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Determination of available copper, iron, manganese and zinc in soil by inductively

coupled plasma spectrometer

YANG Fang-Mei’, MO Ying-Ming
( Hainan Geological testing Research Center, Haikou 570206, China)

ABSTRACT: Objective To establish an optimal method for the determination of available copper, iron, manganese and
zine in soil in Sanpu. Methods AB-DTPA leaching and inductively coupled plasma spectrometry were used to determine
the available Cu, Fe, Mn and Zn in soil simultaneously. Results The detection limit and precision met the analysis
requirements, and the high accuracy of copper, iron and manganese were in the concentration range of 0.50~100 mg/L, and
zinc was in the concentration range of 0.25~10.0 mg/L. The linear relationship was good, and the correlation coefficients
were all above 0.999. The detection range of the method was in the range of 0.06~0.69 mg/kg, and the blank test results
were stable. The precision of the methods was less than 5.0%, and the parallel differences of the samples were all within the
qualified range. The available iron, manganese and copper, zinc in the sample are different by one to two orders of magnitude,
and the determination can still obtain accurate results. Conclusion The detection limit and precision of this method meet
the requirements of analysis, and the accuracy is high, which is suitable for the detection of available copper, iron, manganese
and zinc in soil.
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Table 1 Instrument operating condition
ICP Jp# 1150 W B 0.5 L/min
Fieas e Bl it 0.7 L/min
g e )-8 Fsf ] Ik 6s, Kik6s
W5 =X K-/ — —
1.3
1.3.1 H ATz

745 N 4242 5] AB-DTPA Fil CaCl,-DTPA-TEA i
17X HEHGE, 45182 AB-DTPA X PURN TG 2 (0 2RO IE T
CaCl,-DTPA-TEA ., Ak — 25 Yo ik i AR B 5 R ) 22001,
PR 78 R4 T 4 B8] AB-DTPA Fll CaCl,-DTPA-TEA
X WA - R AT IR AR, SRR RIS M A . k.
PR A

DL AB-DTPA RiZ425, [F—LHere i SRR L
(m/V) 43510 11012201 3, Hakm skl i 4 b4 | 4
BB

SH ARG R (0.5, 1.
I - R OTER
132 AR/ ARty & 454

TE—# 8 > 100 mL ZE s, MR /3 IFEHL 0, 0.05,
0.10, 0.25. 0.50. 1.00, 5.00, 10.00 mL 2k, 4. % % o0 £
b ME ¥ W (1000 mg/L) F1 0, 025, 0.50, 1.00, 2.50. 5.00,
10.00 mL 4 B0 R AR EA R (100 mg/L) ZE X R Y 1~8 5 78
i, FH AB-DTPA BRFIM B R 28, WA Biamg s
HAETARIRES, DIARUER I 85— ME R EAER AL, 12
RGBT O E S AR RS k. . . B
HIMOGRE . LAMREE R ARAR , OGRS NAL bR , 43l 2l k| i
L BERARIERD 2
133 = a4

TEEFE =S A (25+2) °C 1) AB-DTPA 24251 20.0 mL,
FZER E, BT 25°C MK EIRRG ¢, L 180 t/min 1Y
134 HeeaT— A MM, 4k, 4. #0HER

FEHRF R LFRIL 10.00 g BE&, 3T 2 mm FLEEJE R i
I B R TRE B T TR 150 mL BLZE =T, i AQ25+2)°C
i AB-DTPA #451] 20.0 mL, FHfZERE, BT 25°C By/KiHE
ARG, LA 180 r/min MR GIFNR D 2 h J5 B, (R
UEWR, 48 h PSSR . AN AP S AR 20 mL.o

15,2, 25.3h), 4
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Fig.1
SEE RGO T T, SR 180 r/min
BF, RARKCREAS, RSUERIRGIE, LR TR & &
SN, R IR HIRZ 9915 E 2 180 r/min,
2.2
PRAfERREAR S HOEILFR 20 S5 RRW, UFD 5 AR )
MIXRBIIKT 0.999, i 2/ ER .

