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EEBSES TR (ICP-MS) il E
Wk R CIKAHNEERE

KEF MO X A
(L 3R 5E WE00 36 & A & 4 132012;
2 A M # 1l 4 9T 4 £ 098 A IR B, AR 310000)

H OE EFLANWEMNMGERF, Y HNO,-HF-HCIO, Wk R WM RS BT EEEER
MR E AR FHROTRERIE F B IEFRE T, B T4 A3 HA-B RS A S B T K% (CP-MS)
B E RIREE S R LR VRV VB VR VRS O M TR O . SR R R R AR TS R
HETFH, RAB—NR R FTESEBRIE, I AT EREMENREMHEREH KT 0.999, %
A PR AE 0.01~0.3 pg/g. A IR AR #EY B SRM1633C # 17 3 U, F 35 48 XF 45 # i 22 RSD 7%
0.54% ~2. 4% , ks IR Ky 85 %6 ~120% , Ko E K EE StrMEEW & . 5k B A B 0 #E 5 B
BEE, EANEER~EKESTFLEELBNNE.

XBH LAIHMEBBRBESEE FETIERJCP-MS); Bk R ; CK;EL)RE

thE 43S :0657. 63; TH843 X ARERG A XEHE:2095-1035(2019)05-0009-06

Determination of Heavy Metals in Fly Ash of Waste Incineration

by Inductively Coupled Plasma Mass Spectrometry

ZHANG Gengyu', XING Hui*, WU Chao'*

(1. Jilin City Environmental Motoring Station, Jilin, Jilin 132012 ,China;
2. Hangzhou Xiaoshan Jinjiang Green Energy Limited Company , Hangzhou, Zhejiang 310000, China)
Abstract To understand the contents of metal elements in fly ash, the new method which comprised the
automatic digestion system optimization program, and the efficient mixed acid digestion system (HNQO; +
HF+HCIO,) was established to measure the 9 elements in fly ash samples. Through selecting suitable
isotopes and calibrating equation of interference elements to correct the mass spectrometry interference,
the chip technology and collision mode were used to eliminate matrix interference, and the single internal
standard ®Rh was used to correct signal drift. ICP-MS arose highly representation on beryllium,
vanadium, chromium, manganese, nickel, copper, zinc, cadmium and lead elements analysis. The
calibration curve r>>0. 999, the detection limit of the method between 0. 01—0. 30 pg/g. The method was
validated by SRM1633C, average RSD was between 0.54%—2.4%, and the recovery rate was 85%—
120% , the measured values of each element were in agreement with the standard values. The method is
suitable for the determination of total metals in fly ash samples from waste incineration with its good
accuracy and precision.

Keywords fully automatic digestion; ICP-MS; waste incineration; fly ash; heavy metal
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B P B A T B SR A B R R AR IR
AN H b R P B TTFE KT A
Wil A A BRI ) /N RE R R FEE AR TR
X3 B T G E A B g ad B . (B, AR
HRAFAEREN K, A EREELREMN 3%~
5%, RIKPEARENESR , ABER Y15
TR A, CIKREBEHBRBHR . L MR AR
REEBGHBERRE—B, HPmERELEEFE
UEIESERERE, FTEUSBE 7. EhPBER K
BB R T M AR SRR XA, — 3B DIRERR EE
MBI RAEEY . RAGE MR TFBR WK
hEABEE R R R SSESRT R
B, IR BN 9 FhoT R AR E B AR R TP 4
BHERWE GB16889—2008" iy BR 18 3k, XF F
WG HAEENILFTFR.

BB A 45 B 1R BT i (ICP-MS) B AT B — 1K
PEREIE 2 AT RS, R R R T
JIN R H BRI, B0 A T BB A am , X [ B b R R
HEEBOOVA MRS, BEEEGBIHE
10, XFr4 B ShiE M, BRTE 20 A TH R 8.
R SAT  ANEE E B S E WA A T8
BB ER—RE 2R A NMEF AL
BEAT , G T v ] o R A B R S T 8 4 R 1
B RT R, BRI AN 1 oK 7E [ B A AL 3 4T A
A # T HNO,-HF-HCIO, W4 A 3h @ik &,
LAY Rh A P b 2R FH Al 4 A 20 /N B4R T3, o
48 T HUAL IE 5 72 4 F BoR IE S % T3, #2 57 ICP -
MS i b7 S HE B8 KR B8 B B AR BR L B
W IR ITEN L.

