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Determination of cadmium in soil by using direct solid sampling—atomic fluorescence spectrometry method
ZHENG Bo!, LIU Xiao—wei", MU Li', XU Ya—ping', DAI Li-hong', FENG Li?

(1.Agro—Environmental Protection Institute Ministry of Agriculture, Quality Supervision and Testing Center, MOA, Tianjin 300191, China;
2.Beijing Titan Instruments Company Limited , Beijing 100015, China)

Abstract: The current methods for determining soil cadmium(Cd ) require complicated pretreatments. Here we developed a method to deter—
mine soil Cd by using solid sample—atomic fluorescence spectrometry. The method avoided element loss and improved the analysis efficien—
cy. Estimates by the Pauwels formula and Homogeneity (Hy) showed that minimum of 3 mg sample with particle size less than 0.3 mm( 60
mesh ) met the trace sampling requirements of the instrument. The power and time of sample drying were 50 W and 30 s, and those for sam—
ple ashing 70 W and 40 s, respectively. The Ar—H,(9:1, V/V') flow rate was controlled at 800 mL+min~". The instrument detection limit and
method detection limit were 0.016 ng and 0.005 3 mg-kg™, respectively, with the relative standard deviations less than 10%. The analysis
time was less than 3 min. The results obtained by the present method was not significantly different( P>0.05) from those of ICP-MS. In con—
clusion, the present method is quick, simple, and sensitive, and can meet the requirements of cadmium determination in soils.
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Table 1 Temperature—controlling programme

IR Procedure 2R Power/W F i) Time/s
KAk Ashing 50 30
JRAL Ashing 70 40
Z46% Pyrolyse 80 30
Hiligfk Capture 0 5
B Release 30 1
11k Clean 60 1

R2 RFERFZGSH

Table 2 Operating parameters for atomic fluorescence spectrometry

%, FK Name Z{H Parameter
JTHLHE Lamp current/mA 40~60
SCHIEIAE 7 1 Voltage for PMT/V 250~270
#/K, Carrier flow rate/mL-min™ 800
Jiwk <, Shielding flow rate/mL-min”! 700
255, Air flow rates/mL+min™! 400
(1) Trap (2a)
Dry%Ash Exhaust Vaporization IT[
Water T()rganic ML&L
—

(2b) (3a)
ad Matrix : ‘ Cd
From : Exhaust Hy+Ar 1o/ to AFS

Vaporizer ; )
Trap Release
3b
\‘%o e
Test Hy+Ar TCd

1 R EREE
Figure 1 Schematic diagram of analytical procedures for

SS-ETV-AFS

2 #HER5E

2.1 IRFNELBEFRL

o TR Z A AN ) 1 [ A i, It BT 1
TRARZE 5 B RN RIANTR] o DR AR BE A A
BF 1] 843 AL (AT it m i, ml BE % Cd ST &R 1
PR BEARIEICR . BN 100 wg- L™ (1 Cd ARifE IR,
FCAAN [T ma R A ARk, PATI%h 50 W
F170 W IR AR E A 100, oAt i — Ak b 3, 2%
FE < B IR ARG 0, i (520 RS 0, PR A5 IR 16T
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Figure 2 Effect of vaporizing power on normalized intensity
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Table 3 Optimization of ashing time
R SR ARDCRRERR2E S AR AR

Time/s Response values ~ RSD/%  Response values {22 RSD/%
20 13047045 3.0 1243 6432 8.8
30 748 349.3 1.0 865 346.7 12
40 10144982 325 1124 643.8 1.5
50 13652596 213 1296 543.6 13
60 732 982.0 26.4 964 265.8 21

W .40 s, AI0 R A PRRE ETHR AL S50 R 0120
JKAR 50 W .30 s, 853 Ak 70 W 40 s,
22 HERE

AT Ar-H, 1R A ey A 380, df
JE 100 wg- L7 1Y Cd FRif,  HOABCER R o 45
AISENR , & PRAE A A F] 800 mIL - min™ Fsf i i {
Tiermy R T A AR ME R 220 5.29% . B
PRARSEIE I, i 37 728 T KA, AT R it i il e 7 A
MBSO T (181 3) .
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Figure 3 Effect of carrier gas flow rates on normalized intensity

SR DU b X FH [] S84 b, 2 T BRI, 09l i
20.,40.60.100 Hfi, - H a3 5 e , 10%
AN E B 58 4] A2 o #i LA B s A B, &%
R 4 Pros.
x4 TRAMEBHTUE Cd FEFH H, ME/NBREE M
Table 4 Hy and M values of soil samples for Cd analysis at different
sample particle sizes

