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Spectroscopy and Spectral Analysis
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W, PLSZEK AR Cr, Cd A Ph i [R) B B 23 47 5 R, F 5% 1 & 4 b A2 v i) S L ERF T AR 2 7 499 JBE R Lt
Xof WERE AR XRE S 3 am B A 52, 008 T 5 48 2 AR 0 B A RN A% 4 R UOE R A ]l 5 min, OH™ &5 Cr*
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W LY, G Y BR K AN S PR 85 W Y R, IRtk XRF S ok 78 Xt
KR 4 R B BRI N 7 T A2 BIBR . AR 2 A R A
Yy T s Ak A7 Y B Ak B O R XK RE A IR 4 R AT R AL
45, WA XRF G346, 1 Oscar Gonzalez-Fernandez™'®
SN B A R AR T B TR L, R AIZER TR
D7 SRR A P 4 R T R W s 4 K& XRF OGR4
MT o AR 5 S 7 1 TR 32 1A 2 T 7k 16 4 P 68 45 VMR A L
PEME EP ORI S, RESR BT AUR S B, BB S
Bk, B5IHEEE  Melquiades 8507 Z538 T LA 5 ¢ — AR
HETF M (APDO B ZE B VIER, B AR pH XM T 5
AN 4B B AR A TUEY . R A UUTE % 50 K IR B
S A TR B TR SR K XRE 6% kI, {H % 7 ke LA SE
PAH R 2 T 2 Fh & Jm it 2 A %A EM, MU LA &
& JBICE R I ; Karina Kocot ZM P — 2, % Fi AR & 3
R4 (DDTOME R A 50, R I 43 HIOROB R R AR % 7K
# 1t Fe., Co, Ni, Cu, Zn, Se #l Pb JC % A0} & 4 } XRF ¢
TERTI, HZ 7 IR A AR, A5 510 Zwkis Y, mik
FREAVE S R R s BT 4G, ME DA SE KR 2 Fh 43 )
TG FR P o3 Bk

EEXE b ] B, A 5T LA SRR B N B A A ol D TE
R F L UUVE 1 R B & A KA Hh B 4% (Co) L 48 (Cd) R4 (Pb)
g % Cr(OH),, CACOH), F1 PbS L3 ¥ 47 £ 77 W fh & LA
Wl Cr, Cd 1 Pb ¥ 5] 43 45 () 8 B AR 5 OF 1E 47 RE i (8 180
XRF S 5 5001, BF98 7w 48 5 A2 vp T 3 S 0 i) AR
N7 4 BE IR B o B RE i XRF S 3% 58 B 1) 52 i) LA 8 B 4 X
NEF A, IR E AR TS AN [ U R AR 5 2 A0 R HEAT T RS
B 5 K A [ e 3 R IBERE S A LR Uk B 55 ICP-MS 7 ik 4%
B e JIE 047 %5 B A3 AT o B8 E T 4 5 XK BE R Cr, Cd
M Pb &% @ TRTREE N IEMNAMESD Cr, Cd
1 Pb 1y X 58061 & = M ik, DASE K A Cr,
Cd Al Pb iy [l B PR3t 43 B 54600 . S X4 2k 9% o ik ik %k
TR 22 i 4 T 1 [ e o 7 2% M U0 A 4

SR

L1 #HR5RF

ER AT (Pb(NO; ), » 43 #T 4, &5 =99 806, RHT
JAE AL T A RAFD . B (Nay S« 9H, O, /3474, &
=98 0%, K@ R4tk THRA R, 6§84 (Cr
(NO;); « 9H, O, 4p#74li, & =99 0%, KR ek K
b THF5EID » S (NaOH, 2 #74l, & 8m=>96 0%, I
B AL A EGIA RA FD . EALHE (CACL - 2. 5SH, O, 4357
g, HiH=99 0%, REMHRERELRARA . KM
7K A Molecular #4li7k . Je kLIS (FLE K 0. 22 pm, H
ok A7 mm, ISR .
L2 {Xs§

