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HE: AN EREETHELBETEERAKKE T, BIREABRANTTHERESRAAARLES RS

HRARRENRI T L LR E AR, EHNT BB —AEESZRETHELEALZAETAAE

FZHIEEL, B RAEEEZBRT O ELETEESTIBF A, KRR T ROBE#EE B A4S F
B TR R AT R R 5T A sk FRGE XA M B KRR B B AR B TR (ICP — MS) il 52, 7
M A Uik TR @ Pk . AR & 4565 & T8 & KR (ICP - MS/MS) | & 1 fif — A AL4E B &%
BRFTHELBAZTEE, CM_FNEEEE T 6 FrE4 BT H Cr.Ni As Cd Hg Pb Z BB Fo 2 BR 34

BRiZ 4 e H AR A ICP - MS/MS #t AT 2 , #) A $ B 09 O, R XK x4 Arid A2 % Cr Ni As Cd % 2|
W iR, B BRI oMK T7Cr . “Ni " As, " Cd 89 % F 5 208 % (BEC) , 3R 4 ik T 2t o 47 4%

R Hh, ERE M MS/MS X T4t 0, A R B A, R A MRS 4H x4 RALKFETAE KR Cr,

ONi.PAs " Cd ¥ Br A Frak T 46, CroNiiAs,Cd,Hg.Pb # % FR 4% 4 3.06.9. 31.3.50.2.72.2. 03,

1.89ng/L, AR @M & 4 95.6% ~106.2% Z Ja) , 40 xF A7 44 £ (RSD) <3.9% , Frik ey kA T4
R R SR R R T E B A E,
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(3) BT 9 L& 6 B FRiA B ng/L B AKF,
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L AR 20N y - MO, S50 BRI BRI Hh o T 8 [ 0 85 77 A R R iy, LA JL o0
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CAab R % br e 80D (GB 5085. 7—2019 ) X [
PRIE TR b i 4 R T R IR B e 1A Y PR
F5 #E: Cr < 5mg/L, Ni < Smg/L, As <5 mg/L, Cd
<1mg/L,Hg <0.11mg/L,Pb <5mg/L,

ERSRER VERTT , f i — AR v T i
ATV 4 A E A AR A, DT R i K AR 2
R G AR A S R G AN R R B (Y RS 15 e Al
AR R T AR 0 Rl o S R A
MARJE, b oR " If e Sk HAh 3 R 4
B AR RS 1, DT X A AR i 5 3 i B
KA 1 i i SR A I R R R T
TCERBIIZE , X F AT IR A M T i v fif — 44k
it A 9 VR P HE 46 R T R TE PR R ) 3 A1 RSN
TR A+ HERYE S,

HE, A XESETRNE & EERARE L
WA E W AR T E AR
TCEIMHAREAZ . S SRR T o
L (AAS) W& T AR K A = R P E &R TR
Pb.Zn Mn Hg Cu.Cd As, ¥ F (V5K E5 G HEObR
) (GB 8978—1996 ) B 7E 1 PR fE 5 ifE, {H AAS %
JEFAGTRL AR, %X i B8 T 2 DL AR 4 s JT R s
MIGE Sy %22 , HASRERIB AT 250 R M ;A IR
2R e SRR A 4 B T UA R SO % (ICP -
OES) X 4 1 % 1 ¥ HH B 4 J& ST R M Cr Pb . Zn
Cd FEAT TIN5 , RUER R R 1 25 ok
Mn Cr PN H 4 J& , 32 46t AR 77 (4 R, ICP - OES
AREBHA TR AR RGN E ; B RS N
FLEHE & A5 B TR BTk (ICP - MS) BFSE 1A =
K E AR TR As Cd Cr Cu Pb . Zn 5 AER
AR TERRIE NS T 32 Hh SR B IR T 48 i 12 i T
o SR, ICP — MS S X TAFTE ™ BT Hoc R (4
Cr Ni As) 90 72 22 30y 5 S0CREAIRRIRS: s BR 22,
HoE i — A s R IR b S R OT R I &
AR, 8 F DU A ICP — MS (ICP — QMS) 7R X
SEIIX L TE R Ay HERR I E o WA SN (CRC) h
ICP - QMS TRk T T 42 it 73 AR > 1
BT EhRREAL (KED ) /i 20 flE 1 A X T U RETH B 2
JEF 25T A BT 04 B g AR R B 7 )
W2y T R BT RE . RS S TR
ST 1% (ICP — MS/MS) J&7E45 CRC 1 ICP — QMS 3
filt F BTG — G DU AT B i IR (Q, ) T AR I T
i, 185 Q, FHAE K T4 B 7 iE A CRC, J™ s 42 1l
CRC PN IRl i/ )5 1o 3et A A= ) B8, 4 v 1 o it
JCE MR AE S T Bz T A AR

