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Determination of available lead in soil by isothermal oscillation extraction inductively coupled plasma mass
spectrometry

TIAN Ge, GUO Yingchao, LIU Wei, GU Zhoulei, HE Xu

(514 Geological Brigade of North China Geological Survey Bureau, Chengde 067000, China)

Abstract: To accurately and quickly detect the effective lead content in soil, available soil standard substances were taken as the research
objects, with the intelligent precision shaking table used as the pretreatment equipment. Furthermore, the inductively coupled plasma mass
spectrometer (ICP-MS) was used for testing. The conditions were investigated with respect to the extraction temperature, oscillation time,
oscillation frequency, and amount of extractant. The optimal experimental conditions were also determined. The experimental results
showed that the detection limit of the proposed method was 0.009 mg - kg™, and the relative standard deviation (RSD) of soil available
standard substances was 2.1%-3.3%. These results implied that the method had good precision, high accuracy, and a low detection limit.
The proposed method and the national standard method were used to compare samples collected throughout different regions, and the
relative deviation was shown to be less than 5%, thereby verifying the accuracy and reliability of the obtained results. The pretreatment of
isothermal oscillating extraction ICP=MS is simple, controllable, efficient, accurate, and reliable. Therefore, it is considered suitable for
batch production and has promising application potential.

Keywords : soil; available lead; oscillation; inductively coupled plasma mass spectrometer (ICP-MS)
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R IR R A R E SR TR
PEANMBIG X2 R G HAL RS O IS RS0
A A3 3R 0 A5 i, U s I s LB ) R
F MM K H 100 we- L' EFFE] 200 pg- LB, 2
JIRECTE Y TR 2.6 43, " H 4 1 UM AL 85 405 , vT g
SEAGIRE T, AT Z R, i
1 B AR SR i Ty SO AR A A
W B - S o S A B, B ARG A R
B B DA T TR R I S R A R s
B, O R TS YL W B O 2R A R WE Y DL AR
1Y AR YME S A A R

H A, X F 3 b g SOSEY I 3 R AR s
(e ARSI E 5 F Rk ) (GB/
T 23739—2009) F1{ L HE 8 F GRS L E Wl E —
LI =R O TRIZ 3 — HUBR A 5 B TR R B
) (H) 804—2016)#EA 7, BiFp 7 i vh ¥R H — 2 4
e H R (DTPA )R 50— 38 41k 5 25 201 7 308
BB, I LA MR AT 43> 01 8k b Pl SR 5 4
T G T TE A AR SR . A SEBR AR A
HR R BN, A A P P ol 3 R 35 A LA S IR
TR RN O B BAE HEA RE ), 25 5 T30 i 45 R
KGR 22 AR RARAE IR, AR Sl P S5 IR A o
G FE 1 B SR 5 5 B R R S G T A H BR AR
o R B A i R A RS T eI A o T
R TEAE B TR, SRR AR 25 AR S0 ISR K T
I 4R 35 s FTER P ASCHEA T o T AL BB, I DA J%
RO 5 B PR B SO, B AR A e T R AR
65 HH B A 1) 0, H A0 AT 2 G P o) EAF 5 2 BT
JE AR U S A AL B AR A S B B OR (15
Wi, 5 FLASGE BRI . B Va5 SR K -
1 SRR Z I A L3RR, DU B 55 B IR R
AL (ICP-OES) M3t , S 36 2% 4 f 5, ol bt fb ks
T AEASRE 1 % 00 S — B - e RE i Fh IR A RS A
BRI, ANFFHE R o 25 BRTIA, 5 RS
A= By TH] B A — SE BT oY (H A X2 I A5 3K
AR IR 1) F B 5 0 R R TR R G ST R E
BOUFE . A SCEE AR BIBFIE R DTPA R4tk
1o A 8 R A S E TR R IR S ICP - MS AHZS & % +
AT RS PR ERE S T R AR R T RS, B T
AR A, RS A S PR - S RE S A T E T S E
HENT T PR R R AT AT B R R - 4
B A SR TR RE B E R LA B S A — IR
PEAE ARSI, HA R A7 A E

1% WHART]

1 #R5FE

1.1 57

X—Series I 7Y HL J8HE A 55 25 7K 5015 AL (1CP-
MS, 2 [E #1231 ), BSD-YF2600 373 02 8 REXG %
TR IR (1 PRSI AT FRA RBP4 ) .