SHB-IIIG B FL2s 55 G M K IR T3 A IR A | . XT-
Mul #4541 28 8 I8 T8 A A0 VA 30 4 T 302 B 3 B
N PHS3C UK %% pH i ( BRI EE) ). X Series
HYH B A 25 B TR A (96 [ Thermo Scientific) , 250

mL AR S A G UEFR IR N D42 12 0 mm, b3 HAR
21 mm) .,

X G20 %56 06 3% 43 H1 AL (Amptek 2 7)), H kIR A
Mini-X ST 4, 404 Ag B8, HHTHA 2 A 10 mil #Y AL H)
PUEDE R, PRI S O ik R R I A% (SDD-123) , Xf Fe JLHR

Ko B M B 9 53 M0 125 eV,
L3 7iE
L3 1 AR/ BeH)

VERRFR B — i Cr(NOy)s « 9H, 0, CdCl, » 2 5H,0
M Ph(NO;), I L8 F K55I B S 100 mL ¥R B 0. 01
mol « L™y Cr*", Cd*" Ml Pb*" AREff 45 W, FH B F k0
T 25 R B LATRC ) i — R AR JE C° ', Cd™" #1 PP
FRUE TAEW

HER AR — & B 19 NaOH A1 Na,S « 9H, O Jf: J 8 T
K43 ST i B 100 mL ¥R JiE g 1X107% mol « L™" A4 A7 T AE
W . NaOH il Na S #rifE TAE R ZE B AHIBC . H Nap S il %
TEE T AR I R AE .

L32 %, BFE0gE

3R SRR R MR E g CP L Cd2T #n PO bR HE T AR
10 mL J* 50 mL /NEEARH, $EPEIR LR now *
LA ong + ompy, =2 ¢ 1, 43 510 BOAH B 44 AR i
NaOH 1 Na, S b3 #E TAEWR . S48 1% I B L& /N Be A vh It 4
5, R 5 min J5 . #ABHY Cr(OHD; ., CA(OH), Al
PbS PLHE 14157 B V7 VA 0 5 ok A0 3 vk AR AT Bl (0
VER ST E AT e AL IR A . SRR R B R B = SR L
b, T 40 CHEFE P HET 20min, BPA[#75 Cr, Cd #1 Pb Y
FERE S, LSZHR Cr, Cd N P B4R
1. 3.3 XRF tigm &

15 X R R TR E N 40 kV, TR N 20 pA,
I 2% 10 I 4 Bt ] A 120 s, [k R B ] K 6. 4 s, 8
R AT AT, BERIE RS X2 MBI R K P32 1 om 9 52
B4 E T . X bR A A ) AR S R AT XRE 6 R &
XRF St 1% iy g 2 ¥ Bl 0~30 keV,

ne =541,

N —r .
Nou * Ncg — 9 °

2 HRHTHE

21 RMEH®RE

Cr(OH)s, Cd(OH), 1 PbS ¥ At 49, H iR
BUEHE[H P Cr(OHD,: K, =6X107%", Cd(OH),: K, =
2. 5X10° ", PbS: K, =8X10 27, [ MR Ik it i vk 38
[l & A Cr, Cd Fl Pb By 7K & W T im ADLHE R NaOH il Na, S,
W PRy Cr*, Cd*" fl Pb*" 5 OH™ I S 4390 & 28 IR
A Cr(OH) 5, CA(OH), 1 PbS HLIEMi ATt ¥ S B7 T
WO L= (D) —R G AR T, 8 %t B R a7k,
B Cr, Cd Fl Pb ¥4 43 4 09 TEERE &, SEBX KA rh Cr, Cd
I Pb I HE 4.

