R 5 R A R AT K
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1.1 1%z

TG LR N 28 (E R DU L L N ) 230, 0 mL,
AT R RKAR AN A B 25 A BR A 5 ST 446 - VYIG-
9420 B HUIMAZFERMB AT PR 5] 5 Sl i 4 &5
JF946-2020 Y AREET K e ¥ TR Hal
KA Milli—q | 36 [ % BRAE N ] 120 b7 K
ME104 B # 5¢ 3 — 6 F 240 & A R 2 w5 10P -
MS: FEER T R o br X7 #Y, 55 [ 28 B R B
NI
1.2 K7

BV 2%, iR (b mtfb 2=l e 58 i) s BV I
G, 2R (LA 2RISR ) 5 AR 90, SRR (75
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Pe b TIRAR A FRAT]) s AR 9, i AL A (L sifb T
J7) ;1 000 mg/L, LICERE Al 50 OK A B 52 6
FEARIED) (I A Y B 58 0y ) 510 ng/mL,
P Co T1 Li Y Fl Ce IRAIAW (£ Agilent 24
A]); GBW 07450, GBW 07446 . GBW 07453 . GBW
07454 , T3R5 53 Hr bR HEY) T ( M3k 4 35 b 2R k27
WA HFSE 0T ) 518. 2 MQ-em , M4 /K (B 4l K G AL
Hl) . LR AR AR LR 3~4 h J5,
Al K R Wk 3 R, SRR LT A
1.3 LWAHE
1.3.1 ®mgRE

TRBCTCRAT VB 50 bR VA TR B2 53 301l 1 oy
0.1.0.5.1.0.5.0.10.0.,50.0.100. 0 ng/mL, /)5 Jy
2% HNO,, 73 51 BURH B A4 B BT 3R Y 8% L4 L
PR VR 2 2 A

KR e T AR B Wk BE 43 514 0.1,0.5, 1.0,
5.0.10.0,50.0,100.0 ng/mL, 4" Jii & 2% NO,CI
(3HCL:1HNO,, T IA]) , BORH AR R ) B 0 3R R A i
VSRR R AT

TRBCTC R B L R Y BRbR T AR 5 35
10 ng/mL, A" A 2% HNO, , 43 5 BU R AR B B 2
TCERBU AL R B bR T T YRR T A A

FAM TR BN FR PR HER WA 10 ng/mL, A1 BTl
2% NO,Cl, SR I AR 570 2R Bl b v Vs TR o
AR

B B R B TR I AR AR T VR VK B 1000
pe/L A Bk 2% HNO, ,

R IMBR AR E R WOR EE A 1 000 wg/L, 41 T
2% NO,CI,
1.3.2  HASRH S

FEAICE K FSEAT A 1L, R A AR R A
B, 18 A B T A AT A R O
o fEm R B InAARAR IG 550F F, mT A iR it
KFELE IR | R TR PR R

I g SRR T AR R AR
JFF IR HF :H,0, :NO,CL1(3 :1:3) IR MR L], 4
FEAEEMA 3 mL HF 1 mL H,0, 13 mL NO,CI, ¥
HCE 1B R A R SOV E , B aE B AL
A THE 180°C ViR BT H] 4~5 h, REHAAR 82
WG 2 AR, TR G RR % i
+ EEER B AR 3~4 K, HEN 3 mL/IK 3
AT AT L o AR AR T UL 4% 1 7E 100°C, RRFE
MAE R 1~2 mL BT R R E R, BHER
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W (2% HNO,) B4 ZE 50 mL, RHANRE TR0 42,
RN B bR VA TR AE Ry =k 000 4 10 0 T VR, E
AR T AT, 25 R,
1.3.3 BBAHK

% P - TR Ak — i — i Fe R AR I [R] S 800k e 2
A TR 0.5 hyfH 3.5~4.5 h; (R 1~2h &
ik, ICP-MS [ TAESE WSS TAES 5L
AAFTTIEE T 100 W, HEFEFEE 0. 8 mL/min , i B &
APt 0. 8 mL/min, R HIFE Ui 13. 5 mL/min, 55
A E 0. 75 mL/min, B ERE 3C , HE N =
3 R A5 EA T TE] 200 ms ; SR B RE R AL RS fL b
ICES RN SR
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NP Z AR, A Z R i,
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BMRGTRBENEZE IR —, BREHEHR
ULPE 1A A7 R 2 3 %
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LA A SCIH B 51 40, LR AP0 L R
A S 276 R 48 508 WL ARV R I A S
S BE , e FE AR AEHE R ) Tolk B AR 4 v, AT
A7 30% A A7, HAAFERAELL 3x10° t DL L i
BN BT Tl R A A R | i A R K
AR A 25 B IR SRR 30 78 JE I, 2 4 [ 45 0
AT g e ) 51, P [l R ™ 5 R E AR
RHERGAIRMMAHNEERNEZEZ —,