1 SCIg#E4

1.1 UF{E5RKA

iCAP RQ 7 H1 Bl & 55 B TR BT i) (36 B #4
AT ;72 1k M4 H 3hE AL OinE K Questron
) s Academic BAIKALCGERD s R #ER 2T
2 —RFGrt) s R V/VY%>99.999 %) s stk
T IR 4 T Fr i CTFMD

IRARMEY B SRM 1633C(FEE NIST), KK
AR : HNO; R A k2K 57 BVII 4,

HF HCIO, ¥4 ol g . il 48 (RO N
PR (20 pg/mL, B R BORFD s 67 85 B8 5% 5L
B VB VB LA ME A AR (20 pg/mL, B R B
ICP-MS-MEMCHKA1-R1,Lot:218125081),

SIS P B 4lisK i Millipore 23 &) Academic #
gl K LA B AR IOV LEASIRIZ I 48 h
J& . & BRK GBAKEERE BT M.

SR B 2 1k 0 O B R BRI R W Be i
WE R 0.1.5,10, 25,50, 100 ng/mL;* V.* Cr,
*Mn,*Ni,” Cu,* Zn " Pb JREHK E & 0.5.25,
50,100,200.,500 ng/mL;"'Cd JRE¥E X 0.0.5,
1.0.2.5,5.0,10, 25 ng/mL, Wi B W Rh A
HNO; YR BEK 10 pg/L WE , WIR R IL=&
I RAELMA
1.2 HME=xw

FREL 3 443 (0. 2040. 000 1) g &K BE Sk A Bk
PEZR 9B 2 M CTEMD T8 5 v, — 3 A %K B 18
FEAE R 25 B W T R T R R K A 2 B B IH AR AN |
TESRALE TR N iR BIHMERET, X 4 iR,
BIFiE 758 )5, ¥ H) 15 min, €& % 50 mL, fF ,
He, B2 PR 4 MmMaEm"MBHm"FEANTL
BAE,

2 #REWe

2.1 @ESHEL

X F 52 Z H AR Ui, SR FH Al 8 425 =X (KED) /] LA
AR EREERFTH RN Z R FEF T, f AL
KA AR B BR B R TR B AT Al 1 U
B 3R E SR i R A B AR . iICAPRQ B
HER R BER AT DA — e AR B AR B T B S AR
N LA KW /NI TZ RN » Hi 2 43 Sh =Rl SR 2. 8 ik
358 4.5k, Hpb 2.8 BEA®RE
JBE AV kP e A, 35 T R AR R B K T 43 AT
4.5 i B B R R B4, H 2 RO B IL; KK
HEBRTEARENTIRE 7, ZR TSR AE
BIrwREE I HEA — e BE R, 45 EH
Wik M 3.5 k.

BERE B AT E W, £ T Co/” CoO™" HME
¥ Co W RBE, A 3.0~6.0 mL/min 35 B N LA
0.5 mL/min Jy#f B Xt Alf 48 < AT T R4k, 45
RILAE 1,



FoM REFLE BRESSE THRFEIE(CP-MS) I E R R KT ELSE 11
®k1 ZHDERERF
Table 1 Procedure of automatic digestion

B R B iR

1 #A 10 mL HNO; ;8 mL HF;1 mL HCIO, 5 MA 4 mL HNO; ;1 mL HF

2 SCERWEVE 6 6 200 °C, ik 120 min

3 200 C,fm# 60 min 7 FEFE, ¥ H 15 min

4 SCHRTHE, B3 % H 10 min 8 EHE 50 mL

34F 50 000 B, M R B R 32 000 counts/s,EHZE 5.5 mL/min
Agg S Lou J5 FHEZE 30 000 counts/s AT 5 B 25 B4 4 1
éiii\ ore ~: ¥ Co/™CoO" HLH & ¥ 38 Jin , K it 1k Al 48 <7 R 19
HE L0000 W3 KUK W7 N K, 5 mL/min B, HAE KT 18,
gig: § RRERENRAWRERMER, Z L MEIRERN
%i;: ‘35°°°§ 5 mL/min,* Co HJ W1 K {8 7€ 30 000 cps A E,
Eo 107 L0000 S ¥ Co/" CoO" HLE A TF 18,5 LER,
g ICP-MS B AL TAE S ML L3 2.