Cr'" +30H = Cr(OH), v (D
Cd*" +20H = Cd(OH), (2)
Pb*" + St = PbSy (3)
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23. 11 1 26. 14 keV it FAL 52510 Cr TR K Ko F KB $H1E
e . PbICER Y La HI LB FHAETEIE . Cd JLR MY Ke Al KB 4§
I . FE )5 R, L2 ) K2 BRAT Y M 2 L H
o 72 ) K JZ BRI AMEAR K, [/ B M R T 1) LR BRI
LA L HAl 72 ) LR BRI ER R, It =Rt R W
a FFFAETE IR0 R T B AR FRAE I W 9008 . A5
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Fig 1 Energy dispersion XRF spectrum of

Cr, Cd and Pb thin film sample

2L 1 RSB

A 10 mL ¥R B R 55 44 X 107° mol « L'y Cr
(NO;s)5» 50. 04X 10° mol « L' f§ CdCl, HI 1510 X 107
mol « L™ Pb(NOs), #RAEWE W, #& Lo 4143 51 A NaOH
B Na, S Az UUUE S« 28 AN [R] R iy B i) J e 390 3 ¥ 40 5 I
WA I LT, # 4T XRE G =, W2 (DG Mt
Az R A P T R B BRI 4 Ak ST BB AR RO . R AT A%
FeA T, i gt B R B fe 4 il A i UC T R & A A
¥, R KPR TUTEH VT, FIEE AR ST R 51
WEBERE A, DN AR R DU B9 R0 B )R R0 K. BF ST
T UTHEAE KR E] A 5 min LA P A ARURE B 9 1 5RO DE
SR B ) A AR A O 2 SR 2 TR

WL 2 vl LLF W % T Cr, Cd # Pb @ BERE & 76 B0
HFA] S 0~0. 5 min P, %€ 658 B Bifl S Ry A [ % 38 o T pe i
T, BEBITE 0~0. 5 min Y, WK C° 5 OH, Cd*'
A OH™ K Pb*" 5 S ¥y 4bF et ) 1 B I ¥ 14 B AZ A A
B B L 0T TR 11 e A% b 1 A L S0 3 e o g e AR R ik
JE E @ Cr, Cd R0 Pb T Ve BEAS W88 s A8 [ W B[] 2 0. 5
~3 min PN, 2GR B A R B E) 6 AR A g8 T,
HRECAdILHE LFRTLE, AT 0. 5~3 min N, W HM
Cd** 5 OH™ K#4r & Bt 5 hi 56 4, AT Wi CAdCOHD, BT
VEORLAT AL F 2218 A 4 B BE o R AR SR8 6 DR I 38 Ao e 208 4
BRI LAy Cd ST Rk A BT MIAE %0 R, i )
g Ph TS ST R Cr T 5 OH™ 454k HR BN TE BT TE 1Y
BAZ RN A A B BE 0V SRR 1 L A 8 R T B b R, PR U
a2 FUE M i Pb A Cr o0 2% 9k Bl B 7 I i) 9 %

TR 4G T, A I 1 2 ' R R T R s 2 R [ AR
3~5 min [, Cd JTCE K NIRE ALK, 1 B 7R 1% 0 8] 1
W RS Cd*" 1 OH e b 2k it CACOHD, B ik 2 i - i B
Br, ik dhuE m e B Cd LR WEALAKR, Wik
AR 1) 9 o' 3 B b AR 5 1 RE L i #E 1% R BRI Y, Pb AT Cr
JGF W 6 B B SN s T A SE AT A T R, (H 0. 5~3
min B 5] B P AH L B0 A S R O R4S, UGB IR BE N
Cr*™ 5 OH™ = Jif 4k i Cr(OHD 5 PL¥E & Pb*™ 5 S*7 i A 1
PbS FTIEAT A 15 B I 2 0 R TR A, b iy Cr'?
5 OH Kk P 5 & K#HC RN TS, EL4TF
Cr(OH); YLE M PbS TUTE ORI 22 18 Az K By B, P b 3 2o J 308
WAEFNEMNL [ Cr A Pb JC 2 1 4 B BE U0 € SR B ] 1 48
KA RS VE RGN, AR 098 650 B A R I B R, 24 RO
) A8 5 5 min J5 . SEE R I Cr Fl Pb oG 2 98 %58 B A %t
H B . (A PbS £ B[R] ) 2 K fohs 18] & A 141 0B Al K
PeBURYTIE I R AE VIR, SZ MR RE S i 3 5 M. R H
eyt vE vk IR B 5y K REth Cro Cd 1 Pb 6 £ 1 RS 5 1 B
SN [E] R 5 min,
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Fig 2 The influence of reaction time to fluorescence

