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Microwave digestion (MWD) with two kinds of acid mixtures (HCI-HNOs;-HF,
HClO4HNO3-HF) was investigated for the simultaneous determination of six toxic ele-
ments (arsenic, antimony, chromium, cadmium, nickel, lead) in municipal-waste incinera-
tion fly ash (MWIFA) using inductively coupled plasma atomic-emission spectrometry
(ICP-AES). The present investigated method was applied to the analysis of two certified
reference materials (BCR No. 176, NIST 1633b); further the analytical results were com-
pared with those obtained by alkaline fusion with LiBOy-2H50O. The analytical results
by MWD with an acid mixture of HCI-HNOj3-HF were in good agreement with both cer-
tified and reference values for five elements, except for chromium, which requires a furth-
er alkaline fusion step for its complate recovery. The results by MWD with HCIO,-
HNO3-HF were in good agreement for all six elements with both certified and reference
values, and comparable to those obtained by the standard alkaline fusion method.
MWD with HC1O4-HNOs-HF is, therefore, suitable for the rapid and simultaneous de-
termination of these elements contained in MWIFA by ICP-AES, and has been success-
fully applied to the analysis of actual samples.

Keywords : ICP-AES; toxic elements; municipal waste incineration fly ash; microwave
digestion; alkaline fusion.
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7, BHMK IR EE - REEY & L CRE(LNHE
%, BROSBIZBOTENASEINTHBY, SEOLR
PR OBANSHRA SN T VS, - T, FHMR
KR O F DAY ZBECEHELTOL 2oIlE, &F
TEHEDEE LIV 2 DILEIERE, BT © OB HRE
EERICIERT 5 EDVEETH .

BEYPOLBILROESEEIN 2T OHE, BiEkEH
B2 Emies 22 BRIEEE LT, SEREEzEBVI
BARERLT VA YBBESH VLR TVD., —RIC
2, ZOEEE»SARY b T L — b ETORBEHENV
BRARESZEAINTVS. LrL, RIKEOR
B, r4ZOSERVEV DI, Bror AL
EMICRBICEPHVATNLRETHEEL VWS &
LEZ LN, REARBHE{ET A EEBRBTIERLVWES
HED. X, BBRTORLIERIETH 5 72 O WIRIRLE
DERBICESEE, ST RTHEDOHERLEBERDOURE
MEZ bNE. —F, BRARICBILABABELLT
W, 7y EBIIEBARE AT Y L ARBASREHAED
S ESBELAV SN TWVS., JOF%kE, HB%R
TONERIETH A 120, BIUNRICHEDBEERDOAREM
B/NX VA, ATV L ASBARBOBRIZ L HER,
BEMEOBESEEINTWVS. 2Dk, FE, <4
7 Uk HWZEBRICE T B INRS D, #H
Rt BRSO BEATAEE S LTSNS £H 1T
>THY, K#E VKR FEE-FTREEEMES
B, FHTHBEARKFOT v FE Y HHICEAL
TS,

KHFETIE, BT A BRHARIKROBEETRDOLILH
BROWEE LT, <4 7 am#sfE (MHD) I &
5EBRTAEE L FEREES T 7 A RIS HE (ICP-
AES) %flarAbd, REEEREZHO TOTEDOR
HETY, e TERBOSTE{To 1.

2 = L

2.1 # #

miEEReseh i, BT S ABERRK S ERSERIL <
WA EEZXHN% BCR No. 176 (City Waste Incinera-
tion Ash) & O NIST 1633b (Coal Fly Ash) ZHHW 7z,
ERBH T EhENTR 2 D MR, HWELL 72 8 EDH
HOAHBEHRK (BEREUAIK) THD, 0.5mm A v

YadisB0aEBEIEiEk, K<EEL, 105°CIIB
WTEBRLIZLDEHWV.
2.2 ¥ &

< 4 7 g nESRERE 12 CEM MDS-2000 Z U,
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WEERZFEHT 584 12 1E Milestone MLS-1200
MEGA %72, ICP-AES Z{& 14 B ESAERT ICPS-
8000, KE(FEEE LFAMHE HVG-ICP ZH WV .