HRE TR I {E H R4 ¢ ICP - MS/MS
I W i — AR AR P v R A SR T R A
TEERER

ARSCR A ICP — MS/MS B #:00 5 W fif — S ALk
R B 6 ME4EItE Cr Ni As,Cd, Hg,
Ph ARIGECEAR P Y B B 7 i R A R
2:) (HI/T 299—2007 ) X} i fift — A AL B v v i T
SIRITRMEITE M F X Cr NiLAs Cd f71E
F4 7 S T, Ak ICP - MS/MS TAE A4,
75 MS/MS #5XF B O, Ry B, Cr ™ (N ™Al
As™ 5 O, RO 3 sl A= B CrO ™ (NiO ™ 1 AsO ™ #4711
A8 I BT RS DI BR T 5 (8 TP Cd ™ e i
T5 0, R KA 5 RS, 1M Cd™ A5 0, I, F
FHEAS St v 1 o T4, DA A i i — SR AL 4 R T
B E AR TR B PO R I SR
AT T

1 SEUSs
L1 AU e TR

Agilent 8800 1 r JEcfH 5 55 1 1~ K A3 1K 5 1% 4%
(£ Agilent A7) . k)5 ICP - MS/MS () TAE
SRy PR AE B R, T B A HERE R 48 HMI 2
B By AE T SR AR 1550W 5 7 4 AR X
MS/MS ; RAFE TR FE 8mm; 3 0. 701/ min; £
SFE 0. 50L/min; b 5 WS (0, ) Wik 0. SmL/min;
JNARAT Al P T — 14V 5 S REBCHL L JE — 8V BT ik [+]
(220 ONi P As M Cd 2 Hg 2Ph.,

Milli — Q 4l /K HL ( 52 Millipore A ]) .

1.2 brifEIE i SEA5

1000mg/T. 7T 5 bk 1 i 5 75 W ([ 24 46 AT Ak
FIRFA R ) 51000mg/L [ Se Y \Bi NFRHIT
FARMERE AR (E 2R ML AR A R A D) o

PERATHE TR AL R AR (T8 Merck 2AH]) o
1.3 SGHEN

PRAED) BB IK (SRM 1633¢) 2k B T 38 [ [E %K
Bt S F AR iy (NIST) |, FH 3 0k 75k 1) 1
e,

SR A R L SR AR R TR Y
S, SIEH A A 78 I 4 BT B R AR R T
(FEMi'5 A B .C.D), HEBEAJRIR, bl i
AR A I RBLEA BR 2 w4, T BR 2Kk e
SRR N E AR ITR
1.4 945751k
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) (HI/T 299—2007 ) %o 2 HET 1y v i — S AL 5 K
AL A AT e 9. Smm B R AL B, A BRI,
fift — AR IE i 100g T 2000mL 2 20 (PE) $2 1K
JEH, A 1000mL 32 BOR) (B s by 2 0 1 A
T FR AR R BRI G VR 2 2 T I A B 2K b, (i
W) pH 4y 3.20 £0.05) , #HAE IR 18h 1= i H 4
JBICER , g 1S B WS B R AT ICP - MS/MS
HEATIE o BT A I Vs v (R s T AR TR TR R =5
B W) ¥R T I NARIR & kTR A
Img/LiY Se, Y, Rh Bi P45 K, 925 %04 & H
Agilent MassHunter #4:3FF7 A0 3

2 ARG
2.1 JRIEBN

WL ARl A T P B S 2 AR % o TR Bl
SR THEAA 22 7 B T B2 A ) 3 27 Cr ' Ni
P As(JFAT L m/z <80 (Y RIALE) (Y , 1B 23 % s
JEE AL 2 C TR T (32 1), T 23 [ iz
Z Hg FIPb (T4 AT LA ZWE AT R 3RAR 0
JUER I el TARBES, 78 =R BSR4
TR RAE  BLDURRAT (SQ) TC UMM SQ Rl 5
AR MS/MS S B i 2 X FE A R JB A T
FICR T AR IE (BEC) IRk 5 4 il 40
HITHBRACR o