intensity of Cr, Cd and Pb thin film sample

212 REMHERL

FH AT SE B H 45 Cry Cd F1 Pb WAL &, CFP 5
OH™, Cd*" 5 OH™ K Pb*" 5 S (% L i ) bb 45 % ¥ T
Cr’*, Cd™™ A1 Pb*" (9 UL ¥E I hj 72 i X € B - Cr, Cd il Pb
TCEMNFEERAEEEN, 72 OH 5 Cr*" By EE /R L4 5 K
3,3 25,35,375,4,45,5H6, OH 5 Cd* (/R IL
A2, 225, 2 5,2 75, 3,3 5.4 M5, &S 5Pb Y
FEIR LAy 1, 1.5, 2, 2.5, 3, 3 5 Fl 4, JTTE K B 6]
5 min AT, BFSE T R[] B2 4 b A5 i 45 1 o 5 A 5 o
Cr, Cd 1 Pb JC 3 RHAT 315 W € 6 0 B 19 28 k15 00, 45 1 an R
3P, WNE 3T LIFEH, T Pboi#, i S 5 Pb*’
BB JR Lb B B8 9% SR B S8 KR /N . FEEE R HE H 1 3
TNE) 2 B, SERTREE SRR, FEEERE R 2 B, SRR E
RBRKAE, Bl S5 PL* T EESR LR 2 B, WP ST
5 Pt [ A B PbS UTYE R 58 4, il i 08 w4 AR IR
& By Pb LR & ok, HEERILKRT 2 0, 2608 B
JEE SR K 0 386 R BT T M 106 B 3 o el o = A B L 1 1 PbS
PUERE S 5 P! EEJR LAY B KT8 A . X A R T UL
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Wiy Sk w . H 5 PbS ¥ E 2 4k 28 O AR R AR
PbSE L= (O PrzR I, T b s A0 AR £ AT Wi 1, A5 2R
B PbS PLIE Wik g Mk > . R S 5 Pb*7 BE/R LAY A
Wi s R, S8 s R BB AR by PbS YUTE R Z 0>, Bk
588 JEE AT T AR AT . DRLOROR A% 5 i T AR WM R ) P T R A A
WIERES . ST 5 PO R RALEE R L 2,

PbS + S = PbS§ 4)
60000+ —— OH:Cr
- = OH:Cd
§ 50 000 1 —— SPb
o
2140 000-
g }
= 30 000 4
J.r_."
2 20 000 -
g
=
& 10 000 ‘
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B3 AERBEWEFIF Cr, CdFa
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Fig 3 The influence of reactant ratio to fluorescence

intensity of Cr, Cd and Pb thin film sample

$F CAd I, %M AR OH 5 Cd*' BE/R i B4
MW K, I ELEEIR HLAE 2~2. 5 22 8] 9% 6 o8 J3 448 i iy
JE HEE SR BUAE 2. 5~5 Z ) 36 m g 2R B AR, R O s
B OH™ A F T #E R h i CdT 5 OH 15 Cd(OHD, VLI

F R, I EEEIR R 2~2. 5 BV W S v AR R
IRHH 2 5~5 WAL, BAAF CI 5 OH WAL A,
PN R % s AR WA P Y Cd oG 2 A M RE . OH
5 Cd*" (Wi EE/R Lol 5. 0.

Xt F Croc# . %R OH™ 5 Cr®" WY BE /R Ho i 34
TR, FIEER LR 5.0 B, 28GR A oK fH, D60
OH 5 Cr'" WEE/R LR 5 0 BF . WA OH 5 Cr*' i
A Cr(OHD, PLTE R 58 4>, B A3 o 3 o & 4R 76 JE I 1 %
CrmEBWRERK, M OH 5 C°" (/K LL B m# 6. 0 B,
YNGR B E S EE R H Ry 5.0 0 B A ELA BT AR, 3 IR O A A
B Cr(OHD s PLIES S W i & i OH - TESR B 551 T &
ATA R, WX ) FiR, M6 Cr(OHD, Wi ve % i, Mk
0 R A Cr oG R R WD . 9 60 I A
DR SR % 07 8 T S MR T A Cr 0 3 & AR . O
5 Cr B AEBE R LR 5. 0,