23 B X

RS, R, BIEZRB IR OEERBIIEM
HEE, 7 v KRR IATRORFENCATAREZ
FAunte, ATKRIEE)FILE3FTH T4 TRA7EO—#K
REE2HW . BOEERISERITRIEH s N
Bip ot ZRILEOEHEARKIL, BERLFEROF TR
S (1000 mg/1) EERBEHR, BEL TCHOV.
MHD #:7Tif, BESEEARE I MEBRBAREL, 7
Vh ) BEEE TS, IRABEEERKII 10% BIRRE-2%
ATRTBFILBREVIL, AV T IV T 4NT —
W37 RNV F 9 VHEESMO=- FOR VT —ARX YT T
74N E —%, PRRIETBEOEEFHK No. 5C Z #H
Uiz,

2+4 BHEOHE

MHD A\EEOBOBEELE, 7IVh ) EEEIc >0 T
ﬁ%ﬁ%ﬁf)?‘:.

241 EM-TEM-7 vEKRERICELS MHD K
BHOHENHED, B 01g %7 v REHEHOINE
SREBICBOEY, HE 2ml, WE5ml, 7 vk
F#EE 3ml ROZEEK 10ml 2H1% T MHD 4L {60
psi (9 413kPa), 60 53} %{T-o 7. WHEEZ DS BEK
Z, FLE02um DAY T TV 7 4 VF—2HVTHFR
Utz Fli% 7 v BRSO Y —H — 2B U, %EERT
FTCMBELTEET S 7 vibkFEBERELL. 5M
B 10ml 2MATART7 I A2IZHBULAN, HEK
TIEREIZ 50 ml 12 U7z,

242 BIEFM-HE-7 vIbKFERICEL D MHD
Az EMR O ZICR 2 DT B 120, SRRLEICH
WEBOBELMAAED R ERETLERE PSS,
T, BYTH 10 E 3N BIERER-HEE- 7 v bk
FRIC X B OMRMBIZ O NVTRET L. BB 01g 27
v BRSO MESRARICEVIRY, BIERE 3 ml,
S omi RO 7 v{bKRE 1 ml 2%, MHD L438%
Tot:. MBEEHE%E Table 1 IZ/RUTZ. DEBEDSHE
BRICOWTIE, FRBEEZITDT, 7 v RBERO
E—h =B UL, BERBOAELZ 5 ICHEE
g7 v bKEBEZRE L. BICHEBERE Tk
U, 5M 88 10ml N CTHEMEL, HEKTERIC
50 ml 12U 7z,

2¢4+3 ABKIBUFIALIZEZTIVHUBAE
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Table 1 Microwave digestion condition Table 3 Wavelengths used for ICP analysis
Step 1 2 3 4 5 Element Spectral Background
line/nm correction/nm
Power/W 250 0 400 0 600
Time/min 5 1 5 1 10 As 1 193.696 +0.017
Cd I 228.802 +0.014
CrlI 267.716 +0.013
‘ Ni II 231.604 +0.012
Table 2 Operating conditions used for ICP analy- Pb 11 220.351 +0.012
sis Sb I 217.589 +0.013

Frequency 27.12 MHz
Power 0.8 kW
Ar flow rate
Coolant gas 14 1/min
Auxiliary gas 1.2 I/min
Carrier gas 0.80 1/min
Observation height 11 mm

Karstensen 5D HEYICHE U, Bkl 0s5g 2AESHD1F
IWEBOVEY, 7 v b/kFE#E 5ml ZINA TH 100°C T
HEE L. 2-4-1 OIEE-HE8E-7 v LKERICE 29
ROV DB 2 0T 55E&121E, PlRkox Y7
SYTANI-EASDEDIFICELUAN, HEBE ml %
M TMEL, AV TSV T 4N =R ULIE, 7
v LAKERE 5 ml 2% TH 100°C TEREZEL 2. W
FThOBPEL, 2O7 v b/KRFEBUEZ 3 BIEVERL
rtk, AIXVE)FOL2e EMAKLLESESLIZ. B
&5 2 F2BEBLHFEAICE L, 1000°C T 1| FEERAE L
to. Bst, B ZE 10% BIERB A A O TINREFE
U, IEREIC 100ml 12U 72,

25 ICP-AES & 3HI%E

BIE S % Table 2 12, BIECAVWLESTEE%
Table 3 IZRUTZ. 2:4 IZ LD B LN AR SRIBRD
FRNENENY) AFBKR Y TI2 L0 ICP-AES HEEICE
AU, Cd, Cr, Ni, Pb %O Sb DBEIE 1T - I2.