é310 35 a5 50 35 6020 2.2 RBRTRERE

mﬁ%mﬁ/(mL min™)
B1 #ESKREAUTEE
Figure 1 Schematic diagram of collision gas flow optimization.
WA 1B, L 0.5 mL/min i Al 18 < 7 2 3
f1Z 214, % Co WM R {EA B2 T FE,5 mL/min

HNO;-HF-HCIO, W& B 3hEMIEKR A5 A
TREMNT FCI' VH O EFHoELE
AR, SHXTEERKRENZEFEF TR,
R P Al 4 A =X BB 8 0 Bk — 3B 4 T4 (B X T 4
LR FEHE—LHED ',

£2 ICP-MS TS
Table 2 ICP-MS operating parameters

THESHK BH THESH BH
HE TR/ W 1550 LA B L/ V —1820

LB TFERSHEAD /(L » min™1) 14 Bk By B R/ V 887

WS HEAD /(L » min™D) 0.8 HoufE /s 0. 05
BUAKHE(AD /(L + min™!) 0.97 A BB /mm 3.5
5% K - /mm —0.55 FREB B/ mm 5
FEREE/mm —0.13 A S He
FERE/C 2.7 RS M E/(mL « min™1) 5

RFEGEFLE/ mm 1.1 S 7= (Tceo+/ce) 0.02

BEEFLRE/mm 0.5 X FL A 7= 28 (Tat +/Ba) 0.01

SV HEERBEASKR 765 K&K T I
SCIO" , it [l B2 1Y CI™ OF By o B /] LA 3K 15
SCI"O" X B fif He 51 &b U 9 T 4 5Tk, AT % G
TV SR, Y CI° O SR BE AT LA R A L
53 Kb U Y5 BE 98 2% Cr 1Y% BE AR5, 07°° Cr Y58 B
AR Cr MR BE R B3R 18 . &5 BTk V MK IE
INFCH Isty = I — 3.127 X (I35 — 0. 113 X Isz,)
K. Iy BV & IEJ5 858 B, counts/s; I, A T
fif bt 51 b0 B3R BE , counts/s; Iss R BT AT L 53 Ab i
B BCIR B, counts/s; Iz, %% Cr B 3R B, counts/s;
3.127 A* CI® OF 4™ V By % IE & #;0.113 K™ Cr
X CI*O" AL IE R B,

CrFE?Cr P CrM AN EEF ML E, H* Cr

BEEASEHR 83.8%,°Cr ik HAHA 9.5%.,
PCrZ BT EENENR 92 9% MY KENT TR E
SR 83. 8% B Cr  HY DL K 24 % 9" CI O =&
F#;7Cr BERZF TR E 4R 98. 5% Ar?C*
PIRFRRE N 95. 8% Ca”CT T, HE
ZRHFRE S S Cr K,k Cr,

*F Ni.Sn 55 —HL B BE 1 412 kJ/mol X T4 5
FARHEBIRE 1 521 kJ/mol, JE BU'* Sn™* ™ XUH i #Y 48K
FREAG B FPNLONI ZBREE 5 R 99. 9%
BI¥Co' H' & H 4 oA 90. 1% ™ Ne*® Ar™ | i
BEAHHN 7300 M TIVCT LR EREE 4 A
2. 1% B Ca*O" T4k, ® K $% Co.® Ne ,* Ti & &
B, BER A AW e 850 Ni /R R AR DU (R 2K o
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X7% Cu, 5B F4& Ar 955 —mBHE 1 521 kJ/mol,
I Ba {58 — ML B 965 kJ/mol B BAK T & FIAE
— BB RA S A R Bat T X B AT T SR T
HerpAr 5RRPEIRFERE® Na B R R E 4t
R 99. 6 %6 B 38 T, X35 Ca 342t 72 AR B K B
ok LR, B EE SR Cu BEAE,