1 000 g mL " FY LG R ARER R (h E R R
WFIEBE ) s = LB (TEA) (A3 Hrall, KEHERHFER) ; —
N =W H PR (DTPA) (il , KFRHE IR ) 5 —oK
@S (CaCly - 2H,0) (S A 4l , KR HBHE RO 5 i 56
FHAK R 2iK (18MQ - em, 525628 [ 1) .

DTPA 3242 51 fERf PRI 1.967 ¢ DTPA [ 14.92 ¢
CsHisNOs 1 1.47 g CaCl, - 2H,0 ¥ T4tk o, 75 pH
%7.30+0.2 )5 , F/KEZ 2 1 000 mL, B SEAR-AT, i F
HIREE pH {8
1.2 ik

PEPEVT VG 21 5E GBWO07416a(ASA-5a) , ]~ 4 /K HH
+ GBW07417a (ASA - 6a) , Bk P4 # 4 - GBW07460
(ASA-9) , 22 #0 + GBW07461 (ASA—-10) , H i J# 75
1+ GBW07496(HTSB-4)5 Fft - 47 SR EY) T hy
il 3 A RS AV E M 0 - (1.5£0.4) (8.1
0.6).(0.67£0.07) .(3.8+0.3) .(2.19+0.16) mg-kg ™',

1.3 LW H*E
1.3.1 FEALALFR

HEFIPRILS.0 g i 1 48 B T 200 mL T 19 1=
PP, A 25 mL S EC A9 DTPA R 257, 37 %
35 5 A R RE R 2 R IR R IR R R R (25
2)C, kG B E]) 2 2 h, 4505 (180+10) r-min™, 58 %,
PR IR T L8 IR . BT AR
FEAIHEA T 3 YA TR, 45 1 S 56 5 4% Ak # ) s
AT BRASIIAAE S, AR S i b PR 58 4 — 3L,
BRI T 2428 15850
1.3.2 LR

TESL I St b R B 20 i, B
YR AR B — s R 2R I DA — A5 21 9 A L2
SR 5 B S 5 0 B A SR A P T RS . AR
7% T 43 5% 3§ 3% #% (140., 160, 180, 200, 220 r -
min™") FEBURJF (15.20.25.30.35 °C) JRZ WHE (1,
1.5.2.2.5.3 h) B HHE(15.20.25.30.35 mL)4
S0 R R RS B SR A R i A T 3 P
A7 S5 DA 2 S AR IR
1.3.3 il

W AT G R PMER UL, LA DTPA B4 R
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A5 A R TR A MR B2 4390 4 0.00.0.02.0.05.,0.10,
0.50.1.00.2.00 mg- L™ () RISRHER W, FE5T 25
1.3.4 {U3RZ8

fifi FH ICP-MS #E4 F IR, 5% F 'R 1R AR
IR . i ICP-MS IS B a2 5%
ST S SR FE A, SO DR, 5 H R
B TR TGS ORI B R AR AS B ICP-MS Y
1550 W, A0S 1.0 Lemin™, 4 B <
4 0.85 Lemin™ , B HI S 4 15.0 Lemin™ , RFFHR
FE RS mm, RREHEFLAAR N 1.0 mm, #EUEE H A 0.7
mm , MR ECH 31K
1.3.5 bt

FEH FH 1CP-MS JEA 7 4F fll i, 3 B 43 T
YESHUG A IR IR R R 9 e RV B IR 2
1 AT A T S A TCP-MS H 3 52 B 26 AT bR oc
K55 N, LA T 20 JoT 2 VA B R R AL B A8
IR Gk ARG R WA S A LU AL b,
SERRHERNZR o FEILIERE b, 52 B8 55 37 bR v il £ AH IR
B 25 AF A BRoKs 25 1 R R VT 0 ) 5 AL TICP-MS
rh 0 0 3R U N AR OC 3R A S e AR, 1A
B OGRS Tk ARG ER AR N AS 5 (8 LU A8, AR A v
245 BRI AT T R A TR

