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W o R 2 A AE 22 57, Fob Be  Cr Ni | As |
Cd.Sb, Hg, Pb 23 XJ {t KR F1 3 558 /7 £ A F] 52 Wi
H ] [ R R R ot 22 4 T B M B S ) T Y
PR ) (GB 29225—2012 ) X £ it 45 I 780 M1 4 5
F-rAs F1 Pt S EALE T RESRHE As<3pg/g,Pb
<A0pg/. FFZIL(USPI0) X PEZGZEMI M e +
h As i Ph 0 3 BE B T R ELRRE As<2ug/g, Pb
<10pg/g, V.Mn,Co,Cu,Zn Mo, Sn, Ba {E K"
P 1 ik o0 B B i LR RE A VSR 7
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PRS- E 4 8 Pb R As, JoE B 44N R
A TR E P R AR RS (B R RB AT IR B
ST AR T BT . WRIA S SR AAS 3%
e 1 MRS L R TR Pb A Cd, SR A
AFS JEINE TREFH IUR As Hl Hg, BA REUE = 1Y)
O3 HTRE AR A 5 15 00 A U R A R Y 4 B
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A R Y R R R A A R, TR A T A
HAREN T N S HA A M R — A,
ICP — MS FIrfEAE i THLATIoR & 7 AR o iR 22 1Y 2%
oM AR . AlEARE/ KON (CRC) £ 4 ICP - MS 7K
BRI TSR At 138 Oy i, (E R A A A RE T R
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A S T i S AR R T AS AT A4
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A EFRBRZ A SEIR AR b 45 0 o 1.2 1Y
PN R G AR R ETLIRIT IR o FF MR +
WP I 74 i, 7 105 CHERG AL 2h J5 A T4
g o FREUIET A M R 3 A i 0. 2g (S 1
#0.0001g) , fin A 2mL 4K, YA 3mL
fHR I mL R R 2mL ZHIR , 1230 12h, $Z 38 1Y
WO IR S BGH AT R . THRES R 6 BT EW]
FRARE o T 00 TRCFI VR T T 20mL 3R AR A B
FHRBAK T 78 5 20, Hi45 100 f556 BEAE S IA T, R
FHARTRN A 5 045 25 R, el
1.4 905J5ik

B 0. 0wg/L.0.05 ~5. Opg/L(0.05ug/L
#J As .Cd.Sb Hg,0.5ug/L i Be Mo .Sn .Pb,5png/L
) V.Cr,Mn,Co,Ni,Cu,Zn,Ba). 0.2 ~20pg/L
(0.2ng/LFJ As . Cd . Sb Hg,2. Opg/L A Be Mo ,Sn,
Pb,20pg/L #J V,Cr Mn,Co ,Ni,Cu.Zn,Ba) 1.0 ~
100wg/L(1.0pg/L 4 As Cd . Sh Hg,10pg/L f) Be
Mo .Sn, Pb, 100pg/L # V,Cr,Mn, Co,Ni, Cu,Zn,
Ba) 5.0 ~500pg/L (5. Opg/L #J As,Cd, Sb, Hg,
50ug/L B Be,Mo,Sn,Pb,500pg/L #J V,Cr,Mn,
Co \Ni Cu.Zn Ba) RIS bR, 7R U0 ALY 52
B AR R ICP - MS/MS ATl , UM ron R
W5 3R (cps, BAMTTHED) 5 NARTCR (S SR
(‘cps ) 18 PGB B HE VA VT XE 1L 1) 93 ATy TG 2% 18 Y B2
s I 2, 7 20 A e R bR ERD 2k, FEAR ] 4%
PE I XIAE A RO 25 VA WA T I , AR
WHAITCR S R I s e I E jiT 4 18 ]
PRENARIR & T B HERTEL AN 1mg/L 1Y Li S|
Ge Y .In Th Bi ARV ; M BR He AIICIZR0,
JITA 3 M 5 WUTE D 5 i AN 200 g/ L Y Au A5
W

