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BT ER BT G ) < 1. 000 mg/mL, {5 i B 44 22
SRR R LR I W

KR ERFRFE M AR DK T R 4 L T TR
AR R A b 2l , SIS K R R B K
1.3 PSR
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1.4 PRSP SRR R ik

FREGARE 1.00 g TR UGS, A 30
mL F 7K, AR f# 30 min, FEHIA 2 mL ZHER , N
PEFME R B HE, A 10 mL SUEUK , 26k 2
295 mL, R B LK 2 100 mL 55,
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B0 20 ming,  FJRIERZ0.45 wm GLFLUE RIS UE,
FH ICP — AES {7 v 5c 4 45

S (AT < ) 25— 2P P2 UG R AR
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WeRE, SR 5 #E Cd F1 Pb WYk FEYE I 0 ~25.0
mg/L As [ EEJE I 0 ~50. 0 mg/L () R 5 b i
W INA TR TC R S 2 W 5 R B AE L 4% R
GUBRUETE RS, FAF R (SR BRI OR i 25, LA R
TR (T S TR 5 Y 9 T ) AR R AR I e — 3, AT
THPRELAR T

ICP - AES Ml iy 3 5 T4 E 20k AR
YH SRS AT ASL g s A
A R BN SR T, AR5 4y
S 25 VS TR AR R B AR ) T DU MR A T
PR H , W E 1575 20 14 B W 8 [, AR 52 56 %)
Cd i Pb #7717 B S F0BR , X As #4751 3L
1 SRR
2.2 JiiEEIE iR A IERORS %

FH 1.0 mg/mL {47 At L 4054 o fifh 48 VI 1 A
WER2E, 175 Cd 1 Pb UMk VS 0 ~25.0
mg/L, As [ BB DA 0 ~50. 0 mg/L, 38 2o {5
IR G PR ER R, T AR TR PRI, ink 1
7R, 45 T0 5 BIAHSC R BN 0. 99996 ~0.99999

S TSR IO AR, 43 48 11 7S (kg
DA (B 1Y 3 A hm ol O 22 , 9% PEaCRE I PR R £ %
TR E N T IR BR . R 2 Z5 R Bn, KT
AW 7 Bk R (30) Cd y 0.026 ~ 0. 147
ne/g,As 7 0.015 ~ 0. 219 pg/g, Pb 2 0. 017 ~
0.108 pe/g.
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Table 1  Calibration curves of elements
T SO bt R A
(mg/L)
Cd 0~25.0 y =53578x - 0.5997 0.99999
As 0~50.0 y=1531.7x +7.2654 0.99996
Pb 0~25.0 y=3125x +21.54 0.99998
%2 Jkkm
Table 2 Detection limits of the method
. oz 4 R ( g/ g)
TLRIES
Cd As Pb
A AR 0.023 0.015 0.017
TR R A 0.026 0.024 0.031
IE=RES 0.043 0.033 0.022
LA 0.147 0.219 0.108
#3 HIERNEE
Table 3  Precision tests of the method
Cd As Pb
ok i
) RSD i RSD ai RSD
(ne/'s) (%) (ne/'g) (%) (ng/s) (%)
o1 2.1 2.9 5.2 1.0 1.4 2.7
;i 2 1.2 48 13 5.0 0.4 7.8
3 18.1 0.4 16.2 0.4 0.7 4.5
. 1 4.5 2.1 7.1 0.4 0.5 5.6
;? 2 0.9 3.7 1.6 3.7 0.3 9.3
3 3.6 1.7 21.2 0.2 0.6 5.2
T 1 1.1 5.2 89.4 0.2 15.9 0.6
ek 2 4.7 0.8 15.7 0.6 1.9 3.7
3 8.3 0.4 199.1 1.2 4.5 2.4
. 1 0.6 7.2 221.2 1.7 28.1 0.8
ﬂ;{(ﬁ 2 0.5 7.3 60. 1 3.5 5.5 2.0
3 5.6 0.5 679.8 2.3 13.4 0.6

F 4 P BCR B4k iR GBW 07436 H Cd. As.Pb
A SRR (n = 5)
Table 4 The determined and certified values of Cd, As and Pb
in certified reference material of GBW 07436 with
modified BCR method (n=5)

. LB S RS E:U#S
sk

g WA fRMEE DR bR TE R
(ne)  (pg/e) (p’e)  (we) (pg/e)  (pe/g)

Cd 1.53+0.251.46£0.20 0.94 £0.07 0.86 £0.03 0.15 £0.02 0.12 +0.03
As 0.23+0.040.25+0.03 1.52+0.051.48 +0.04 0.47 £0.04 0.44 +£0.03
Pb 1.61£0.22 1.58 £0.17 48.4+4.6 49.1+5.5 5.1+0.34 5.4+0.23

2.4 Heby LHERER Y B

FRATT 2530 6 A-HES) T3 i A R b2
JEAR Cd As \Pb & 35, 45 G A S B I T 25 B 0F
W GRS, RS v UE AR AT RS
BROEASZ AU S BEAAHSE, ISR AE 84. 54% ~
102. 88% , FBHHR O HAT B I AT