Cr(OH); + OH = Cr(OH); 5
22 HE#SHIERE

X+ E SR AR, AR R X EORF W 6 A E
HE4T XRF G & . A4 Cr 5tE Koo Pb THE Lo M Cd 7T
F Ko B AE 3 06 5¢ 6 35 B (14 48 3 A5 M 4 22 (RSD) . 2k ) b 78
JERE SR A0 1 . AR BE Cr, Cd HI Ph W RE 5 9% 6 5 B
HORE X bR AR 22 AN SR 1 iR, N 1 WP AT LU, %+ R
it JEL VR BE 43 SIIAE 4~550 pg + em P Z A AR [E R B Cr, Cd
1 Pb HERERE &, AR AR R 22 35 /N F 4 8%, S Cd o6
2 MR MER 222N T 2 1% . B3R % & 5 7 kil 15
B Cr, Cd #1 Pb # BERE 5 10 39 5 M8 AT

F1 AREKECr, PbFlCdEEER6ANARMUELRABRENENIREREE

Table 1 Relative standard deviation of fluorescence intensity at six different location

in Cr, Pb and Cd thin film sample with different concentrations

Cr Pb Cd
i W/ (pg » em™%) RSD/ % W/ (pg » em™%) RSD/ % WE/(pg » em™?) RSD/ %
1 5 495 2. 16 4. 845 4. 62 4. 956 1L 75
2 10. 990 413 9. 690 3,04 9. 913 1. 99
3 16. 486 3. 27 14. 535 2. 30 14. 869 1. 25
4 21 981 395 19. 380 4, 54 24, 782 1. 51
5 32. 971 4. 02 29. 071 319 34. 695 1. 87
6 54, 952 3.00 48 451 2. 84 49, 564 1L 79
7 76. 933 1. 87 67. 831 475 99. 128 2. 02
8 109. 904 0. 98 96. 902 2. 31 148 691 1. 39
9 164. 856 1L 01 145, 353 0. 38 198 255 0. 99
10 219. 808 3,04 193. 804 1 22 247. 819 1. 74
11 329. 711 3. 52 290. 705 2. 20 346. 947 1. 25
12 439, 615 2. 81 387. 607 2. 58 495, 638 1. 27
13 549. 518 1. 02 484. 509 2. 50 693. 846 1. 56
23 EEEXERR B 5 ICP-MS J7 &l 75 B ok BE A 647 X Lo 4 A, B iR iX s 4R

BURRMBE M Cr* o Cd*" . PYT AR MEIE R 10 mL, &
OH 5 Cr*" EE/RIL A 5.0, OH 5 Cd*" BE/REE 5. 0, S
5 Pb*T EER W 2, UUBE SN AT (] 2 5 min 5 4F T, RAL
UVE R ] & AN [V Cr, Cd A1 Ph #ERERRF, JFRE R0 R

J7 R KAEF Cr, Cd A Pb =Fc B EHE R, Gk 2
FE7R o INF 2 0T DL A [ v 2 i S 5 Cry Pb Al Cd &
R B/ MES I 91 72% ., 90. 08% F1 90. 39% , W AER
YREIRE) 900 LA b, BEWISR FIZ O iR RE 4 S MUK FE T Cr,
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Table 2 Enrichment rate of Cr, Pb and Cd element in thin film sample with different concentration
P Cryf/(pg+ em™?) Pb ¥/ (pg + em™2) CAd ¥/ (pug + em™2)
BN ICP-MS WER/ % BN ICP-MS BEER/ % i ICP-MS EHEE/Y

1 10. 682 9. 797 91. 72 20. 662 18 612 90. 08 15. 501 14. 011 90. 39

2 75. 030 71. 266 94. 98 100. 629 92, 464 91. 89 120. 060 111 748 93. 08

3 150. 818 140. 603 93 23 210. 624 196. 509 93 30 228. 577 215. 257 94. 17

4 268. 122 266, 284 99. 31 448, 247 421, 592 94. 05 346, 947 335. 945 96. 80

5 476. 243 469. 355 98 55 756. 746 716. 068 94. 62 695. 591 680. 884 97. 84
Pb Al Cd =75 % 1 ] 16 5 42 . 300 000 X e