2 gikbie
2.1 PRI R

[11 T A2 2 4 1) 2 2 S 2 A Si0, MgO Al
ALy O, A A FH A% e ria £ T e, o Jom A 285
30min FF AWM SERER , H T R AN BE 5E 4 1 i 1]
MR T IR VR R AR . BT R
WY, < o 2% T 8 3 e 288 o [) R L A T 4 4 2
TCEH AR 2 3 B0 7 T R AR e
A RURRAR B A T R R R RE A, AR -
SRR R S RN 1 MR R TR AR
JUCRE 77, 28 B T i BE P0G 2 A [T 4 b A
X TFOCE He (I 5 15 5w FLRs G M2
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FHE SR TR, RO AR E T .
F1al LA, i o oo R B9 5 R &
(=97.0% ) , T 58 3 512 Y B3 1 4L 7E MS/MS
N i P S R AR RE AT SE MBI PR . G, A
TR PEFERHIR — SRR — R N T A, 2t
RIS A IR H R R SR T TR S
IR MR E LT o

# 1 AR ProC RIS R

Table 1  Extraction rate of analytes by different digestion acids
AHTTCRITRIBE (% ) IIHTICR RN (% )

TR _— AR - WA - R X _— iR - AR - Shm

" amm - awam " amm -amm

Be 55.3 97.2 98.6 As  48.4 101.0 98.1
vV 68.3 101.0 97.5 Mo 73.5 97.4 102.0
Cr  76.5 96.9 101.0 Cd 81.2 96.6 98.2
Mn 90.3 101.0 102.0 Sn 89.7 98.1 97.0
Co 71.8 98.5 99.3 Sh 63.0 102.0 101.0
Ni 75.8 96.6 101.0 Ba 80.3 97.7 98.3
Cu 57.6 100.0 102.0 Hg 72.8 83.6 98.0
Zn  74.0 97.5 98.4 Pb  40.6 103.0 97.5

2.2 JRig LSRR

TE T A A A, MR A i B e R
BT U R R ST R & T
5, % A b (m/z) <80 A7 R V.2 Cr® Mn
PCo " Ni \® Cu.*Zn " As ¥ RE T /™ & T #t; % F
"Be® FEZFIMABEME T 0" T X F m/z
>80 IEJ ,fj[‘ /\95 MO\UI Cd\llg Sn\121 Sb‘137 Ba\ZOZ Hg‘
Ph, e W a2 R P B Z B H ALY B
79Br160+ \95 MO 160+ \100 MOIX 0+ \105 Pd16 0+ \121 Sb
0 W0 P00 T, B FRIME"O
F R HARMEIE O 25 70" * " Be F1'"*Sn %
)1 FHE AT LAZBE AT 1 M R £ Mo, Sb 1
Fr b T K P, Br Pd W Os 185 40 TR &
KV FEAR LR Z544 T, Mo . Sb \Br .Pd W, Os JE A%
1 7= A (4 R 5. 60% (26, 2% 9. 36%
1.06% 5.59% \7.23% ) , i 32 2 () T4t n] Z 8 A
Tto B, ASLE XT3 &R Be Mo, Cd  Sn Sh,
Ba Hg .Pb R FI PR AT (SQ, Q (N HA B 13 AL
fig) B TS R (CRC Hh TEA M) ST 52 5 %
F43#r76E V. Cr Mn,Co Ni Cu.Zn As 3R ] H Bk
i (MS/MS, Q, . Q, ¥ 1A B F it U Dy fg ) A2k
FFIE

1E ICP — MS/MS 43 #1 H, O, Fil NH,/He ( H
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AP A LR A5 B IR R B M R R L R T R