MLl LI A SQ AT, SR AICUARTT
A E WAL Cr Ni 7 As 1 Cd TR THBR T
e, 4 DALY BEC (34 FA R K, ™ Cr
4™ 8, BEC e K5 78 SQ BExUR >R H] He g
LA, BT e R W B T 2N 2R
FFHE,2Cr NI P As M Cd (1) BEC {25/, FE
BT RER S T, 105 Hg A1 Pb E He REAEAL T
BEC {HEC A2 K, 2B Hg A1 Pb L B4 ik +
P, B B T RE B ROk = B0 Heg R Ph Y
BEC {H A TMIAE K

1 ARFEEATT A HroC R SRk

7E MS/MS &0, 68 T2 Cr 9 5E , B8 Q, 1Y
m/z 752 R m/z#52 TS FHEGAESD,
LA m/z =52 B FiEA CRC N, R 0, M %
WL, Crt 5 0, B AR O A G0 T Gt Y
TIETFHARE 0, BAERM ¥ &~ HIUARFF
FiE it UE A% (Qy) 1 m/z = 68, F| F it 2 &% 7% 15
4 Cr BB RS T3 N ¥ AE O, R WAR R 114 it
TEAT N 57 Cot ML, M7 As™T 5 0, )N fig H & it
A7 NG R As T BIR T O, B RIERS IR T
P CdT ARG 0, & R N, i Cd T T
PES T Mo 0" BE 5 O, K A — Wk T B 5 7% I v AR
A Mo 0, Y BE Q1 Q, 1 m/z ¥ 111, il
JEAL R R0, S8 7 Cd jy e
o ME 1T AT UE W, &£ MS/MS £ F,” Cr,
“Ni " As """ Cd 9 BEC (] BALT SQ ik, AL
IO BR B T A R B LA 1

[ {37 2> Hg F1°" Pb 22 21| (4 BR3P 8tk , mT
REZ WA, A MS/MS #52XR 1) BEC B 1 5 T
SQ LA, R/ & F 24t Q, 1 Qb vE /5
A RE /= %, XFF Hg F1 Pb Rl 52, 48 52 56 %
SQ LA T E -
2.2 PR O, ke

KW O, i s e CRC N O, Wk BE, 52 1) JiT i
THRIWERBCRF AT TC E B (5 S . K
() O, M2 S BT A T4, A IR 72 ) B Tk I
1%, X TR A B S R I B TR A e R R
TR TS, R, X TR A A B S A BT
U920 47 70 22 0 22 B M 0 R T RS 0 5 T 85 1
O, JiH eI st iR 5 O, Ml &, F 25 oo
ZAE SRR . ARSI B0 Cr O NP As
" CATEAE RS T, R LTI Ok Ak 0,
ik, LA E A 10pe/L B Cr Ni As (Cd 43Hr 0%
FIvk I 1g/L B C.Cl,Co Na Mo T-HICZ LAY

Table 1 Background equivalent concentrations of analytes in different mass spectrometric mode

) ) SRR (ng/ L)
GiliveS TR T4 -
SQ( LA MA) SQ(He MifiifEs)  MS/MS(O0, R ifiEsX)
S2Cr WVAS2C, FCI®OTH, ¥ A0, BAMN 31600 53.7 23.4
ONi ¥Co'H, ZNa®*Ar'H, ®Na¥Cl 78.9 40.5 5.28
5 As VASCL, P Co'0, N, 108, * 1050 22.8 13.0
Hed % Mo'®0 216 84.6 19.2
22 Hg 186yy16 10.3 17.1 16.6
208 pf, 12050 11.2 15.8 20.5
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Pl L A MS/MS BEXTR RN O, OSBRI T LA

Fig. 1

TR PRER R, 5 55N TR] O, YL B i 40 9 TH BR
RO BERANIE 2 Fros . B O, T A4 K, Cr \Ni|
As Cd (I E (2 HT B AR HEEL 1Opg/ L, 24 O, i
IBF] 0. 4mL/min J& , 31X 4 A0 E 10 E (EL-5 AR HE(E
— 20 RUNHBR TP A BOsT40. if iR Brf SO
WRBEAT , AR e A0 4% O, 0. SmL/min,,

40

mm Cr = Ni
30 mm As mm Cd

0.1 0.2 0.3 0.4 0.5 0.6 0.7
O, i3 (mL/min)