2 HR5IE

2.1 IRHMEHHE

FE A RS AT R IOT | PR R R F Y
Wi PR 2, LR MG R AR A SR (R 1) o FEXTARTR]
PR R A TIR IS 5 K BR, Bl PR35 AR (36 ,
RS RRICR 2 I B3GR a3 (H Y 4R 5 0% 1k 2]
200 remin™ B, BEHG D0 BT A . MIRG IR AE
140 remin™ B, 4 9 03 AR, 70 A 25004 $ B [a] Py
BB i A RES AT A B IBOR 56 4, 3 G e (BT
EEVE . PR35 90 K3k 3] 220 v min™ B, J50R 3
[ N1 B B A SO AN o @ S 8 o

12 4R T VA FHIR AN g B AR T AR B
R, EL A bR A I A (L PR A 45 SR B, A
FEFR o AE A OSSR B AT RE . FE 160~200 1+
min™ [ 4R 35 00R  BL DY, A3 RC H 2 RE AR B0 AR 41
PEIC, 7€ 180 r-min' IR G I T, W (8 i 2 A
WEW) TR AN (E, (H 225 51 200 v min' B, A7 5445
SR e RS A A 2 P RS o R UE I o 45 SR M
BT $E T, 25 R0 /D % i Ak R A B BRE 2R R
(180+10)r-min™ VA HT AL AR Z 1%
2.2 REUEEHBE

2 RO 8 XoF A 00 A I 5 5 TR 1 5 ) DL 26 2
M1 22 2 AT LA B I T, X A BG4
A BRGE I, Y BEBOR B BAK (15 °C) B, $EHU N
AW, FE A R I RS EAS BETE AR R [0 IS ) P 1 58 4
PRI, B L TR, BAROC R SRR N R,
B RS PR R B W . EAE L AR IO
(35 °C) '~ , A B4 HEBULE S48 H A o 9 T 8 (38
Bl SRR PR BEAR . 7E 20~30 CYE I, $RELSKL
BT, 25 CHRJE SAUR e . 275 75 S T 4
VEPE SRR IR Jy (25+2)C,
2.3 #R3% BT B BB RE

P IR () B A S A AR ) T e R 3R
—o UNER 3R AT RS H B IR Bl 2 I 35 1) g 34
K. Y4 R Fke (1 b B AR S i E RGS
HANRERE T8 A HR I, A5 HB 0 25 A TERRHED) B\ (H
TEIEI N o B BRI ], B A S BT AV T
N, YRS IR ] A 2 hin R BCSCR e, 3
2.5 h, ARG IRIUE WA B B Ak . 5 A ™ 3L
OGRS R M 2 h IR AEIR G R
24 RIRFIAENHE

B ARSI R ME 4R, WUEH,
R R 15 mL A AR IR 2, SRASTE D E (AT
FEIN o 3 ORI R e b, S i R A AN
BI5) A RGSHHRBUR SE 4. IR i n e A

&1 RH IR K 4 R R0

Table 1 Effects of oscillation frequency on sample test results BT mg-kg!
Rl FRifEA PR 80K Oscillation frequency/(r-min™)

Sample Standard value 140 160 180 200 220
GBWO07416a 1.50+0.40 1.31+0.02 1.39+0.03 1.48+0.02 1.55+0.05 1.69+0.06
GBW07417a 8.10+0.60 7.51+0.03 7.82+0.02 8.15+0.02 8.43+0.02 8.26+0.06
GBW07460 0.67+0.07 0.61+<0.01 0.64+<0.01 0.67+<0.01 0.70+<0.01 0.67+<0.01
GBW07461 3.80+0.30 3.34+0.02 3.58+0.03 3.84+0.02 3.99+0.04 4.11+0.04
GBW07496 2.19+0.16 2.03+0.03 2.11+0.03 2.21+0.02 2.34+0.04 2.39+0.05

