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The Determination of Trace Elements of Hg, As

in Coal by Atomic Absorption Spectrometry and
Atomic Fluorescence Spectrometry
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XBEBAZ PR K Z R R ~ A7 ppm £ ppb SR E T & 0 WA BB IEE T AN A AR R
ERHEFZHE - RFRB O AE LR TRIOCEES M - AEFMRER > APRE>IEH - FH
NIST * ERA T4niR EARHE SR » THAFRBEAL 4.7 1557 ppb Z MABHAZER £ < 5% » AIRE L
10—352 ppb X FlABFAZ AR £ < 10% * A AR T & ERPEEZ T ZA T E » £ 10—352 ppb X K48 #f
TR £ < 3% o AE AL R T AR S R ERAPFME LT RS TR EHEAE 86—97% X F -

Trace elements (ppm —ppb) of mercury (Hg) and arsenic (As) in flue gas from coal-fired process should be
accurately determination in view of environmental impact in the future. This study was aimed to develop the
analytical technique for trace elements by using several certified materials from NIST, ERA. Mercury and arsenic
in aqueous solution by cold vapor atomic absorption spectrometry (CVAAS) was obtained less than 5% of relative
standard deviation (RSD) located at 4.7 — 1557 ppb for Hg analysis and was less than 10% of RSD at 10 —352 ppb
for As analysis, respectively. The RSD was future improved to less than 3% for 10 —352 ppb As by using atomic
fluorescence spectrometry (AFS). Besides, the recovery of trace elements of mercury and arsenic in real coal
samples via microwave digestion was between 86 to 97%.
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Air Act Amendments (CAAA) IEFIFoK « IfEdff<E
TFARYYAEERE HAPs HYE G4 E - WHL 2005 4
INE AR BB ROR E HIFEME Clean Air Mercury Rule
(CAMR) - BREHIERE HHZ 5 RYER E
1970 FERZF 2GR - RRERIEERIER
22 R0 SR T B AR 2 et -

TR BB RIS By 0.2 pg/e® - T
G R P FR S22 B AR (bituminous coals) HH
5 9.0 £ 0.8 ppm * {EfGHE (lignites) F s 7.4 + 1.4
ppm® - (R AT B Bt EE T AT 2 R - BRI
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JEE BRI R 2 - R b pl B i Y
£R (CH;HE") » BT HFEZE Y ERIEEH,
IR - EARIEHZERE - ZRHEFE AR -
TEFRBIET & BB 7k ok & B Y%E ERR{E Ry 0.002
ppm » MR ZKAEHE R 0.005 ppm ; EFIERIE R
%5 (USEPA) JRAHLTE BRI FH 7K BRHE i K AT 25 5F 15 4
FEREE (MCL) £ 0.002 ppm®
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B\ Be N B E B B - fEREBIE T E RIS EiRTE
ERRMEAREEE KR 0.01 ppm™ -+ TR KIZHE
0.5 ppm ; USEPA 7 E B8R FH /K R HE i K AT 535175
YLFZRE (MCL) B 0.01 ppm® ©
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PUfE - Bl 22 R IRIOERES (cold-vapor atomic
absorption spectroscopy, CVAAS) ~ i F&& MUK

7% (atomic fluorescence spectroscopy, AFS)
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CVAAS ppb—% 0.3/0.2
AFS ppt—sub ppb 0.001 /0.0005
ICP sub ppb —ppb 1.2/ —

ICP-MS ppt—sub ppb 0.02 /0.008

plasma, ICP) Bk JERE & BEAE L L (inductively
coupled plasma-mass spectroscopy, ICP-MS) ° ¥4
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AREEEA Perkin Elmer PC-5100 AA system
(Norwalk, CT, USA) RIS EREE DU HE$Z FIAS
400 (Norwalk, CT, USA) HEj{L#EEREI = SLY
FEESE -
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He' » i “ERBEFBGRE T RE(LEGN KIS
WREFITE RPN AR - BAE GRS - R
JEHTEERC S o T M2 SnCl, B © £ SnCl, 0.3%
(wiv) &EFT - THEHTHE R R 5.31% » TTE SnCl,
0.75% (W/V) ~ 1.1% (W/v) ~ 2.0% (w/v) E2EE T FH%
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(R 22 B Ry 3.01% ~ 3.43% B 3.31% » AJ%I{E
B IERIAT R WOEEE S TR ICE T  SnCl, FE g 5.0
FEEEy 0.75% (W/IV) ° < 45/
FIAMEC A RIEEZES - A5 NIST g ol
SRM" 1641d KHRE G T - ERA WasteWatR™ 3
Lot NO.P165-154 7K -FoR&E RS » £ SnCl, 0.75% £ 3%
(w/v) ~ EREFLHE 100 mL/min (54 N EHERE L) 3.0
T=EES > BEH P HEEERE - FHKIER . , , , ,
RIBRELE 4.7— 1557 ppb Z[HHF - tHEHEHE(R = 0.0 0.5 1.0 1.5 20
SnCl, (%)
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2. 71 SnCl, iR $R T R K E R o7 48
AR £ AR -