Pl2 O il A bsifEis i b Cr.NiLAs . Cd [R35M
Fig.2  Effect of O, flow rate on the analysis of Cr, Ni, As and

Cd in mixed standard solution

2.3 WAL ER RS i R

R R P 0 B T A AR 2k
FEINA AT TC 2 BE BE A 1F L (800 , W RE B 143 BT
TEEMBEE S R SR, 7 MS/MS
R, FIFRTC R AT RES O, F 0 % Ak it
B N RRIC 2 B R A SN e, A SEIR vk
BAEA A 1mg/L 9 Sc.Y \Rh Bi {R& W T X,
Horr,®Se " 5 0, & A RN R G R BB B k2R
AR B HE TR S 0™ JAFE” Cr'* 0 “Ni* 0
(AR TG 25 [ HE, Y Y * 5 0, & A R L S i i

Working mechanism of eliminating mass spectral interferences by using O, reaction gas in the MS/MS mode

P, AR A AR Y 0" FI/E” As" O 1 bR 0
Z51M P Rh LAY 0, kA, 36 A FE" Cd 1
WHRJC %5 £ Hg F1 P (130 5 oo % v, A fil 1
CRC, [R ML 528654 Bi HIfE Hg 1 Pb A9 PIARICE

4y IER4] 0.0.0.5 ~5. 0pg/L(0. Spe/L i Cd
Hg,5. Ope/L B Cr.Ni, As.Pb),2. 0 ~ 20pg/L
(2.0pe/LiY Cd Hg,20pe/L (g Cr Ni As Pb) 10 ~
100pg/L(10pg/L ) Cd Hg,100pg/L ) Cr Ni As,
Pb) ,50 ~500ug/L(50pe/L ) Cd Hg,500pme/L f
Cr Ni As Pb) IR A AR e, 7E AL 250 T ik
AT A5 2N o R R R . it 3R 2 4K
AT LLVE 6 DM FI T 2R AE & 1 LMk Bl N4k
R ZR L =0.9998 , 21 ¢ &R R 4F, Cr Ni As Cd,
Hg .Pb JU & A fa th FR 430 8 3. 06 9. 313,50,
2.72.2.03.1.89ng/L,

2 BHEBE SRR (n = 11)

Table 2 Calibration data and detection limits (n =11)

ﬁﬁ!ﬂ BT A LAV z%ma Tt BR
JLHR (pg/L) KE  (ng/L)
Cr 2¢r'0*  $Sc°0* 10.2~500 1.0000  3.06
Ni  ONj'Q+ $8c!%0*  31.3~500  0.9999 9.31
As  PAs0t ¥ylog+  11.7~500  0.9998  3.50
cd et 3R+ 9.07 ~50 1.0000  2.72
Hg W g+ W9;+ 6.77~50  0.9999  2.03
Pb 208py, 209B; * 6.30 ~500  1.0000 1.89

2.4 JiIEHEREENVR &S UE
H1 T/ i i SRR B bR S H W L, R
FH =K T D] Wi S5 58 6 UE 753k 1) M 6 B2 RAS
B ARSI E 6 UK, TR AR [ R A X
i A 25 (RSD) |, 70 A 45 R L33 o B il %% JC R 19
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3 BTN B (n =6)

Table 3 Accuracy and precision of analytical method (n =6)

e JnRE WEE  nkrEeE RSD R TR (& WEE  nbrEDieE RSD
T E FrMoTE

(ng/L) (pg/L) (%) (%) (pg/L) (pg/L) (%) (%)

2.00 1.88 94.0 2.8 2.00 1.92 96.0 2.3

Cr 10.0 10.3 103.0 2.2 cd 10.0 9.37 93.7 3.9

50.0 51.6 103.2 1.9 50.0 53.6 107.2 3.2

2.00 2.05 102.5 2.6 2.00 1.90 95.0 2.7

Ni 10.0 9.87 98.7 3.0 Hg 10.0 9.62 96.2 3.4

50.0 51.8 103.6 2.5 50.0 47.3 9.6 2.5

2.00 1.95 97.5 1.7 2.00 2.07 103.5 1.8

As 10.0 10.4 104.0 3.1 Pb 10.0 10.1 101.0 2.1

50.0 52.3 104.6 2.0 50.0 48.4 96. 8 2.9

TR ENACRTE 93.7% ~107.2% 2 |A) ,RSD<3.9% ,
WP S B oA 7 IR MER E 7 R AT
2.5 Kb

SRS A4 ICP — MS/MS J7 35531 %F 4 A~ ria fift
TARAAR IR R R Y 6 AN R Ju R AT I
TE , T A AR A TR OB i B IR R
WG W, AR A EIE 6 UK, AT AR L
4o W T EALER RO R R Cr f R R,
Ni As Cd Hg Pb & H M4 FHEARKF, Horp He 35
iR I AR R I 6 N E R UR
LXK T GB 5085. 7—2019 (i FRAEARE o