2.2 BEZFHAHREFXRRBENIEE

AR PR 3 B 5 40 ) L AR |
IKIRA IV 28 (e 2 A ) B i inle 5 9 %oF | 34
M e 2% AL RO 3 A A AT i 4 43 1)
P DON AR PO AT Iyl LR W S N i) i
fRh AL AR TC R A, T B AT o0 il
Ak R . SRR SUAE I o AR AR AR AR
/0 AL I R 0 1 T DA B B it e AR
— B R AR AR = R TR R
B PRCRANGT | S8R 5 43 RO AN G DA Bl I 21
SRR g5 A L 2 A AR SR
[F] 81, AR S0 BE B e s 285 P A Ty Ak 38 A o S
TEERE S ERG FRZ %4, WIRIEREERER B P
FURERE TC R IOV A o0 ) B A R SRR R
IKAE Ry A R A 2R (RVRIR o

AR (HF) :XE K (H,0,) : F/K(NO,Cl) A
[FEA LB e 55, 5 — 41 1 mL HF : 1 mL
H,0,:1 mL NO,Cl, % — i 3 mL HF :1 mL H,0, :
1 mL NO,CI, % =% 3 mL HF : 1 mL H,0, :3 mL
NO,Cl, X} 3 ZHA[A] L TR R A4 & v fin AR A
st P o [ AR R AT 0 s o, 20 BT T o 4
il 0 25 55 B 1 1) EU AL, R 2 23000 /I AR i R0 R
e, MRS5S A T DL Y S5 — AR 3 — 41
TRR R R AR BT A b B 5™ 4 5 K E 4R
ZERGERRKT 5%, KM = HIRRIKERERT A
5 FhOCER BTSSR R 25 I TEL5% VAN . S AT
, AT RE SRR A rh R R & i 7 L R TR B A
TR R ORAF 5 P EE 4 R R M R N S 80 oK
THFEE K, AR AR E , He™ /He B T4 HoA Wi
RN, H Hel' fEBfRA & He A1 H™ ™ [l 1
A PRI TS LR MR 2R B TR 2R
SHAE AT R IETRIA R
2.3 RIERIERE

M T A HY H,0 DL R 3
LB, A T T R T B 22 SR B B RS I Y B
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IR BVEAEBTRE TE , A SEER A X R AR A
ZEFWE, R AR R TR B /N S > e %
FFAF T FHOCE (R ER) . . Cr o &R, Al
FEOT R RS PCr(5.19%) | P Cr
(100.00%) . >Cr (11.34%) . *Cr (2.82%) ; As JC
R, P FHOCE TR PAs(100.00%) ;Cd TTE,
ANl 0000 2 B T B A3 5 °Cd (4.35%) |
SCd (3.10%) . "°Cd (43.47%) . ""'Cd (44.55%) .
"2Cd(83.99%) ' Cd(42.53%) .""*Cd (100.00%) .
"°Cd(26.07%) ;Hg JTTER , ARIHFHOTER KHFE
Iy %) K Hg (0.50%) . "““Hg ( 33.39%) . “Hg
(56.50%) " Hg (77.36%) . Hg (44.14%) . *Hg
(100. 00%) \*Hg(23.01%) ;Pb LK, A FH T4
JC R K HFEE A Pb (2.67%) ., **Pb
(45.99%) . " Pb (42.18%) . Pb ( 100.00% ) ;
I, 2Cr P As " Cd P Hg F1 **Pb B FFAS [F]
THOTRE AT,
2.4 FEWMAS (NER) di¥ B rYiE

K AR ZH 23 (bR ) 2l B, ol I A5
RS RN SRR AT A R0 b A TE R | 7E S R
IR P RRN AR 2 5 ( AR ) 268 XA
[Fi) Jot S 5 A T 2 AT AN [R] A TE RS, A 2R A ] [m] —
JEBEMILE 53 ( AR ) S04 JoXT i A R I T 3R AT AL
1E, 25 ] BE 2 5 B s 0 A I a2 25 R I 22 4%
KO ARSI AR W ZH 4y (N BR) 4l TR A gk
J ) A5 0 TG 2R 8 49 1 2 M 5T AR o KRR O T
JLE,

B “Se . PY ., "PIn 1 2UBi fE R AEBLIN AL 4 (N
i ) A SRS TE BRI 7 A B S 0 X AT A v 5
Pl g B ICHR AT 3 YR IR A5 4% T 3R [R5 22 % 1 AH
PRI (%) , BAREE R IR 1,