As OBIE ¢I¥, MHD LBEIC kD EB 2B L 12
BE O MRIAR 5ml, 188 5ml, 25% T AWK Vg
BW 4ml RO 15% 3ot Hh ) 7 LBK 4ml Z28BE
U, ZEHE/KCIERIZ 20ml ICUT. BU, 7TIVA)E
REICEOERESRRL 255 I, BIERES )Y A
DT 5128, No. 5C DF#EEZ AWV TCFER%2{T- 12,
INnsD—FH% 5MIEEE, 04% 7T hT e FuksvEg
T MU L-05% KEELT M) U AVERK S FITEEEK
FYREEBICEAL, kFEbeFErHEES L,
ICP-AES iIC & VHAIE L 12,

I: originated from the neutral atom.
I1: originated from the singly ionized state.

3 REREUBE

31 IRBFEEHRFAOTTRER

2-4 1T/ U T 3 BEOFILEE S ICP-AES O A
bt &k, 2 BHOEEFEEHBH®D As, Cd, Cr, Ni,
Pb, Sb O34 %17 > 72. BCR No. 176 DR %
Table 4, NIST 1633b D53#r#ER % Table 5 IZ/R U 2.
BCR No. 176 25 # U 12354, HEEE-WHEE-7 v {bkR
B iZ &5 MHD LTI, Cr OO SRS RIEE
SRl T, REESEE V) KEAEETH-
2, FOEHIO 5 TEICOVTIE, FIIHBET HER
sE LN, BIEHRME-HEE-7 v {LKEBIC K5 MHD
W TIE, Cr OAFWTRERIRIEEZEDK 90% L7 0,
ZDENPD 5 TRISRIAEEEFE LK< —FH LTV X,
TNVHVRREOESE, 6 TEELHRTESEE L —
FUERSELNI. BRI DOV TIE, kD 5K
F R LABENPBOSENTWVSD, ICP-AES IZB W
T, ZRICINA HRANIC & 0 BRMKIBHEHORERES SR
{btz, 2774 -DHFEFT VR M v 7 A
EBFEMREE L >TWVRD, XFFRTEY FI LT
BT NH)EREEL, INSOMEL D ELBYRS
BETHHENMOENTOEY,

- - 7 vbkFBBE A OIZEE, Cr OO
BEHFRIEESE O 30% THoHEE LTIE, RO
HEROBEYHIEAEL TV L, RESBBRILI N
2 b DD 7 yALKEBOMBAERERICEREBER L. (F
Z1E, ZHE(ET8 bran) EnErELALoN. 2
T, DEALBEROBREMETVAVEBL, Boni
SHTAER % Table 6 ISR U Tz, WITOWEIT- 4R,
WIThOBFE S, FRAERFPD Cr DHHTEEEEYH
@ Cr OHHEDEFHED, Cr ORIEHF L L<—5
Utc. CORERD 5, REET coBERE-MEE-7 v bk
#FH I k5 MHD E T3, BEHRKF O Cr 1X5EL
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Table 4 Results obtained from MWDs with different two types of acid combination and alkaline fusion in BCR

" No. 176.
Microwave digestion Fusion
Element — Certified value
HCI-HNO;3-HF HCIO4-HNO3-HF LiBO, 2H,0

As(mg/kg) 88.3%3 95.8%3.6 91.0%£0.48 (93.3 +10.5)
Cd(mg/kg) 431 5 459 +7 440 +5 470 %9
Cr(mg/kg) 333 +17 779 *1.6 802 +14 863 £ [30]
Ni(mg/kg) 121 +8 123 £1.2 113 £7.7 123.5 +4.2
Pb(g/ke) 10.7£0.04 11.740.32 11.8£0.70 10.87%0.17
Sb(mg/kg) 340 *13 446 *15 426 +7.4 412 18