4 WIR AR R INE R DTSSR (n =6)
Table 4  Analytical results of leaching solution of electrolytic

manganese dioxide waste residue (n=6)

il TCHMEE (pg/L)

TR B A Bl B Bl C FEfh D
Cr 46.2 £1.70 32.8+1.26 61.3+2.19 13.4£0.51
Ni  0.71+0.028  0.92+0.037  0.38+0.014  0.25+0.010
As 3.06 £0. 12 1.37£0.048  0.88£0.035 5.41+0.16
Cd  0.072£0.005 0.040£0.003  0.052 £0.003  0.087 £0.005
Hg 0.053+0.004 0.031+0.002 0.016 +0.001  0.023 £0.002
Pb 0.38+0.011  0.69+0.025  0.45+0.018  0.82+0.034

:[:\
3 4k

S TR ICP - MS/MS 5 R fift — B LA K
R P 6 ANE B BITR Tk i e
MS/MS # 2XF R A 0, B R, S5 HE M
ICP — QMSPL K Pic Ay w3 St ( CRC) /Yy ICP - MS
FALE, AR TP IR, Rl G2 p A H BRI A 2
ng/L Ko ATy ik A 73 M B2 R R
R LG DA, RE T AL F A — SR B T R R
HHEE B U I R
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HIGHLIGHTS

(1) An analytical method was proposed to determine the elements of Cr, Ni, As, Cd, Hg, and Pb in leaching
solution of electrolytic manganese dioxide waste residue.

(2) The mass spectral interferences in the MS/MS mode were eliminated by oxygen shift reaction.

(3) The detection limits of the analyses achieved ng/L level.
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ABSTRACT

BACKGROUND: The heavy metals in electrolytic manganese dioxide waste residue can cause different degrees of
environmental pollution and hidden dangers to downstream aquatic ecosystems and agricultural ecosystems through
surface runoff under rainwater leaching. Therefore, it is of great practical significance to determine the content of
heavy metal elements in leaching solution of electrolytic manganese dioxide waste residue. Usually, the detection
limits of atomic absorption spectrometry and inductively coupled plasma — optical emission spectrometry are
insufficient to meet the measurement requirements, since the content of heavy metal elements in the leaching
solution of electrolytic manganese dioxide waste residue is typically very low. The challenge is to eliminate complex
spectral interference.

OBJECTIVES: To find an efficient method for the determination of six heavy metal elements in leaching solution
of electrolytic manganese dioxide waste residue.

METHODS: The objective was determined by inductively coupled plasma — tandem mass spectrometry
(ICP - MS/MS). The six heavy metal elements Cr, Ni, As, Cd, Hg and Pb in the electrolytic manganese dioxide
waste residue were directly measured by ICP — MS/MS after H,SO, — HNO; mixed acid leaching. The O, reaction
mode was adopted to eliminate the spectral interference of Cr, Ni, As and Cd during analysis. The background
equivalent concentrations ( BECs) of >Cr, “Ni, ”As and '"'Cd in the different analytical mode were investigated to
evaluate the influence of spectral interference on the analysis results.

RESULTS: In the MS/MS mode, O, was selected as the reaction gas, and the spectral interference of *Cr, “Ni,
7 As and """ Cd was eliminated by using mass shift method and on — mass method. The limits of detection for Cr,
Ni, As, Cd, Hg and Pb were 3.06, 9.31, 3.50, 2.72, 2.03, 1. 89ng/L, respectively. The spiked recoveries
were between 95.6% and 106.2% . The relative standard deviation was no higher than 3.9%.
CONCLUSIONS: The method has been successfully applied to the determination of heavy metal elements in

leaching solution of electrolytic manganese dioxide waste residue.

KEY WORDS: electrolytic manganese dioxide waste residue; leaching solution; heavy metal elements;

inductively coupled plasma — tandem mass spectrometry ; mass spectral interference; O, reaction gas
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