6 L4 Cd As Pb PUFML AL A& & 5
SR E . 2R 6 AT, HEY - Cd 2L
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PR3, MY 60% L b, Hofth = FhAEAE TR 5P o 1
BN, FEX UMb, MR R R AR ik
B, AT RS0S4 8 TC R A 2 AR R IR L, R %
T 25 BT RS ki s AL 8 R S A0 A] B AL 25 8N A Ak
Y AL R MU S 52, nT AR e i, I
BT R g 55 5 AR S BB R rE IR R 28 IE B HEAR
AN HARMERE A AR R SR . R, 76 B 2R 551
T,Cd As Pb i AR TLR IO T AT 2840285 |
AR RS SR Z D, k6 SRR
T%,@“Fnuﬁ%%iiﬁqﬂ Cd ,As . Pb [ A] 38425 1]

W JEZSFIAT AL = FIE S BT A Cd(79. 40%

~94.94% ) >Pb(24.27% ~37.73% ) > As(22.89%
~31.51% ) , FRfEYEF Cd > Pb > As, WM +
e Cd Gygi B som B2

5 LHERERN Cd As Pb JBZ BT

Table 5  Analytical results of Cd, As and Pb species in soil
samples
Bt (pe/g) A
B M —— : » Gl
i WA e W s L R
Gy LR S iAoy am (%)
BE  EE AL Z A

Cd 2.1 4.5 1.1 0.6 8.2 9.4 88.2
1 As 5.2 7.1 80.4  221.2 322.8 333.6 96.8
Pb 1.34 0.5 15.9 28.1 45.9 41.9 95.9
Cd 1.9 1.34 2.5 0.7 6.5 7.1 91.9
2 As 7.9 10.2  116.8 428.4 563.4 600.5 93.8
Pb 0.3 0.2 4.4 13.7 18.6 19.0 98.1
CGd 1.2 0.9 4.7 0.5 7.2 8.5 84.5
3 As 1.3 1.6 15.7 60. 1 78.7 79.8 98.6
Pb 0.4 0.3 1.9 5.5 8.1 9.0 89.8
CGd L7 2.2 2.5 0.5 6.9 7.2 96.6
4 As 1.3 1.6 19.0 69.9 91.7 95.5 96.1
P 2.3 1.2 17.4 34.1 55.0 55.1 99.7
Cd  22.1 17.4 20.5 3.3 63.3 61.5  102.9
5 As  16.9 18.9  300.7 687.4 1024.0 1077.0 95.1
Pb 1.8 1.7 23.0  40.6 67.2 68.4 98.1
Cd 18.1 3.6 8.3 5.6 35.5 36.5 97.2
6 As 16.12  21.2  199.1 679.8 916.4 954.1 96.1
Pb 0.7 0.6 4.5 13.4 19.2 22.1 86.7
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26 Hebytderh Cd As Pb S RME BB LLSI
Table 6  Species distribution of Cd, As and Pb in soil samples

FIBAERBILHI(%)

BRS  WTH : :
AT AR RS SR
Cd 23.1 47.8 11.8 6.1
As 1.6 2.1 27.5 67.9
Pb 2.7 1.1 32.0 56.4
Cd 26.7 19.3 34.5 10.3
As 1.5 1.7 20.6 75.6
Ph 1.6 1.0 21.7 68.6
Cd 14.4 10.2 56.7 5.7
As 1.6 2.0 19.4 74.0
Pb 4.6 3.6 22.5 66.3
Cd 24.1 30.2 35.2 6.7
As 1.4 1.6 20.1 73.8
Pb 4.1 2.2 31.0 60.4
Cd 34.5 28.4 32.1 5.1
As 1.6 1.8 28.2 64.4
Pb 2.7 2.4 32. 57.5
Cd 47.8 9.7 21.9 14.9
As 1.7 2.2 21.1 72.0
Ph 3.3 2.6 22.1 64.9
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Determination of Chemical Species of Cadmium, Arsenic and Lead in
Mineral Yard Soil by Modified BCR and ICP-AES Method

HU De-xin' , WU Su-ru', LIU Yue-yong' , WANG Hong', WANG Xiang-dong” , LI Quan-bing"
GU Song-hai'
(1. Minerals and Metallic Materials Inspection Center, Tianjin Entry-Exit Inspection and Quarantine Bureau,
Tianjin 300456, China
2. Tianjin Inspection and Test Development Service Co. , LTD, Tianjin 300457, China)

Abstract: Heavy metal elementals can be enriched in soil at mineral products yard, which become a problem of
environmental pollution caused by elemental migration, transformation and circulation in underground water. In this
experimentation the modified BCR sequential extraction method was applied to the chemical species analysis of Cd,
As and Pb. Based on the properties of these three elementals, the chemical species of Cd, As and Pb were divided
into four fractions; exchangeable, reducible, oxidizable and residual, and Inductively Coupled Plasma-Atomic
Emission Spectrometry (ICP-AES) were used to measure the content of Cd, As and Pb. Morphological analysis
standard reference material GBW 07436 was conducted to verify the accuracy of the three step extraction state.
Contents of chemical species of Cd, As and Pb in soil from six mineral products yard were analyzed, including
contents of three step exiraction state plus the residual and the total contents of the desired metals elements. The
recoveries were from 84.54% to 102. 88% . The analysis results for actual samples demonstrated the contents of
Cd, As and Pb in non-residual fraction were in order as Cd (79.40% —-94.94% ) >Pb(24.27% -37.73% ) >
As (22.89% -31.51% ), which indicated Cd is easy to enter the biosphere. This method has resolved the
problem to extract the chemical species of heavy metal elements in soil from port mineral products yard, and has
profound significance to the treatment of contaminated soil.

Key words: mineral yard soil; cadmium; arsenic; lead; chemical species; modified BCR method; Inductively

Coupled Plasma-Atomic Emission Spectrometry
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