Zn FEFE i faf b 66.67.68 B =R [F 2 K, 5 B
© Ar5 TROK ORE 58 R ER 25 40 Mg, " Mg\ P AL Si
AIRETE L £ 8 F B F BT T4 = Fh R A2 R 7 B 5
3% Ba I [F] 7 T8 B89 BUR A T 48 5°° Zn 32 B &
HAHH 83.5% W2 Crt N L R & H 4> b 30.8%
BSCuH R H 4k 11.0% M Mg® Ar* F
P, Zn 2 ] 99.6% WY Al® Art, 99.5% Y
SV OT (98, 9% IS Mn2CT T4k ,% Zn 2 5] 99. 5%
B VSO HT 91, 9% B2 Sit® Ar' ,90. 7% S Fel? CT F
WoONFFRFEAREEA S THRBRABESHE
SHT S Zn,

XFFNCA UL, THAREKIR I REE 4 R
0.7% T G Arr . E B BE RN 1.3 B
MZAMO'H JRBE AR 15. 9% K Mo* O , Hidr
"Ga"Zr BTWHALE, FEER T T ERD,
PMo*O" 2" Cd fy EZF I, " Cd iy vEwh I X 45
AT AT B 111 Abige 2 R Mo™ OF B F 345 31, 1f
T Mo O (58 B AT 4K A5 Mo O i T4 5T
ik, oMo' O iy 58 BE | T fir b 108 Ab 0 ) 5
WA CARy 8 BE AR AT, 7' Cd A58 B ] B ' Cd i 5
ERERECAHBEARN: g, = Ly —
1. 073 X (T —0. 712 X Tos ;) o FH1: Ty Cd £
BEIEJE W58 BE 5 counts/s; Iy A T 5 JB fr bE 111 4b i
H) VSR BE 5 counts/s 5 Tios W0 28 JBTFif b 108 &b U Y 4
PR BT, counts/s; Tioscy ' Cd ¥ 88 B, counts/s; 1. 073
HP Mo OF X Cd B A% 1E 7 #5150 712 R Cd X
Mo O" H# IE R 5.

£3 REBETFHRSERFXCE

Table 3 Summary of interference correction of ICP-MS

B RGERTS/ % FETH

ZBRTHITK

1 °Be 100

2 Sy 99.7
TH*S%01,0.19%

HAETHP ;0 Ar2CT,98.5%;

3 Cr  83.8
" 0Ca12C+,95. 8%

4 %Mn 100

5 SONi  26.2

HAETH; 0T ,0.2%

gﬁ;:’:yt;sscllsoJr ,76% ;37cll4N+ ’24%;

AR Rh & IE ; fli < 5 mL/min;
] Tceor/ce<<2%
W#AR1 Rh # 1E ; fiE <, 5 mL/min;
ISty = I5; — 3.127 X (Is3 — 0. 113 X I525,)

A#51 Rh & IE ; fif# < 5 mL/min

HHR1°Rh & IE ; fli < 5 mL/min;
B Ipar+/8.<<1 %%

HAETH ;K0T ,93.0% ;199 AghT,48.1%

HAETFP;°Cot HT,99. 9%

A#51 Rh & IE ; fif# < 5 mL/min

2 Ne® Ar™,90. 1% ;¥ Ti'2CT,73. 0% ;% Cal* O™ ,2. 1%

FefETH ;23 Nat® Art ,99. 6%
S1v12Ct,98. 6% ;4 Ti* 0" ,7.3%
FART ;52 Cr!* Nt ,83. 5% ;% Cul HY,30. 8% ;
26 Mg Art,11.0%;%2Bat+,2. 4%
BART ;1 Gato Art, 39. 7%
MZrIOLHT,17. 3% ;%Mo O+ ,15. 9%

6 83Cu  69.2

7 8Zn  27.9

8 Hicd  12.8

PM#51° Rh K IE ; B < 5 mL/min

PR Rh K 1E 5
A 5mL/min; &6 It +/8.<<1%
AR Rh & IE ; fli < 5 mL/min;
Ilgy, = Iy — 1,073 X (I108 — 0. 712 X I106¢,)

FARTF ;19208107 ,40. 9% ;191 IF' HOT,37. 2% 5

9 208Pp  52.4

194PL4NT,32. 7% ;18 Er** Art,26. 7%

PHAR1 Rh K IE ; B 5 mL/min

2.3 EERIE

RIRKE AR T R 2R, R R 0 5 1 RUOR
HERR , BRI AR EL , 5 5 ™ A AR N B AN S
. R 10 ng/mL B9 Rh N AR5 ¥R IE 2 A 3%
B> PAUROKARHER) 5T SRM 1633C A 24 XS 52, K2 IE
JEIEE K BICRA TR REGE. Ik 4 Fis.

