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Determination of Chemical Morphology of Heavy Metals in
Soil by Vortex Extraction and Improved BCR Method

YANG Hua, WANG Yanli*, LI Lirong

(Tianjin Ecological Environment Monitoring Center , Tianjin 300191 ,China)

Abstract The chemical speciation of heavy metals in soil can better indicate their mobility and biological
toxicity. The traditional method of chemical speciation of heavy metals (BCR method) is affected by its
long extraction time. In this study, the traditional BCR method was optimized by vortex extraction. The
chemical speciation of Cu,Zn,Pb,Cd,Ni and Cr in soil were tested. Rotationl speed and extraction time of
vortex extraction, precision and accuracy were also investigated. The results indicated that the vortex
extraction effect was good when the vortex rotation was 2 500 r/min, the vortex extraction time of acid
exchangeable form was 10 minutes, the vortex extraction time of reducible form was 10 minutes, and the
vortex extraction time of oxidizable form was 5 minutes. The applicability of the method was verified by

using soil reference materials. The detection limit of six elements was 0. 4—32 ;g/kg,and the measured

values were within the range of standard values. Besides, the relative standard deviation was 0. 30 % —
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5.5%. The utilization of vortex extraction-modified BCR procedure had fast analysis speed and high

sensitivity, which can meet the detection requirements for simultaneous determination of chemical

speciation of various metal elements in soil.

Keywords

A R PR R ) B Ly I AR OR P
VMR, PP ES B RAEH G RE.C
I BB AU Y K ) — . HETER XS b
G @ R TE . K 22 4b F B KO, 3R B A S BLAT
LR ((ER (L ue we s A E g MU S o (ST a1 (= T
VFZ W50 R W] 46w 78 3R 58 b 3T B v A AR W) B
M F B T HAE R LB

TE AT 0 &G R A RS R &
GBS 4 R IE A BVRR 7] A2 4 25 (F1) Al if
JR A (F2) Al A A (F3) FIgkiE & (F4) o B 8
I WA Tessier H 40 i%E 22 3 WU , WAL (R bR 1 P
JiiJ&) (European Community Bureau of Reference,
fii#x BCR) #2 11 # BCR = & Bt #1 TESSIER
SR I B BCR $2 B B O R AR
DIk L, Tessier 35K ik 5~6 h, BCR % J o if
BCR KK 16 h, 43 25 4 By ) B4 o il i o i 12

T3 e B 7 i T AF R AR B 5200 3 0 Tz L H
R P v o T B £ 3 25 22 8% v 00 WA 7 A s U A
T35 B e o0 IR A 1 B, AT TR & Vi
WA/ T BL 2 4R R/ AR R BRI A 520 . A SR T i
JREHR 3 s XoF - A T R AT i BB, ST TR E 4 -2
it BCR 25 %€ 4 48 v 8 45 A7 A58 10 5 vk 2 i
AT 7 18 T8 Ty 28R 45 Ak 27 1 25 31 B a) i) £ Ak X5
25 RS % B A BE SR IROSCR IR AT TR IS T
VU 5t 10 S 6 5 R . 3 g o S B A i
fRJ5 7 2 aE N 2 HIETh ZROT R H A R AR S
R A I 255K

1 SCIGERS

L1 UR5EF

Agilent 7700X Ht Al & 55 5 114 BT X (&2 4
R A R 2 7)), Thermo scientific i fig & ¥ 4%
(IR KA R BHL 2 7DD L LD4-8 8.0 HL . Milli-Q
afi KAl .

i 4 A VR B bR ME T W (100 mg/L) i g [ B %K
B HE 5T O ) BB U % £ 1 W (1 000 mg/ L)
FEVR BT .

S K R A R oK, BB R T
18.5 MQ ¢ cm,

vortex extraction;soil;chemical speciation;heavy metals;optimization

THIR e R L SR 34 Ry e G2l DK TS TR Ry
MOS 9 . $h 1R ¥2 e LI 1R 4 A A g 4k ik A8 A =R 47
Mrédi,

PEHU W A (0.11 mol/L B BRI W) - 7 W
BL0. 5 mol/L & ¥ Me iy W b & 5 2 mol/L
RS RV 25 mL) |, %W C(30 %0 i AL ED - IR i
D[ 1 mol/L it 2 & i W (H — & W B2 HNO, 97 75
pHEZE 2.04+0. 1],

1.2 ICP-MS T{ES#

ST 1 550 W, 25 3B 0. 95 L/min, % Bf
APt 1.2 L/min, RFER B 7 mm, I 3h 5 #
0.10 r/s, 54 =R A 2 C AR 0. 10 /s  FEHE
WFIE) 20 s, Fa 2 WfE) 20 s, REERTTE] 0. 3 s,

1.3 XBWHE

FR W] A2 e 5 (F 1)  FRHC R IERE AL 0.5 g i &2
0.000 1 @), A 20 mL ¥FW A, = T IR HEFLEL,
B0 A T

AR A (F2) A 20 mL % B 2 5% i
T T I e B B B0 S5 B T .