740 %

He 2% oh30) 920 T B B35 T 40 55 5 I SO <
PRS2 0 AR RE R FH Joa 12 4 4% B 07 5 i T R T
P, FE MS/MS BER, Q, REXT K H 45 Tk
(i, BHAE R &3 T3 85 3k A CRC, fif CRC
DAL R A 1 s ey 728 A TR B AT 4, SR TS R Q, %R A
CRC H LB UG g , R THE MR ™ . A
SEE e FE O, M NH,/He Sy Sz <, £ MS/MS
MR T #2IEE V. Cr . Mn,Co Ni Cu.Zn As 75
SN0 T B T T 8 , D 45 R 3% 2,

W 2 PR,V HE O, OSSR FH o
B AT I ik 63.3% , 1 5 AR (BEC)
K= 3. Tng/L, RWIR T O, ot e ¥ 125 BE AT A% B
T 78 NHy/He SR, SR IS4 5 12 325
RAFV =T 0, OB, {1 BEC I 0,
VAR T — A0 9%, ik NH,/He J0 T
FEME V4 F2Crt PMn* P As”, £ NH,/He X
RERE T 7 R AR T BEC Fe O, J il s
ek O, i RS 35 I 52 Cr Mn As;” Co ™ £ O, ]
BT SR FH T e B 10 4R A5 1 7 %628 5 T NH,/He
KA, T BEC BEAIET NH,/He Sz W=, 0 i
O, R RS T 52 Co; NI ™ 78 O, U B ik ™
FH1 BEC #J 1t NH,/He 5% 3:5, HT NH,/
He Sz A5 A7 28t i 1 JE 00 oK, PR s =
FBATFHF N pgI g, IS BR B TR RO K E L I
6 NH,/He Ji 55 B35 00 52 Nig Xt Cu™ A1 Zn "
FOIIAE ,7E O, B T 1 P R I AR A 4,
I BEC & F NH,/He Jz N5, L1 NH,/He JiT
PRSI Cu Ml Zn, B IL, ARSZEEXFF Cr Mn,
Co As [N & R O, e i A=, i % F V Ni, Cu,
Zn B E R NH,/He Sz AR,

ME 1 AT RLE H, Cr Mn Co As il i Q, JHFR T
KT, 3 A CRC J55 0, i AE LA B i) A

2Cr' Q =52, 55, 59, 75|_| Q.=68,71,75,91 *Cr'*0*

M s | MO

‘“’CO‘ L 9C0!60

PAs’ — SAS10

0,

VT Q =51, 60, 63, ()6I_IQ =51,111,97,83 'V

6 > 2 ? - 60 M

o
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Bl 1 AR BT TEBR S TP e

Fig. 1 Working principle of eliminating spectral interference in

different reaction modes

PEs IR T4 VN Cu Zn J@ it Q VHBR K& T
PHEA CRC J5, H17F VA5 NH, kA Rz, #
PeEs 15 NH, Shy & F I A o 6 ik 647 I 5 , i
Ni Cu Zn 5@ 5 NH, Az 57 i 56 B8 S5 1 A= it ]
TR IR T
2.3 srbd R faEtk

TR ot 2E L S AR U TR TR L B 2 LT VA A o
St T AR R BRSSOV 2 3 B (5o I [ 5%
TR Hg FATEICICRUN 2 S B (s TR B BT
W, E AR A R AR T bR
Heg BICICRUN , BT A W A 200 wg/ L. El"J Au B3
VTR 5 SRy B R AR, T A T T AR P
TER TIRGHELAELMA Tmg/ L INARIE I, AR
i o FRAH T SR ALY AR T 2R e U, Aot
A Be 4% Li HNARITR, 076K V. Cr Mn Co,
Ni Cu.Zn As $EH% Sc HHNIRITER, 4T C R Mo,
Cd Sn.Sb Ba #&+4% Y HANARITEK , 73 Hroc R He Ph
VEFE Bi NARTCR o [REGIEI P INA 10ng/L 1)
Be .V .Cr Mn,Co Ni,Cu,Zn Mo Sn,Ba ,Pb Filug/L
(1) As .Cd . Sb Hg {R-AARUER K , B B]FF 10min ] 5E