Mean * Standard Deviation (r=3). ( ): indicative value. [ ]: uncetainty/not statistically derived

Table 5 Results obtained from MWDs with different two types of acid combination and alkaline fusion in NIST

1633b
Microwave digestion Fusion :
Element — Certified value
HCI-HNO3-HF HCIO4,-HNO3-HF LiBOy-2H,0
As(mg/kg) 130%1.3 130+£9.9 133£3.1 136.2+2.6
Cd(mg/ug) — — — 784 *6
Cr(mg/kg) 173£2.0 1831+2.6 190£1.9 198.2£4.7
Ni(mg/kg) 116£5.2 114£3.1 121£1.3 1206+ 1.8
Pb(mg/kg) — — — 68.21£0.23
Sh(mg/kg) — — = (6)

Mean £ Standard Deviation (=3). ( ): noncertified value

Table 6 Analytical results for chromium in super- ot ENEZLNT. UL, EEIBERIIDNT
nate and residue of BCR No. 176 (all un- 1%, As EBNICHOWNTRETH 122 En b, BEY

its in mg/kg) HICEAEL T b B % b, BRI S 515

1 2 3 IZkhiE, sh(Vv) BEEVERZH T 2B TRIFHICD

Supernate microwave 120 SR % TS KBS H BY. X, BEBICARBED
digestion/ 252 252 256 LaEER UEREDIIRET S0 EbMbNT
HCI-HNO;-HF 5. Table 4 IZRL&H I, MHD DR, BHROR
Residue fusion/ bV ICEERBEEBONIEL Sb OO EIZF ER L. B
LiBO,*2H,0 381 362 573 EHMEEE TR SBLEREET 5. 2h
Total 833 814 829 i, BEE-THEE- 7 v bKEME AV IZEEIC Sb OO
Certified value 863 = [30] FERDIE TR - 12HAE, —EBPRSBOFE LHREY

FIZHEEL D, BEMIIRE LD LRI N
—H, As IZDWTIE, fEkH 5 RILEBERICHE T 5
EBERCBESIEHINBEEL 2> TV, 40, KEf%
T oA ¢, 2 BEHOBREEHIC >N T,
WA RAIRIL LW EASEES &1 5 7, REME & —B U e EA B 5N, RILERERIC As
X, Sb DHAWFERPSRIMBEICHANTEFERWE K OEEBXRERD N1z, ZOHE, BRARKF
85%) THo12ZEICDNTIE, Cr DBPESEFEFEICE TO As DEFMRESBEHR LIS WAMTH > 12D
BYHICHEEL TV AL, XISISEEERICERIBEL 2, 250 IEBSMBARTPEMEYIcBOTHEME S

[ ]: uncertainty/not statistically derived
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STZDPIZDNTIE, &%, BETHILENHS .
NIST 1633b O3 TIX, As, Cr, Ni IDW\WTid 3 &
HORMEEDO VTN HRIME & & < —B U 1-ER1E
SNtz Cd, Pb, Sb BWEBEMND L VIDICERTE
Isip otz

PQEdZ &Ens, BHMIKPOD As, Cd, Cr, Ni, Pb,
Sb #DH 9 5 1 ORBIRILEEE U T, BiEkn-
WEE-7 v (LKL MIC L5 MHD 238, Xid A F K78
DFILIZEBT VA )VRMBBESENTH - 12, KEER
TR EOREGEE D&, &, BIERR-THEE-7 vk
KFEIZ LD MHD QB 2RI A& & L.