TSR IR T (B - B AR B SR HE R
(g - EHEBCEERSX S ELRE
{58 = B ift BB R e Wi S5 Ly VB T T B LI - A

. e TEaEE | . B | R

MR B AR £ o | T R T TR 00b) | e o | e (o)
Merck 25 ppb 25.0 25.97 +0.38 3.88 1.24
ERA P165-154 4.70 4.66 +0.09 0.85 2.10
NIST SRM 1641d 1557 1608.6 + 27.85 3.31 1.73
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+ 3H,0 » FRHARE S AR FRIBOLREE
A 193.7 nm PR HIE HROEE - ETERET
AE 3 Fios e

NaBH, Ry [ - 7k eg R = (B B il &
b eh Rt B B e S5 A= R L S SRS @ As(OH), +
3BH, + 3H" — AsH; + 3BH, + 3H,0 - AREEEIH!
R[EEREE NaBH, 2 0.05% (w/v) NaOH tHEE 10%
(w/v) HC1 2£[EEH » RAERITHE S 50 ml/min -
o B MR B AR MR (R A2 B AR A I 4 PR - 7E NaBH,
3% (wiv) REF T - B RIEMHEITERE 4.46% © 15
HAE E B LEERE S Y R T i E
H o NaBH, 5@ R B 3% (w/v) °
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WasteWatR™ Lot NO.P171-500 /KF i o5& M
Bedl o 32E NaBH, 3.0% (w/v) » HC1 10% (w/v)
KI 1% (w/v) BLEHE R 1000°C A N EHE B
T =E 80 EHSEEEBEEERZE - 5K
VAR RS FE 10— 352 ppb [EIHF - SR HE(R
<10% °
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fluorescence spectrometry (HGAFS) » i H B P
S ANALYTICAL A » #5155 % Millennium
Excalibur * & RREHIIIITT R ZE R+ B EIRE I T
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7. & B NaBH, iR & 3 % 68 TR MK X Ap 5
rAa AR AR Z HMAE -

SR Z B - DAY bR S R R R
B=E - KA EERES X S(b Y E 4SS
B = E B R K i S R B E T Sk
J& - R bE - R HERERE AR TR
ot - UETERD -

[Al2 ZZRNFE(F = A NaBH, RE G -
{E NaBH, 0.2% (w/v) BT - EEAZEREN
JE o SRR BURE(E ; {F NaBH, 1.0%
(wiv) BT - AR R AR 2.75% @ 551
e S LY AR B SEIR T AR B - NaBH,
ROEEE R 1.0% (W/V)

fE NaBH, 1.0% (w/v) * &R & KT E Fy 300
ml/min * NaBH, i35 4.5 ml/min ~ HCI i85 9.0
ml/min P T KT 1% (w/v) A (S HE 5 2=
LA 3.08% » AIENERH S A pl R R ek ok
kg K REREE R 1.0% (w/v) » FRE 8 -

x4 2HHMECHMEEZEES - &
f& NIST SRM® 1643e /K& % - ERA
WasteWatR™ Lot NO.P171-500 » 3% 5] NaBH4

JEHRIE - AT HAGET TR EE T

1.0% (w/v) ~ i 4.5 ml/min * HCI 10% (w/v) ~ ¥t

% 3.
% KRR T RN AR b I B

e Z A AR R £ -

=R Y 1 e
e - | RS | SR PSR
Merck 10 ppb 10.0 10.14 £ 0.31 1.4 3.05
ERA P171-500 352 341.73 £26.32 2.92 7.70
NIST SRM 1643e¢ 58.98 55.02+£4.20 6.71 7.64
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e e | FEOEEE | gafmnes | fReHEmee | R 4
PR ~ | S nny | TR Cem o) | R 00) | BT R R R A B A A
Merck 7.5 ppb 7.5 7.54£0.21 0.48 2.76 X AT A £
ERA P171-500 352 340.67 £10.12 3.22 2.97
NIST SRM 1643¢ 58.98 62.63 £0.19 6.19 0.31