The relationship between element content and oscillation time

Table 2 Linearity parameters

- e FiE e
e ’ffT“ o Wi«aﬁl(n;g/m . B MR i’ iﬁ*f%’z
1 AR 0.00 0.50 1.00 2.50 5.00 10.0 50.0 100 y=1645.34x+0.075 0.99996 >0.999
2 Bk 0.00 0.50 1.00 2.50 5.00 10.0 50.0 100 y=43.035x + 0.855 0.99994 >0.999
3 FERNGTh 0.00 0.50 1.00 2.50 5.00 10.0 50.0 100 y=737.06x + 1.133 0.99960 >0.999
4 AEEE 000 025 050 100 250 500 100 — = 594.04x + 7.141 0.99915 =0.999
23 WL, Hps TR, (R, RE AT ek, Bk

28 FRE Rt E PRSI, i B S A AT A 2 B A0 BR
A7 RE ARE, T 7 UOPATINE AR IR 25 . K B
AR MDL=t 490 xSIFHE, b o g A n-1, BASE 99%
A ¢ A0 A A CBR)) | £ I HI 168-2020" % A1, S - 7 IF
AT AE R bR 22 o THEEAS HEBR ) 4 A5 AT H Sl R R . A6t
PBRAEEA 1 AT, H R AR E . AR NY/T 890-2004" X
T3 ¥R ARG R B MR IR 2ESR R BRAE TR (=2 18] 7T Fe i Y
ZESEREDR a3 PRGN (A + AR R 1727 X7
okt R AT G ZOR B TR . FAARKE L2 3. 42RER,
D5 K BRBE T 2 AT EER
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DL FAE s (i i Xt 4, LU 52 505 A v s m]
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Table 3 Methods detection limit and determination lower limit datas
SEATHE i AR ARk AR AR

1 0.044 0.38 0.13 0.10
2 0.046 0.20 0.16 0.10
3 0.051 0.32 0.14 0.10
MESE R (mg/kg) 4 0.043 0.43 0.27 0.14
5 0.050 0.25 0.27 0.14
6 0.045 0.33 0.26 0.14
7 0.044 0.19 0.30 0.13
FH{E x(mg/kg) 0.046 0.30 0.22 0.12
FrifEfm 2% S(mg/kg) 0.003 0.09 0.07 0.02
HH 3.143 3.143 3.143 3.143
A R (mg/kg) 0.01 0.29 0.22 0.06
FHEI E T BR (mg/kg) 0.04 1.16 0.88 0.24
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Table 4 Blank test datas
AT LS R (mg/kg) m J 7
e il 2 3 4 - 5 6 7 (n(jfg) fﬁ; (Jr?ngt/f)
1 ARG 0.044 0.046 0.051 0.043 0.050 0.045 0.044 0.043~0.051 0.003 0.046
2 EERCIN 0.38 0.20 0.32 0.43 0.25 0.33 0.19 0.19~0.43 0.09 0.30
3 A 0.13 0.16 0.14 0.27 0.27 0.26 0.30 0.13~0.30 0.07 0.22
4 R 0.10 0.10 0.10 0.14 0.14 0.14 0.13 0.10~0.14 0.02 0.12
2.5 brifid 22 RSD=Fpififii 22 / “F-3I{E x100%, FHXi2E = (A-B) /

(A+B) x100%, FAXTHE 2 = W2 / FII{H < 100%— 5 22 19 AH %F
{8, XTI =2 (A-B) / (A+B) x100%, FivH w22 AR X i

J7 NG AU A2 T 7 5 AT SRR R SC R R R 2 —,
A BT A DI IRIE o AR BRI AT LU RO 5

SV EE, AR E D ISR RS . nTEE. TR —RRah 2l
7TUCHTINE, MLUT AT IS A5 R4 CV B

5

R 22— B B 2 A SO T AR GB/T 2741720171 Fpift 54 B,
I Iy R A E I I T ER . AR S RS W3 5.