WWW.QEs.0r9.CN




m@g 1184

2 REREXERINKES RO M

VRETS Rt Y F 2B FE 5 H

Table 2 Effects of extraction temperature on sample test results B :mg kg
FE b FRUE(E PEBUR B Extraction temperature/°C
Sample Standard value 15 20 25 30 35
GBWO07416a 1.50+0.40 1.22+0.04 1.33+0.03 1.55+0.03 1.61+0.03 1.65+0.05
GBWO07417a 8.10+0.60 7.58+0.03 7.81+0.03 8.04+0.03 8.31+0.03 8.33+0.05
GBW07460 0.67+0.07 0.61+<0.01 0.63+<0.01 0.67+<0.01 0.70+<0.01 0.71£<0.01
GBWO07461 3.80+0.30 3.53+0.03 3.61+0.03 3.86+0.03 3.96+0.04 4.11+0.04
GBW07496 2.19+0.16 2.01+0.02 2.09+0.03 2.15+0.03 2.24+0.03 2.36+0.04
3 HRog A E X R AR IR 45 R YR
Table 3 Effects of extraction time on sample test results B :mg kg
== FRUEE FEHU ] Extraction time/h
Sample Standard value 1 1.5 2 25 3
GBWO07416a 1.50+0.40 1.24+0.03 1.36+0.03 1.51+0.02 1.64+0.05 1.66+0.05
GBWO07417a 8.10+0.60 7.43+0.03 7.79+0.03 8.13+0.03 8.23+0.03 8.26+0.04
GBW07460 0.67+0.07 0.62+<0.01 0.65+<0.01 0.68+<0.01 0.68+<0.01 0.68+<0.01
GBWO07461 3.80+0.30 3.41+0.03 3.61+0.03 3.83+0.02 3.93+0.03 3.94+0.03
GBW07496 2.19+0.16 1.93+0.04 2.05+0.04 2.24+0.03 2.32+0.03 2.36+0.04

S T B B B 2 1A, L 88 i D 446 o
W o 4 HF 25 ml 2 AR 0 4 R R FR AR, Y
FH AR 3 30 mL S, 03 25 SR 22 0 R B (B, 25 #
PINAS R 25 mL MR
2.5 WNIRTTEMIERE

P TCP-MS E4 7R s, 25t B AR T
it A S AT T B0 B, S B il 1 SR A4
A3 B SR FH N AR EA TA I AR G 2 ) 5
e H HE AR LG A IR i,
£ BT B 2= AR S Mo R IEE 0L, R
FHORh AE R INAR TR, IR G 8h A AEZom A 5 =X
EA A RS AR Bt
2.6 FiEtHR

HERAARIL 5.0 o fIK & SAE A E T 200 mL 912
P A, A 25 mL B4 1 4 () DTPA 12 #2551 , 76

(25+2)CEAFF R (180+10) r- min™ S R 5 2
h, T 385 , 8 1ICP-MS BEA T . HEF 52057 10 7K
MRS, THE 10 YOPA T 2 BARHEDR 22 , # A =X MD L=
1 (o.090) XS THEE 7 VA6 H B, LA 4 A5 4G H B A o D0
TR, W s Fs .

20 09 RN BCHE T B A D7 YA A R 3A F1) 0.009
mg-kg ', M 5E T FR 4 0.038 mg-kg, Bk T +HES
Fh AR ICEMIE M = M O TRIZ 3 — %
A S5 B P IR R SPEIE L) HI 804—2016 223K 1)
0.05 mg-kg' F10.2 mg-kg™", It 5 32 93 A PFA A 52 5]
JRE TG A RS T R .