2 AEMS/MS BEXF W SRk
Table 2 Background equivalent concentrations ( BECs) of analytes in the MS/MS mode
0, JZ it NH,/He 2 Jij 55X
GilivA S FETH
YIRS 7% (%) BEC(ng/L) PR T 72%(%) BEC(ng/L)
SIV 35C1160, 36Ar15N7 36Ar14NH, 37C114N 51V160+ 63.3 3.70 51V+ 53.2 0.34
2Cr OA2C, BCI0H, * A0, BAMN S2¢plo0 17.5 20.2 2Cr(“NHy) S 0.63 19.7
55 Mn OAMNH, VABN, ¥ALF, BNal®0, | SMn't0* 16.0 9.15 SMn(“NH;) * 0.34 26.4
¥ Co HMg® C1LYAF, 0CaF, YAMBOH | ¥Co0 23.0 2.88 ¥ Co("NH;) S 5.02 3.52
ON;i BNa¥*ArH, 2 Na¥’Cl, #Ca'®0, ¥CoH | “Ni'0* 13.0 7.12 ONi(“NH;) 5 3.91 3.84
SCu B8i335¢l, BNa'Ar, 2¢°0%Cl Scu'°0 0.85 46.1 B Cu(MNHy) 5.38 40.9
% Zn ¥Si7Cl, #8190,, ¥Ca®0, YA Mg | ®zp0+ 2.68 155 7Zn(“NH;) * 2.05 82.0
5 As OASCL, OAPK, SAPAH, ¥Co'®0 | PAs®0T 56.7 8.63 S As("“NH;) * 15.1 41.5
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1R, 2h RIEINRE 12 0, 5% T 16 MOCERAE
AP ETE, &5 R NI 2 B, FrA oo R
IR — A5 S 3B E 1.0 0. 1 JEHIN , RUE =
S LI/ Bl R AR E PR

1.25

—=—Be -V —aMn -+ Cr
1.20 —-Co —<«Ni > Cu —eZn
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Fig.2 Two — hour stability plot for 16 analytes in sample solution

2.4 RPN

AR E CRC R S AR BE 500 51
PRI B . 2 RN R A IR, BT R
NEANTE 4 BT BRI, 1 B A< 3 =
M2 BEAR A3 BT B8 F I AR A e, DT B AV 43 BT 2R
5 AN U5 T A7 10.0 o A W R8s ) Y L
(1] 'y AR 28t A TR 1Y) 43 21 B ( MgAl) 5 Sig O, (OH)
(H,0), «4H,0, 3% (V/V) 58 +1% (V/V) Ehig
+2% (V/V) AR A A L i 5 600mg/L 1y Si,
150 mg/ L) Al 100mg/L /) Mg & G AR E R, K
FEADAE i 5 W, A 10pg/L %)V Cr Mn Co , Ni,
Cu . Zn As FRUERIR , 5% O, KON it 3%t Cr Mn |
Co As JFr B LA K NH,/He J2 R SNV,
Ni,Cu Zn Jikg TSGR A RE R, 25 R & 3 fis .

350
(a)
300 F Cr
[ Mn
250 s Co
< 200 A
¥
= 150 |
N
100
50 |

0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50
O, i (mL/min)

(I N 0 VA ¥k <l N T o T 15| L DS

H1 & 3a A LLE H RS O, T 3 K, T
W ER 4 A 0T TG B INAR [R5 24
ik F] 0. 30mL/min B} ,4 4438170 R 1 IR T
100% , i J5 fa T VA3 B PR HToe 2 1 THE B
WG, AR BEHE O, i N 0. 35mL/min,
3b ATLAE th, B NH,/He I3 934 K, 7% 24
T BWIE I 4 D e 2 1T 0822 /0N, AH R
TR RHSCR B 8 /N o 24 NH,/He Ji #i5 5]3.0
mL/min B, Ni ] [BISCREZ T 100% , 1 Hak =N
F I [ R AT AR i 5 29 NHy/He 3 335 3] 3.5
mL/minfif ,Ni Cu . Zn ) [R5 58 100% , 11 V 1Y
(G105 5 fit 5 5 24 NH,/He 3 3 ik £ 4. OmL/min i,
4 AT E I ISR BRI 100% , Bl )5 #1175,
FUTRC AN H L, A5 % NH,/He
Fii# A 4. OmL/min,