Pb measurements #
5 250 000 i rd
2 4 XRF (i EERNN g 2
2200 000 >

X AR . XRE G RE 5 A7 04 56 7R %500 7] 220 AS 3 E o
LSBT TG 3 MW 15 9 BRI B SR X R RO R i E 1500 pd
K= 6) frR g 100 000 S pEemmey

I =aXe+b 6 S so0y 7

Kb i AP HTCER . a Mo WHEME YRR, o N = 0-___/'/
BOPHTTE R IOUIE L WS HT T R G 3R E 0 100 200 300 400 500 600 700 800

A4 HILL Cry CdFI Pb ST E 1Y Kas Ka Fl Lo R AE 3% Concentration/(ug cm’)
We BB % . 463 2 ORI EE Cro Cd A Ph 0 BERE 5 Bl 6 PbITIRAYEIE i
B XRE Y225 (135 B3R5 . % 70 2 B F 1 U 3 47 0 Fig 6 The calibration curve of Pb element
g LR ZOLTHER R ZOEME . DL ICP-MS iyl & 25

ZA T 8 4> B T, = 435. 4766 3X e, —5 137. 597 09,

SFIRE T BRAEVE BEAE . dtar Cr, Cd F1 Pb =T 2 1 K2 o il

L, BRME 4K 6 s, N 4B 6 W LIFE L, =FoT
d
2 200 000 Cr-mieasiements e
g L Lu:mr fit _,//
=]
% 150 000+ i
B
=
£ 100 000+ /./
-2 .
g y- ¥=5 137.597 09+435.476 63*X
E 50 000 D R=09973
S s
/
4 [
= 0 %
0 100 200 300 400 500
Concentration/(ug-cm?)

4 CroENREHLZ

Fig 4 The calibration curve of Cr element
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Fig 5 The calibration curve of Cd element

Icg=126. 1743 3 X ceq — 2 696. 009 25 F1 Ip, = 406, 523 13 X
pp— 322 400 41, RYEAASEREL ~ 43514 0. 997 3, 0. 995 0
10999 8, HBLAT WL Cr, Cd F1 Pb JHf BE AR 5h Y BT 2 )5 3 ik
FE R D ek BE 2 [ B A AR W I R R

L3 525 (g B RE 5 10 YR XRF J6 1500 & AR R 2% S,
S AR o 1Y B Kk o8 XRF 56340 8 5 5 i 4
FR(LOD=3S,/a), H 2 HIEEME ML Cr T Ka, Cd I
F Ka Ml Pb JCE Lo R AE 15 W A7 B A0 10 YR 1 5% % 5 B 1
FrEAw 220 3 K 47. 201 8, 54. 972 8 1 51. 036 5, M Cr, Cd
1 Pb = FhoC R 09 BT & )R B ok B A I R 4 0 k0. 325 2,
1 307 1 A1 0. 376 6 pg+ cm *, A MBAE S E 48 &L X
HAEMDN L 2 cm, PLIEBRREKFERE (V)N 50 mL 3155,
AR = (7)

D 2
LODyy X 1% (2
LODgy — L()Dii}‘f xs_ T - Z)
A LR R 0 T e JEE R U B R B 2 8 g K AR

Cr, Cd f1 Pb Eﬂmﬁﬂﬂzﬁﬁﬁﬁﬁﬂﬁ 7.4, 296 185
pg o L71, MR FCE K EE A HERChR #E GB 89781996 ) Cr,
Cd, Pb = Fp 70 3 1Y d5c = S0 10 HEWCMR B . 25 1 43 b7 T A LA
NaOH F1 Na, S HUTTE R, R FI 300 5 5 & 4L K A& i
Cr, Pb fil Cd 7 #t47 XRF 61500 & . AR 4 SCEFE N H F Tk
Az 7 BTG HER 75 K Cr, Pb AL Cd 1) [ BERSHE 43 47 5 46
.,