27 HEERENBRE

& GBW07494 . GBW07497 . GBW07415a = Fi
- SR ) ST R A T R R ORS  E IIE . 0 ) v
FRELS.0 g bRyEY) B T 200 mL T4 932 32580 4, hn

R4 REFAENFERUKLERFN

Table 4 Effects of the amount of extractant on sample test results B :mg-ke

o PR 124257 Fi & Amount of extractant/mL

Sample Standard value 15 20 25 30 35
GBWO07416a 1.50+0.40 1.02+0.02 1.29+0.03 1.54+0.02 1.64+0.04 1.69+0.04
GBWO07417a 8.10+0.60 7.23+0.03 7.61+0.03 8.08+0.02 8.13+0.04 8.20+0.05
GBW07460 0.67+0.07 0.55+<0.01 0.62+<0.01 0.67+<0.01 0.68+<0.01 0.68+<0.01
GBW07461 3.80+0.30 3.13+0.02 3.56+0.03 3.81+0.03 3.89+0.04 3.96+0.04
GBW07496 2.19+0.16 1.71+0.03 2.09+0.03 2.23+0.02 2.33+0.03 2.35+0.03

1% WHART]
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Table 5 Method detection limit

FT7 LRRERIETLER

Table 7 Actual sample comparison results

FE 5P 5 Sample No. FE i Sample
A {E/ (mg-kg ") 0.034
1(o.099) 2.821
bR 22 S/(mg-kg™") 0.003
K B/ (mg-kg™) 0.009
ME TR/ (mg-kg™) 0.038

A 25 mL T SG BC 4 59 DTPA 3242 59, % B AE IR
FE IR (25+2)°C, 3164235 4 (180£10) 1+ min™,
% 2 h )5, a8 K. AR EEAT 11 ROPAT 5K
B, IR g T G A AR R 2% (RSD) |, 25 51 I
F6, F6WIN, AL RSD K 2.1%~3.3%,F-11H
s a2 L ARG %% R REAR A b o A5 5K

R6 HiEBEEMERE

Table 6 Method precision and accuracy

FES A Result/img~kg") m——
Sample ENIR7S LRl VRS
PEpIT I R 1.08 1.06 0.93
SD 0.030 0.036 —
T B LR 0.203 0.195 2.01
SD 0.002 0.002 —
WAL 2T 3.27 3.22 0.77
SD 0.015 0.025 —
A6 A 1.88 1.83 1.35
SD 0.031 0.021 —
VLG 2868 1B 5.69 5.71 0.18
SD 0.026 0.031 —
AR AR 0.083 0.079 2.47
SD 0.005 0.005 —

FERTS Sample No.  GBW07494  GBW07497  GBW07415a
FHE/ (mg-kg™) 1.39 2.40 5.60
Frififi 22 S/(mg-kg™) 0.034 0.078 0.117
RSD/% 2.4 33 2.1
FRUE(E/ (mg-kg™) 1.34+0.20 2.49+0.30 5.60+0.20

2.8 LBRIEmMSHTEE XS

TEFE b 2 16 5 B8 A7 10 6 Fh - SRR fh R4 7 e
SRS . TR R A RE S A KR AR T R
A FE A AL 2D AR A R AR VTV
T RE S T AROKRE - RE S e BEOAR Dy vk R A
M 0 A A 0 1 I DT RS ) GBIT
23739—2009 FEATHE & = AT I, 45 ST {E
W7 HR .

A3 BTN 4 SR 2 W, X6 A [ i DX %) S B it )
R Oy i E AR UE 0 RSD BN TF 5%, 45
RUMER T 5

3 it

(1) A FE R PR A 25 A8 R AE Ay i Ak B
WA AT T A SCSHY R AL B AR AR A S 50, fe & H
T AR V5 R ICP-MS 5 5 P A A RS
P %, I8 Bk 3 B R R 2 h, B BBORLEE S (25
2)C, PG HE N (180+10) r-min™", 325 H 2 25
mL ATy VL I S AR T B 25 4

(2) FEFRHUSR A S B0 e B 2 B, 3 ek 1) B

T FE PR R R B A AR i B I
A B PR s, b B IO IR 3 4032 14 5 el
SSFIRTE N

(3) A 7 46 L BR 1% %1 0.009 mg - kg™, I & T BR
90.038 mg - kg™, AHXS AR HE D 25 K 2.19%~3.3% , K H
BELAPS K 88 B8 e B s, T 3 T e I T
R RAFHEAT 5T DA S TS e + s i ot S LA 3%
S E

S 3
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