2.5 JjiLSeENGH A PR o i

RAfE B 1 (40 3 W7 76 28 2R 80 s o 7 YR A S A A
2, I VAT 4 i, ICP - MS/MS H i 1)
MassHunter “T1E 3l [ 3l iy th 26 M B, 45 22 0L 3% 3.
FA TCRAES B IR MEE B N et o0 R R AP, 2tk
IR $0=0.9997 , BUZs FVETGESL T 11 1k, 3
A TCR PR HEIR 22 , LA 3 A8 1 O 22 B LA o i
LRI ARLR N UER I BR (LOD) |, DL 10 f5 b ifi i 22
BRUARE M R AR A oo R & IR
(LOQ) ™. % 3 W[ L th, A4 J7 ¥ 19 LOD
0.13 ~51.6ng/L,LOQ 7£ 0. 43 ~ 172ng/L Z [i], o] i
JE I G A R DA RO B e R A BT R
2.6 [HREbMESEYIR Z K0S (GBW07105) 4 Fr

H T i AR AR T R A E R AR S Y
JBT, AR S B 5 T A 2R b o3 2 AR AL P [ 5K

350 (b)
v

300 o Ni

250 . Cu

1.0 1.5 2.0 2.5 3.0 3.5 40 45 5.0 55 6.0
NH,/Heifi # (mL/min)

Fig.3 Spiked recoveries for analytes under different reaction gas flow rates
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AP A LR A5 B IR R B M R R L R T R

740 %

PRUES W) it 2 A (GBWO7105) B A I 6 1K
(Mn A1 Ba J5E A B 10 475) , B ukAS J5 3 i HE )
PESRTEE, Z R R 4. a4 Hron R
EH S PR ES 5 ) I A I RE (A — B, AR X R 22
TE =9.60% ~8.21% Z[a], F WA T ¥k I HER P4 5
FICR A bR i 22 (RSD) <5.93% , WA T7
LIRS 8 R
2.7 IEERG AR S B

K ICP - MS/MS 734>k A TR I 9 5 4~ 1]
PRRRG AR AR (FEAR S 1.2) , R ARUE A 2
AR ECoIT , AR Al B A2 6 U, AT ¢ Kl vk
XTI BT A R AT SE T 0. RS T LA
A MRS A 16 Bl LR SR IR
T 100pg/g, HoH As, Cd,Sb, Hg #y & & KT
Lpg/g; 75 95% BAFREK-F T, BREERD 2 TR Ni
PASE, AP35 A T s R e & 22 5+ (p >0..05)
RATT R AT aE . S IRE AR i Z 2R K
PR BT ES IR M AR 1) (GB 29225—2012) H
As<3png/g.Pb<40pg/g MBRFEARHE, B4 HERS
T EGRE SRR I TEOR,

3 HOCRI LG AR e R

3 i

A7 T ICP — MS/MS il 5 M1 # 2 + v 16 Fif
ML ITCR T 7, R AAHIR - SR - 2R N
TR A TRRT MM B - R4 7 3 0 3 A7, R4t =5 40 B T
R AR e, I TR Y 2 BOR Ak
FaE K (=97.0% ) , 31 % A ICP — MS/MS #f
TTE . SIEGN) ICP - MS PiAH Huds , AR Oy ik R ¥
T ICP - MS/MS i WA= A3, A O, 5 by 452 5X
F1 NH,/He [z #5829 B3 B i TR AR, 48 m 1
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Table 3 Linearity, limits of detection (LODs) , and limits of quantification (LOQs) for analytes