R WHon FRANRED,  ARAERHE  PXBUR m 2 M/

Mesh Time pe ke 2= RSD/% Mass/mg AT Hy mg
100 20 133.1£6.0 4.5 1.11 7.2 3.78
60 20 129.7+10.9 8.4 1.03 8.5 6.55
40 20 125.7+21.2 16.9 1.08 17.6 13.82
20 20 113.3+28.1 24.8 1.15 26.6 2348

T em S EELIE 20 Y- EI U ;s Mooy UNC=10%I0 [ £/
IR 5 by =2.752(P=0.95 ,a=0.05,n=20) .

t % 4 T LA H,60.100 HEES I He /T 10,
TS R 1720 .40 HFEEY Hy KT 10, Ry
SRR ZEANRE PRI L . PRI L, RS HBCKF 60
Hisk, FH ETV-AFS U2 - 3e0E i 1) fe/ NBURE S Rl
9 3~6 mg, FFE R RN E 25K
2.4 tRAEHZR R H R

W g E 4R &5, R E s ESZ Y R
FA) 7 R B b iz RV 32, DR b ke FH AR TR L o (1)
KA EY B ik, i a8+ Cd &
AN, T AR B LF AT AN [R) bR o h e 1) o
KT AR AL S5 (KT HUIA 40~60 mA Fi 7 &5
250~270 V), ] GSS-2 Fl GSS-5, PRI $hRifEY)
JE(Cd 1), 857 LA Cd JFiat (ng) A AL bR, 98 GAE R
WYARFR B FRAERIZR . XF 0.09.0.15.0.24.0.31.,0.37 ng
TRHREE Cd ARvER BT e A5 APk By 7R

Y=1980.5X+89.2, R>=0.997 9
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%t 0.42.,0.77.,0.94 1.04 . 1.62 ng F#J¥ Cd by
PN AR [ VA5 R N

Y=252.475 6X+8.629 1,R*=0.996 3

DA EZEREEW  DOLMES Cd Sk R, fil
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Table 6 Comparisons of ETV-AFS and ICP-MS
'S Name ICP-MS ETV-AFS
S1 150+4.2 152+8.9
S2 190+2.6 189+3
S3 188+2.5 182+6.4
S4 194+3.6 202+8
GBWO07408 135+4.7 138+6.3

7R HIBR 7 0.005 3 mg-kg™',
2.5 ERIREYRBINE

(AT i) 2 L bR A T 1 IE , DL
A A R AR 2 P Y LR A R N R
S, HAARIPE BRI iz ARk . ISR 5, B

A EITE R B AN 2 BETE L N
2.6 SLEREEmIET S IEHIE

B A 5T J7 K I 45 2R 5 ICP-MS 47 %) Ee
(£6), HZEHHB/RPEERN LSRR EE2ES

1 :S1.52 .83 .84 24 100 H HHERE S Ard GBWOT7408 bR (i h
(130£20)pg kg™,

3 #ig

AL T TR AR I -2 S HH () g v
ORI SR TR RN 35 50 W30 s 1 70
W .40 s, 7 Ar=H,(9:1, V/V )# S~ 800 mL - min™
AT, bR Ef A R 2R 7E 0.995 L I,
5P R R 0.005 3 mg kg™ (MERESR 3 mg) , SEBRAE

(P>0.05). vt R ] A T A BB it DN 1 D A Ml 22 RSD<
=5 BREVRNELER
Table 5 Test results of standard soil samples(n=3)
TR FERh S FrifE(E WM5E A SEIE K
Type of soil Name Certified value/png-kg"  Measured value/pg kg™  Average value/pg-kg”  Precision/%
NS U5 AT = 5P FSEES  GBW07402/GSS-2 71+14 73.6 71.7 2.52
70.0
715
AR B R GBW07403/GSS-3 6029 60.3 59.8 2.60
58.1
61.1
JPE R A s AL T GBW07404/GSS-4 350+60 333.2 3447 4.07
342.1
359.9
TR A £ 15 GBW07421/GSS-7 8020 86.9 89.4 4.03
935
87.7
HEPEHI W) GBW07423/GSS-9 10020 88.6 89.3 3.54
86.6
92.8
KT IX GBW07429/GSS-15 210420 206.5 215.8 3.78
219.4
221.6
CRCHITUERT TR GBW07455/GSS-26 14010 132.6 137.6 332
141.6
138.5
TR RILITRY GBW07456/GSS-27 590+40 570.8 591.2 3.00
603.4

599.3
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