A AL (F3) A 5 mL & C 35k, =
WM 1 h, ZJEHCE] (85 +2) °C ML # AR b 3 i
1h, FMAS mLE®R CIHEMERK N1 mL £4
B A 20 mL ¥ D, 500 T 18 TE 52 B, 250 J5 X
W

Bt 25 (F4) « ) 5% 3 b fim A HNO;, , HCIO, |
HF. ¥t sé )5 1% HNO, @& £ 20 mL,

2 HR5IE

2.1 REHIEMIERE

FRICO. 5 g HIERE G 50 mL B0 48, Jin
A 20 mL %W AL TR HE 10 min, $4 182 48 35 % (10 5%
A4S W% B Sk 500, 1 000, 1 500, 2 000, 2 500,
3 000 r/min, % %104 JiE i o X £ BORCR /Y 52 ), 445
UL 1, S gs AR WY B T e i S R
PB4 5 (H 2 IR E) 2 500 r/min LUS .
$RIOE T4 38 BGRB8 . 7R h AR EE
(<C2 000 r/min) B, 4= EAE & R OB A fig 56 42 1R
B o HB 4 L ERE S TR AE B0 A IR 5 2 e ol Gk )
2 000 r/min B, +HERE G R S SR BOR E 2R A H 2



600 i LS BT %

2023 4

RE A AFAER DA 5 R O R B0
R A L /N BEGEs 2 edk F 2 500 1/ min
K UL B SRR AR SR BOR TSR B A B
JE B B B By 3000 1/ min ., Sy i A S 45 45
FE  VEFE I ERE H 0 2 500 r/min,
2.2 W HRER R ] B IE

PRI 4 {7y - S A+ 169 Jie 42 HURE 18] 70 51 O 2.5

10

0.8

I

0 1 1 1 !

500 1 000 1500 2 000 2500 3000

WTERG /(r + min™)
Cu

201

I

0 1 1 1 !

500 1 000 1 500 2 000 2500 3000

WTERG /(r + min™)

Pb

1571

12

4
=)

U/ (mg « kg™)
o
[=)}

0 1 1 1 1 I

500 1000 1500 2 000 2500 3000

WTERG 3/(r + min™)
Ni

10,20 min, % £ 4 BUKF E) X 32 OO i g, 45 2%
VLE 2, HE 2 LA, R T a2 e S (FD 5 1) ik
JE A (F2) i@ 10 min f5§,Cu.Zn.Pb,Cd,Ni,Cr6 Fi
HEE T RBIGARRE B T S (FD ks
H, O, A5 TR E, 5 48 2 80 5 T8 5 7 TR BUR
IR E 5 min R SR EIRRE . B8 S IRERT R
J9:F1 %€ 10 min,F2 € 10 min,F3 g 5 min,

8.0
6.0
>
w0
£ 40
g
B
bicd
201
L
O 1 1 1 1 —
500 1 000 1500 2 000 2500 3000
WATERG 3/(r + min™)
Zn
90
70
%
-
5
E50F
i
=
picd
301
L
O 1 1 1 1 —
500 1 000 1500 2 000 2500 3000
TATERE/(r + min™)
Cd
0.5
%
-
L
2
il
= 0.
™
0 1 1 1 1 —
500 1 000 1 500 2 000 2 500 3000
TRER H(r + min™)
Cr

1 7R HE 5 5 o 4 BR300 2 B9 54 i

Figure 1

Effects of vortex speed on extraction efficiency.
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Figure 2 Effects of vortex time on extraction efficiency.
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Table 1 Method detection limit /(pg * kg™")
Kt R F1 F2 F3 F4
Cu 2.0 3.2 2.4 2.8
Zn 32.0 21.2 24. 8 30. 8
Pb 2.0 3.6 1.6 2.8
Cd 2.0 2.8 3.6 1.2
Ni 1.2 2.4 3.6 0.4
Cr 0.8 3.2 1.6 2.0
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Table 2 The Precision and accuracy of method /(mg + kg™")
S PR

Cu Zn Pb Cd Ni Cr
x 2. 88 25.2 1. 27 1. 30 1. 24 2.75

F1 R 2.794+0.23 21.34+4.9 1.58+0. 36 1.47+0. 20 1.2740.27 2.38+0.49
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T 27.5 105 19. 8 0.17 31. 0 65. 2

F4 o fE{H 24.5+4.2 112+£13 22.944.3 (0. 24) 28.6+2.8 64.445.6
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