- LAtk LIPS LOD LOQ - LAEVEH HHICREL LOD LOQ
R () (R) gLy gy 7T (ne/1) (R) (/L) (ng/L)
Be 0.002 ~50 0.9999 0.71 2.38 As 0.006 ~5.0 1.0000 1.90 6.34
A% 0.001 ~500 1.0000 0.13 0.43 Mo 0.015 ~50 1.0000 4.22 14.1
Cr 0.010 ~500 0.9998 2.86 9.52 Cd 0.003 ~5.0 0.9998 0.94 3.12
Mn 0.011 ~500 1.0000 3.25 10.8 Sn 0.022 ~50 1.0000 6.75 22.5
Co 0.001 ~500 0.9999 0.44 1.46 Sh 0.020 ~5.0 0.9999 6.10 23.3
Ni 0.017 ~500 0.9999 4.95 16.5 Ba 0.017 ~500 0.9997 5.21 17.4
Cu 0.022 ~500 0.9997 6.32 21.1 Hg 0.004 ~5.0 1.0000 1.33 4.43
Zn 0.17 ~500 0.9998 51.6 172 Pb 0.006 ~50 0.9999 1.84 6.12

#4 ZRAEEFFIESEWT(GBWOT105) 1y Hrai Rk (n =6)
Table 4  Analysis results of basalt national standard reference material (GBWO07105)
- TAE(E T 4 AHX 1R 2 RSD - INEE 5 AHAT R 2 RSD
e ) (ne/e) (%) (%) e (ne/e) ) (%) (%)
Be 2.50 £0.40 2.26 +0.10 -9.60 4.42 As 9.10 +1.20 8.73 +0.49 -4.07 5.61
A4 167 £11.0 174 £6.44 4.19 3.70 Mo 2.60 +0.20 2.53 +0.15 -2.69 5.93
Cr 134 £11.0 139 £3.78 3.73 2.72 Cd 67.0£16.0" 72.5+3.01" 8.21 4.15
Mn 1310 £61.0 1330 £51.0 1.53 3.83 Sn 2.00 +£0.40 1.97 £0. 11 -1.50 5.58
Co 46.5 +£3.40 47.2 £2.30 1.51 4.87 Sh 80.0* 82.3+4.70" 2.88 5.71
Ni 140 £7.00 143 £5.92 2.14 3.70 Ba 527 £26.0 538 £19.6 2.09 3.64
Cu 49.0 £3.00 51.6 +2.83 5.31 5.48 Hg 6.00£2.00" 5.51+0.28" -8.17 5.08
Zn 150 £10.0 158 £5.07 5.33 3.21 Pb 7.00 7.23 £0.34 3.29 4.70

TE: BRTE® = " IICE S 5 A ng/g.
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5 MRS TAEMI BTSSR (n =6)
Table 5 Analysis results of attapulgite samples (n=6)
B K 1 K 2
JLE
ATk (pe/'g) FRUEIA (pe/g) t K5 ATk (ne/g) PREMAE (pe/s) ¢ K5
Be 1.85+0.08 1.79 £0.10 p=0.14 3.21 £0.14 3.15+0.20 p=0.28
\Y 13.6 £0.57 13.8 £0.43 p=0.25 28.2+1.06 29.1+1.11 p=0.09
Cr 31.9+1.55 32.5+1.26 p=0.24 25.6 £0.78 26.2 +0.84 p=0.11
Mn 72.3 £2.80 71.1£2.49 p=0.23 5.79 £0.21 6.02 £0.43 p=0.13
Co 3.84 £0.16 3.90 £0.21 p=0.29 2.02£0.11 1.97 £0.15 p=0.26
Ni 28.6+1.14 27.7 +1.30 p=0.12 37.0£1.27 35.4+1.39 p=0.03
Cu 10.5 £0.30 10.7 £ 0. 14 p=0.08 9.56 £0.39 9.71 £0.45 p=0.28
Zn 34.4+£1.25 35.0+1.23 p=0.21 46.3 £1.80 44.8 £2.03 p=0.10
As 24.9+1.10" 25.3+1.37" p=0.29 18.3+0.76 " 17.6 £0.80 " p=0.08
Mo 4.78 £0.12 4.85+0.10 p=0.15 2.05+0.09 2.12£0.13 p=0.15
Cd 18.3+0.66 " 18.0+0.72 " p=0.23 31.9+1.15" 33.0+1.28" p=0.07
Sn 2.45+0.13 2.52 +0.16 p=0.21 1.74 £0.08 1.80 £0.09 p=0.13
Sh 62.1+2.09" 61.0+1.85" p=0.18 91.0+£3.32" 93.1+4.05" p=0.17
Ba 20.8 £0.73 21.2+£0.53 p=0.15 16.7 £0.50 17.2 £0.58 p=0.07
Hg 4.56 +0.15" 4.60+0.18" p=0.34 7.88 £0.31" 7.64 £0.40" p=0.14
Pb 2.27 £0.10 2.33+0.12 p=0.18 3.06 £0.12 3.16 £0.15 p=0.11