3 45
DL 4 AL B R B AL B BT A . R RS B B A T K
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A Cr, Cd Al Pb 9 X G5 2R 52566 335 [ B M 53 07 5 v . 38 WA KA Cr, Cd A Pb Y X428 26 6 638 i1t
X Cr(OH) 5, CA(OH), 1 PbS ¥t 3 34 & 7% W i vk il i IIHTEIRE IR 2B 7. 4, 29 6 FI 8 5 pg e LY, IR T (IS
Cr. Cd #1 Pb ¥ 5] 73 4 i W AR 5 9 i#F 17 Be & (0 8 XRF 5k KA HERRE M GB 8978—1996 ) Cr, Cd 1 Pb (& &
P B T A A R R O YE B Bt [N R ) JEE UK HE 1 VEHE AR B S BB 0% ST R T Tl AR 7= oA 3 HE T ¥ K
FAE RN 5 0F s T BT X KEES Cr, Cd I Pb B R o Cr, Cd #1 Pb 9 7] iRl 43 47 5 46300

FIREEE 9090 LA Iy M IIFRoRAEKFEIRELR 50 mL B, SR H
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Study on Simultaneous and Rapid Analysis Method of X-Ray Fluorescence
Spectrum for Determination of Chromium, Cadmium and Lead in Water

GAN Ting-ting" *, ZHAO Nan-jing'* , YIN Gao-fang', XIAO Xue', ZHANG Yujun', ZHANG Wei’, LIU Jian-guo',

LIU Wen-qing'
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ment, Anhui Province, Anhui Institute of Optics and Fine Mechanics, Chinese Academy of Sciences, Hefei 230031, China
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3. Army Officer Academy of PLA, Hefei 230031, China

Abstract Coprecipitation method was adopted for simultaneous enrichment Cr, Cd and Pb in water by using sodium hydroxide
and sodium sulfide as precipitant. The precipitation homogeneous suspension of Cr(OH);, Cd(OH), and PbS was filtered to
prepare uniform Cr, Cd and Pb thin film samples. The energy dispersive XRF spectra of thin film samples were measured in or-
der to realize simultaneous and rapid analysis and determination of Cr, Cd and Pb in water. The influence of reaction time and
molar ratio of reactants in the process of enrichment to the XRF spectrum intensity of thin film samples was studied. The precip-
itation reaction time for 5 min, the best mole ratios of OH~ with Cr’" for 5. 0, OH~ with Cd*" for 5. 0, and S~ with Pb*" for
2. 0 were the optimum reaction conditions. The homogeneity of thin film samples with different concentrations after enrichment
was tested. All the relative standard deviations of fluorescence intensity at six different positions at enrichment area were less

than 4. 8%, which indicates that all the thin film samples are in good uniformity. The theoretical concentration of thin film sam-
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ples with different concentrations was compared with measured concentration with ICP-MS method, which confirms that the en-
richment rate of this enrichment method for Cr, Cd and Pb in water can reach more than 90%. According to the fluorescence in-
tensity of the thin film samples and the concentration measurements with ICP-MS, the quantitative analysis method of X-ray flu-
orescence spectrum for Cr, Cd and Pb in water based on the above enrichment was established. The linear correlation coefficients
of Cr, Cd and Pb calibration curve were 0. 997 3, 0. 995 0 and 0. 999 8, respectively. When the volume of actually collecting wa-
ter sample for 50ml, the detection limits of Cr, Cd and Pb were 7. 4, 29. 6 and 8 5 ug + L', respectively. All the detection lim-
its are lower than the maximum allowable emission concentration of Cr, Cd and Pb in (Integrated wastewater discharge standard
GB 8978—1996). So this method can realize the simultaneous and rapid analysis and determination of Cr, Cd and Pb in the dis-
charged wastewater of industrial production and life. This study provides a basis for simultaneous and rapid on-line monitoring of

a variety of heavy metals in water for X-ray fluorescence spectrometry.
Keywords X-ray fluorescence; Heavy metal; Coprecipitation; Film enrichment; Simultaneous and rapid detection
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