32 #HTHBIRXERHOI KR

8 DA Z ABEHRIKHR D 6 JLHEZ DT U 1245 R
% Table 7 IZ/R U7z, 8 EOREBIIFEER N ENF
NRE LD, BILHRFLFTEIFERELVVELELTOE.
FTRTORBPEN CHREIRIKTH 0, THERLHER
DHET AN RN GRILKBLE, EUCAFE) 2L
HELTWALHTHEEEZ NS,

BEHIFRIK SN LS S N BRTIC, BELUEINS
EMRDBOENTNWSG, 22T, RIKOBEED (BKET
WGE) ~NOBITILL>Thb b3 NB ) A7 2EZD
kT, chs 6 TRORIKRTOFGEE LEFTO
FIGED & % B L, Fig. 1 IKRU. RIKHDICIIES
BT®% Pb, Cd MISMZ Sh WEBEICBRIATWLS
EMTp otz Ph BB SRR DREH 2 £,
Cd 13 Ni-Cd BB 2 &1, Sb BERBIEzE D
HRBIF s EIWESAVWSRTWVS., ThsDTHEE,
BRRAL A OB RS HEE W 12012, B/ 2 & 8EH
BETAGICRILL, TAGHBETRIKFICBEI L
rb0EEZOLNS.

B E T, BEHRIKOEENOIE R AR ICBIL
T, Cd, Pb BEOHRBIBEEESREZ WS & LIH
FOIWITFONTNEY, BARKPTOEERDE D
o572 Sb xR E U R AIE D2 0n. Sh ikal, B
HoBEPMLNTBY, EAETIE 1993 FiZ, B,
Mo, Ni &3k, ALK O K E BT E 1 I EEHIE
BH&UTHEHE (0002mg/l) WRES M. &%,
noDmHKE, RERERE L L TREESEREINS
EEZONSI S, FERYOELHERELE (RETER
13 BHIC L A EHEE) 9BV T L EE X N 5 A EEE
DH B, BRI, Osako H'OIERTH & A BEHFRIKHD Sb
DIRHFMEZRET L, 20BVAHELZERLTVS.
X, BE"MEETH I ARARIKF O B OAHAEZ R
LTW5.

BH, K5, B8, Xd, B ICP-AESIK LA RKPHEECEER

DIzHDTA 7 O 405

Table 7 Analytical results of municipal waste in-
cineration fly ashes

Sample
Element

A B C D E F G H

As(mg/kg) 36 33 24 28 22 37 54 26
Cd(mg/kg) 120 81 110 56 71 120 350 140
Cr(mg/kg) 210 240 370 320 470 600 590 220
Ni(mg/kg) 33 40 36 49 56 73 37 29
Pb(mg/kg) 3200 3200 2900 1900 2700 3600 6600 3300

Sb(mg/kg) 290 380 380 210 210 310 680 450
104 E
a 3 E
-~ L ]
g 10
~ E 3
<] o 3
2 1 ]
5 101} E
= E 3
g I
° =
S E
10-1 E
10-2 1

Cr Ni Pb As Sb Cd

Fig. 1 Concentration of six elements in municipal
waste incineration fly ash and soil

@ : municipal waste incineration fly ash; &: soil

St%, BEVRIEEN S SBEETHEOBHRENE %
WY 5 LT, EFBOBENTOLEN, BIlEE
BHLDEEZOLND.

1996 4E 2 A, %5 17 B&EEHTZR
SEMFERESICBNT—HPRE

X 79
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B ZAEHRIKROLE, TVvFEY, 706, HRITLA,

=
B

55 6 TS RRZEHR

— v )V R UOE % ICP-AES Tilf

EET 5 IHORBREFLIEEE LT A4 7 0imaaffE: (MWD) 2RRETL 2. MWD I3RS -
WEE-7 v (LKRIE SBIERRE-HEE- 7 v (LKEBRO 2 BEOBRBIC OV TR 2TV, X ¥RV
FILITEBT VA BIFELRET U, BEARERET 220 2 BEOBRBEE®SE (BCR Nol7s6,
NIST 1633b) 2 AWz, EEE-TEEE- 7 v (LKEBEIT L5 MWD Ti3, BCR No 176 DS DFE, 7

OAZBL 5TEEIZIOVT, BFHETIERLBELNNT.
WH )RS BAENH - 2. BIEERE-THEE- 7 v{LkERICL S

BIZ6 LRI ODVWTHET I2/ENE > L.

ICP-AES D7z DGR e s EETH 0, EFHBOSHITIGELU 1.

JULEEBTHIZHDICIE, BEYET
MWD T, 7 H ) gk s
BIERE-EEE-7 v (LKEBIC &% MWD i3,
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