25 E TR A AT 5 SR I AR it Kkt g
P TT R A G 53 0R PSe (PCr) PY(PAs) PIn
( 114Cd) ﬂgﬂ 209Bi<202H gﬂ:ﬂ ZOSPb) .
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R 1 AFWNAS (NAR) A FETIERE %

JLHR Cr As cd Hg Pb
Se 1.1 2.1 2.3 2.0 2.4
Y 2.5 0.9 2.6 2.8 2.2
In 2.3 3.0 1.2 2.4 3.0
Bi 3.1 2.9 3.3 1.0 0.7

2.5 FEMELHETRERAHR
TiVEBIRNE T A 23 Bl L R A H PR A 2
PR, RS T E T Cr As (Cd Ph {RACIC
R AYPRIE T AR AN Hg BRAR IC 3R A i TAE ML
[ s X6 2% FaGRTINE 11 3K, J7 ik AR HR BR DA 7 445
B 3 ARG 2
R2 S (FRSEEEXRE) FGHR

e . LR/ *E%é oz H R/
(ng-mL™")  FRE  (ng-mL!)

Cr  y=4995.5x+4347.6  0.1~100  0.9998 0. 0310

As  y=579.89x+129.66  0.1~100  0.9999 0. 0200

Cd  y=2957.1x+116.94  0.1~100  0.9999 0.0110

Pb  y=3719x+842.7 0.1~100  0.9999 0. 0230

Hg y=987.14x+113.05 0.1~100  0.9995 0.0130

H#% 2 Al 41, 76 0.1 ~ 100 ng/mL 8 Bl 4, Cr,
As Cd Hg F1 Pb 5 MOCR LM C R BAF, BRT
0.999 5,4 HFR7E 0.011 0~0. 031 0 ng/mlL,
2.6 HBE BEERERDW

XPERT AR 5 Rl B oC R PAT 11 R
ARAT T ARG 5 B 5 () Bl e ) L NS LT
AR B 4 [ 4 AR 3R Hb X AR o RE S (GBW
07450 .GBW 07446 .GBW 07453 .GBW 07454) ,#t1T
D7 B HERR PRI IE, 45 R L3 3, DL RCAE ARG I A
O G B [ AR A O, R AT B A T A5 R S
WIE A LR RIS R R TR 4 1,

R3I HEHEHEIR

B HHRME/ (pgeg™") WA/ (ng-g™") AR 22

e GBW 07450  GBW 07446 GBW 07453 GBW 07454 GBW 07450  GBW 07446 GBW 07453 GBW 07454 L/ %
Cr 55.00 25.00 62. 00 66. 00 55.82 25.23 62. 68 67.32 0.92~2.00
As 9.70 6.20 15. 80 12.90 9.87 6.32 16. 02 12.97 0.54~1.94
Cd 0. 139 0. 058 0. 106 0.175 0. 141 0. 059 0. 107 0.177 0.94~1.72
Hg 0. 0200 0. 0070 0. 0750 0. 0430 0. 0205 0.0071 0. 0760 0. 0440 1.33~2.50
Pb 17. 00 17.40 40. 00 22.00 17.31 17. 64 40. 57 22.29 1.32~1.82
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x4 HERAMERFTENBEHELR

el RSD braiiniks Ml B mEiRs
(pgeg™) (n=11)/% (pg-g') (pgg™") %

Cr 13.020 2.06 5 18.12 98
10 23.52 95

15 28.17 99

As 2. 830 3.47 1 3.81 102
2 4.85 99

3 5.95 96

Cd 0. 580 2.56 0.25 0. 84 95
0.50 1. 06 105

0.75 1.31 103

Hg 0. 085 2.35 0.1 0.19 95
0.2 0.29 97

0.3 0.37 104

Pb 18. 660 1. 89 10 28.96 97
15 34.11 97

20 39. 06 98

H 3 %4 7%, Cr As .Cd Hg 1 Pb 5 FoT 2
K FH A J7 15 1 A0 X e 22 B 3 98 B FE 0. 54% ~
2.50% MR AR 2ZE/INT 3. 47% , s il 45 R 5
PRISAE Y ELAEYE I AE 95% ~ 105%

3 #ig

BT P 5 0 5 R AR (B L5
RAET) AR BE HIREE GEREN R EH
AR — , [ R R A T AT A 43 BHRR
EENTEFAEH, LWL REMN,3 mL HF 11 mL
H,0, :3 mL NO,Cl 1R & HRIARZ FH T 5 He 2% P R Ak 34
ST A A B 25 ICP - MS FH T 5 A A v 4
B B RORIOR 5 R E R E SR TR Lk
JEE A RE R B 2 BT A AG I o AT R [ A
DUZH 53 ( NAR ) SE9 55 1) A A SR T (AR 4350
FES WS . K% 0 TR AR o
A EYRIE U T A R Ak,
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