2.4 KEMZ KK R

38 HJ168—2010M dhfff 5% AL 1. 1 9l € J5 3%
TR XA SR 21 W, FEATHR B BRI
ALK THE IR R 0.2 g, /& J5 & A 50 mL, ]
AR Clug + g7') = [Clng/mL) X501 000] =
0.2 , IR HEKe vk BE R BT B W3R, THIR AR vE IR 22 S
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JAMRYE MDL = t(, 1,099 X STHE T ERH IR, W%
5. RS AT, Z T ENREHEZHLEEKRT

0.999 , K HiBR7E 0. 01~0. 3 pg/g.

F4 NEHEEKEER

Table 4 Matrix correction of internal standard

Wl fir R i/ (pge gD WA IE AT E B/ (pg + 7)) ARBRERIER/ (g g™ k[ W/ 2%

9Be 16 13 16 102

sLy 286.2£7.9 302.5 287.1 98

52Cr 258+ 6 278 261 112

55 Mn 240.2+3.4 234 239 94

50 Ni 132£10 131 132 97

83Cu 173.7+6.4 188.1 172.2 104

66Zn 235+ 14 267 233 106
ncd 0. 758=0. 005 0.788 0.754 90

208pp 95.242.5 99.1 95. 4 103

RS FEHREHZFTEAXREREHR

Table 5 The calibration curve equation,correlation coefficient and detection limits

F5 TH B &7 UES S KB/ (ug » g1
1 *Be Y = 54. 40X + 336 1. 0000 0.02
2 Ly Y = 3 790X 43 994 0.999 3 0.1
3 S2Cr Y =5 990X +1 250 0.999 6 0. 05
4 5 Mn Y =2688X 41712 0.999 3 0.2
5 SONi Y =3031X+1190 0.999 8 0.03
6 83Cu Y = 8 398X 48 546 0.999 3 0. 05
7 66Zn Y =1 268X 40 191 0.999 1 0.3
8 uicd Y =4 755X +124 0.999 9 0.01
9 208Ph Y = 69 867X + 89 700 0.999 6 0. 04

2.5 BEEMEHESR
F T XF RIK AR HERE & SRM 1633C WK 11 KK
25 B T A N AR MR 2% (RSD) ., KRARAERE &

OMITEMENEBEEMAETE LR 6, g6
I, RSD 7E 0.54% ~ 2.4%, fm & [ i &
#85%~120%.,

F6 CERGERRPIMTENENRTENERE

Table 6 Precision and accuracy of 9 elements in fly ash standard samples determination

TLH WEE/ (pge gD BHEME/(ugeg D RSD/%

bR/ (pg- g  HIREWEME/ (ug gD HEKE/%

“Be 16 16) 1.44 10 25.5 95
sy 286. 4 286.2+7. 9 0.77 200 495.8 105
2Cr 261 258+6 0. 54 200 432 85
% Mn 242.0 240.2+3. 4 2.38 200 481.0 119
% Ni 132 132+10 0.95 100 242 110
% Cu 173.5 173.7+6.4 1.12 100 271.0 97
%Zn 237 235+14 0. 66 200 478 120
ncd 0.757 0. 758£0. 005 2.03 0.5 1.220 93
208 P, 95. 3 95.242.5 1.72 100 197.6 102
3 R ZEFEFHTH, FHE—ANRTR "R KIE K
4]

DA 4 A 3h I8 7 AR F 3 B & TRk
HAELE L TLANERARETFE LB EBASE
TR KK 9 ROT R F . K
Sk =Bl HNO,-HF-HCIO, @ik & , i oF 5l 38
AR B g T AL IE B LR T IR

IR R SBR[ 3.5 i AR &
EROPZR 2 SVAD SR VAN R VA AN

2) FRKARHEY) B SRM1633C #1777 & K
TE , A HE M ZeAH E R KT 0. 999, J7 ¥ 46 HH IR 7E
0.01~0.3 ug/g,RSD K 0. 54 % ~2. 4% , fkx =] die
RN 85%~120%.,
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