T AR = " HOILER F AN ng/g.
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Determination of Trace Elements in Attapulgite Clay by Inductively

Coupled Plasma - Tandem Mass Spectrometry

LI Tan —ping, LI Ai — yang

(Academy of New Building Materials, Hunan Institute of Technology, Hengyang 421002, China)

HIGHLIGHTS
(1) Nitric acid — hydrochloric acid — hydrofluoric acid was used to speed up the digestion and improve the stability

of analytical elements.

(2) The spectral interferences in the MS/MS mode were eliminated by mass shift and on — mass methods.

(3) The flow rate of reaction gas was optimized by using a matrix simulation solution.
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ABSTRACT

BACKGROUND: Attapulgite clay is a water — rich magnesium aluminosilicate mineral with a layered chain
structure. The different genesis of the deposit results in a different composition of trace elements in attapulgite clay.
Elements Be, Cr, Ni, As, Cd, Sb, Hg, and Pb have adverse effects to health and environment, while V, Mn,
Co, Cu, Zn, Mo, Sn and Ba can affect the performance and application of attapulgite clay. Therefore, accurate
analysis of trace elements in attapulgite clay can provide a theoretical basis for the high — efficiency value — added
deep processing of attapulgite clay. Determination of trace elements in rocks and minerals by inductively coupled
plasma — mass spectrometry ( ICP — MS) has the characteristics of low limit of detection ( LOD) and high
sensitivity. Complex spectral interference during the analysis is difficult to completely eliminate, even if collision
reaction cell (CRC) technology is used.

OBJECTIVES: To establish an analytical method for the accurate determination of trace elements in attapulgite
clay by ICP — MS/MS.

METHODS:: In view of the spectral interference in the analysis process, in the MS/MS mode, O, and NH,/He
were added into CRC as reaction gases, and the corresponding oxide ions and cluster ions were generated by mass
shift reaction to eliminate the interference. Internal standard elements with similar mass number and similar mass
spectrometry behavior were selected to correct the matrix effect and stabilize the analysis signal.

RESULTS: The microwave digestion of attapulgite samples with mixed nitric acid, hydrochloric acid and
hydrofluoric acid can not only accelerate the digestion speed of the sample, but also maintain the stability of the
analytical elements in the digestion solution. The method was used to determine 16 trace elements in national
standard reference material basalt (GBW07105). The relative errors of analytes were —9.60% —-8.21% , and the
relative standard deviation ( RSD) was less than 6. 0% . Under the selected analytical conditions, the LOD of
analyte was 0. 13 -=51. 6ng/L.

CONCLUSIONS: ICP — MS/MS can effectively reduce the interference of mass spectrometry and improve the
accuracy and sensitivity of some specific isotopes in complex media. The method is suitable for the rapid

determination of trace elements in attapulgite clay.

KEY WORDS: attapulgite clay; inductively coupled plasma — tandem mass spectrometry; trace elements; mass

spectral interference ; reaction gas
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