Table 5 Precision of the method datas

LoRllEEE AR AR ARk
B (S ) Y GBW07944a GBWO07952a GBW07959a GBW07964a GBW07944a GBW07952a GBW07959a GBW07964a
20.73 10.76 2.73 30.59 198 88.1 422 109
20.75 10.87 2.74 30.61 198 88.7 42.1 108
20.16 10.55 2.64 30.00 197 85.3 43.1 111
%ififj R 20.76 10.33 2.77 29.92 196 84.7 433 113
19.73 9.97 2.71 30.80 199 90.2 435 116
19.02 10.54 2.60 30.58 198 91.5 437 114
20.53 10.71 2.58 32.11 197 9.5 44.4 110
SFEE x(mg/ke) 20.24 10.53 2.68 30.66 198 88.7 432 111
FrifEfw2: s(mg/kg) 0.66 0.30 0.073 0.72 1.0 29 0.82 2.7
T (%) 3.3 2.8 2.7 2.3 0.5 33 1.9 2.4
Jl5E ER (%) 5.3 5.3 7.5 53 3.8 53 53 3.8
LoRUIEF=E 7S AR R
Li(HE 3= ALY} GBW07944a GBWO07952a GBW07959a GBW07964a GBW07944a GBW07952a GBW07959a GBW07964a
61.8 102 36.2 402 9.93 9.03 33.94 167.90
61.6 101 36.1 402 9.89 9.15 33.84 167.48
60.7 105 34.8 38.2 10.15 9.38 34.43 175.44
%Zniff% 60.5 105 33.5 39.2 10.13 9.60 35.30 174.34
59.1 102 334 38.8 10.39 8.99 33.87 170.50
60.8 101 35.9 39.0 10.46 9.51 36.04 169.00
622 104 34.1 40.0 10.10 9.10 33.75 171.25
M x(mg/kg) 60.9 103 34.9 39.4 10.15 9.25 34.45 170.84
bR 2: s(mg/kg) 1.0 1.8 1.2 0.79 0.21 0.24 0.89 3.1
KB (%) 1.6 1.7 3.4 2.0 2.1 2.6 26 1.8
Fl 52 ER (%) 5.3 3.8 53 53 53 7.5 53 3.8
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Table 6 Comparison results of the methods

FESh 1(mg/kg) KL 2(mg/kg)

TEE AR AR ARG AU AR AR AR A
A 313 1251 034 149 194 482 058  2.00
AAS 287 1274 039 1.62 204 484 059 1.99
RFZE 10 15 015 015 10 1.5 015 10

P12 8.8 0.2 0.0 0.1 5.0 0.0 0.0 0.2
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FIHERE ARG SE IR, AT BT, 4 R — B S 3
ARG DUCRE i AR AR RS, % (1] AB-DTPA i3 4571
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FrfErfBEEm], ARMER IR AR ZOR, R R e
AT AR 2 PP RR AR [] ROR PE L%, mTRE
FHHAR SIS 1) - RIS R 2 A W 22
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AT EACEPER SRS, 745 R R AB-DTPA =421
T DU Bk 0 E & 8 B = T CaCl,-DTPA-TEA, £ 1] fig /& AB—
DTPA H (16 iR 2R BE BT 4 b Uk Mot 48 b i PR S 70 St %+
WL 5 B )RR R A T 0L (Rl TR e 3 IR
BERESRAFIT LI =FP e R b F), & tmtbaER 12, 4k
GIFIRIE N 2 h, PRI E N 180 r/min.

FEVEE PRI T, A TAE#S T AB-DTPA 28—
JEFN A A5 B T OGS ER R R R . Bk B BE
T, ML Bk, ARTE 0.50~100 mg/L. FETE 0.25~10.0 mg/L
W IR RAF, HCRBIULE 0.999 LU L, Jrikkuih
JEF R 0.06~0.69 mg/kg, 75 FIRIREERARE, ik a B/
T 5.0%, RIS T 25 IO GIE 0 B, I (e
AR—F, PATEBESKBEZ N, ke =8 K0T
R R WERREE S, AR T ARG

T 2R PRRR, A0 A 0 A R R i 1 AT 20 A
VUG i 2t — P RABESE, AW A et 3 [ B4 + 500 Hr
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