R 9.0 ml/min > KI 1% (w/v) » EAERTTE 300
ml/min BT - HEERLET=ZEE ST - 15
2 HIERAE R - HIRESE 10— 352 ppb 2 - FHE
FEUEfR2E < 3% -

[E R A (E A E T AR AR - AR 2R 5RR
TR ORI B i - e IR O R A P s 5
AT S A R T IRIBOERE I (FHEHE R R =
0.31—2.97%) 1 [7] — {15 52 & A [ ] P T P B P B 14
B E RS ZERIE FIRIOLREE (AT R =
3.05—7.70%) W15 5 -

h -~ EEREESXR - o

INE AR & 8B 2 HEBE © NIST 2684
Bituminous coal » 2685 Bituminous coal * DL/&
R BRVE AL FEE (digestion bomb) S E 1k
(microwave) FFETHIL T - KEEEERTE LKA’
B EAREFRBORREE - Rt RiorsE
FETRIE R -

{5 FH v U R VE A b S P T AL AR f » 3 BT
2684 J 2685 k0.5 ¢ B A SRR (L E
oo A 4 ml HNO; 82 12 ml HC1 #EF&E7K N g
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FHZ AR £ HAAE -

2 /NI R Al B EIRETTEIER - 1A S ml 5%
KMnO, 5 0.5 ml 12% NaCl : NH,OH = 1 : 1 Hf[
EEAE > RERESEE 25ml -

B 2B E LR BER CEM A H
4EEZ MARS R RS - (ERUR H LG
MR H 2684 K2 2685 BEfRS 0.5 ¢ B ATHLAENR
th o 53 HNO; 15 ml > DL 400 W~ JHLE 220 °C
TR 30 7388 E - Al BE R - TVKEEZE 25
ml °

a1 6 A - DAIRIHALIS B 2 B IR AT
75.9—92.9% Z [ » =R AR E LA bz =]
W 57.1—86.2% * EHRBIE BT - YfeSE
(2B - ERRRESS 2] - DA IH LR S =]
WCERITGREAE 85% LA E - I DAOH LR 3 A 2
TE AR -

7: * I\Egﬁ

AHFFE L D 2 L DU 2R R R R O R
% RIS E R KA I EK ~ ifIT
FZEEFM - FIH NIST » ERA FiTE AR 5
BB TG A R T Bl e E (B 2 AR A
MR AEGEIEHECANEE 2R - DI
RIRTF RO EFEEPR TR M Z 2R < 5% (REH
47—1557 ppb) * RSD (n =3) : 0.98%—2.10% ;
TR 2 258 < 10% (EEHE 10—352

& 5. R oA ik ALK

e | ERGE | EHER |
AT (50 (IDL, ppb) B fEiE
Bias < 7%,
HGAFS 1—10 0.01 RSD < 3%
Bias < 10%,
CVAAS 2.5—25 0.3 RSD < 7.7%
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‘ o NP men —= | o | HEENSE | ECE

AT R AL R Hg, | DO R TR (ng) (%)
As EE B E o NIST 2684 /Hg 48.7 34.0 69.8
FEEERTE | NIST 2684 /As 1950 1117 57.1

{LRJEM | NIST 2685 /Hg 29.4 21.5 73.1

NIST 2685 /As | 2415.6 2082 86.2

NIST 2684 /Hg 48.7 474 97.3

PR NIST 2684 /As 853.7 740.2 86.7

BrE(t NIST 2685 /Hg 29.4 28.3 96.3

NIST 2685 /As | 2415.6 2244 92.9

ppb) * RSD (n = 3) : 3.05% —7.70% ; LA+
W O T A S BT R T =R < 3%
(EFE&IE 10—352 ppb) * RSD (n = 3) : 0.31%—
2.97% R E T EECEE B EIER
86 —97% * REER = IREEHL S EN 57 —86% HE
IR E TR ECE -

R FEZ RN A FEY €8 KSR - B
WIEBA B N M R ETL 2 E BRI EEEY
K HEEHEERFEM - RS RKIVERFEHRE
;fg o
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