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Table 1 Experiment Instruments
P& ZA ISR PR %
FLUHI & 2 B TR R TS X Agilent 5100 ICP-OES LA PR
Pl B B — T & 1 B G AR R
SrH R ME104E ek - $CA 2 (30 (i) AR )

&2 WA
Table 2 Experiment Reagents

=SB R TR
fiHmR L& EHRINA TAHRA A
iR e P AR AL T A PR )
AR L4t i H AL T A BRA A
AR L4t =] 24 4 A1 1k 2438500 4T B2
1.2 WMEtE T BB R A SOGIEL ) (HI781—2016) , Bt

A [ A T R IR L, W3R 3
MR CIE A 22 T JE T 2 B4 0 HL

®3 FEBASH=EELL
Table 3 Acid ratio of different acids dosage

¥ JIAH (mL)
fif % (HNO, ) SRR (HF) SR (HCLO,)
a 5.0 5.0 5.0
b 5.0 5.0 4.0
c 5.0 5.0 3.0
d 5.0 5.0 2.0
e 5.0 5.0 1.0
f 5.0 5.0 0.5
g 5.0 5.0 0.3
h 5.0 5.0 0.1
1.3 Uas ik
%4 ICP-AES TiES#
Table 4 Instrumental operating condition of ICP-OES
INE LTS HL BRI & A5 A R S
INE SRS 5100 ICP-OES HER & 2.4~5.7m/s
EETIRRIR 12. 0 L/min FALAR R & 0.5 L/min
SIS IR 22°C BRI e 1. 00 L/min
vt 1T 38 M 0. 00 L/min
TEBUR [A] 108 JUE =Sz i v/ 2 i)
Y ES 1 200W W 8 mm
S 20 rpm Fa e i ] 55

ERE IR 3K T LERT 208
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ICP-AES Wl & JLR B, A HTilk 4k 2 G 2
XFFARRIICE , #A AS R A B 254, B Fhistee
SRS HGRERON , B RR ARG, D 2-3
%, Z LT B 2%, IR oy BT e 8 38 1 43
PradE o B2 AN T A IS Lt i LR 24k
H2-3 SREBCN RN IT 4 ; i B i T R kBRI
RAPER AR R AR A i R Mk, i R I
TCRATA T, AT £ 00 I A ) BRAK
A ) ARS8 53 AT G B3O HE P O 28 S g 5 1B S T
YT R ITEL

1.5 tedErMZEr el

AP A A BB O T 3R TR S b M
W T e E S 0.01 wg/mL. 0. 10 pg/mL,
1.0 pg/mL . 2.0 pg/mL.5.0 pg/mlL 10.0 pg/mL
PR SRS, TEBOE IS S 264 T,

T L IR BRIV, 2 R A 2

2 HR5iTR

2.1 I E BT

Fie B 1. 2 50 5 vk HEAT I SRV S T 6 (]
W5,

e 5 1T, — R Vi fifk Bsf ) Bl A o SRR 1Y) o
D TR0 U T e A v TR T T e )
S AR 32 vy SR v LLEE HF /R A,
iz (HNO, ) A] 43 fift 42 & S8 Ak W, T8 4 Ja 3, A 7R
Wil 5 Ve J3E R O I R R MG SRR T R, IR
LR (HF) AL A I A DL R
r, E U AR & B Ak, {Hi# As B Se .Sb Hg
A Cr A fdf FC 4% e, B o A PR Y e SR
(HCLO, ) ¥ S5 H48R (HNO, ) IR A WL e . 3
F 5 AT W AR AR a FPREIFIA] A 230. 8 min,

x5 AEBCLLM =Y MR ER
Table 5 The digestion time of the different ratio of acid
B[] T( min)
=

F5 a b c d e f g h
GSS-5 230 198 174 135 104 89 88 90
GSS-12 225 190 179 129 98 91 89 88
GSS-23 235 205 168 131 110 92 90 86
GSS-26 228 200 170 138 102 88 87 91
GSS-30 236 203 177 128 109 92 90 87
SEI{E 230 199 173 132 104 90 89 88

b 4 199. 2 min,c & 173. 6 min,d T4 132. 2 min, AR A

e A 104. 6 min,f 4 90. 4 min, g 4 88.8 min,h K
88.4 min, T U f g h#M,d e KZ,a.b c X}

2.2  ASIEWLIN Ty =B A M

B, IO S A AR AT A T AR 20201 AR R
Fz6 FHiEWHMR(mg/kg)
Table 6 Method of detection limit ( mg/kg)
il (Cu) % (Mn) BL(V) ¥E(Zn)
7

(=ln! ) 1) G e 1n) G e 1n) A )
1 0.15 0.16 0.35 0.39 0.35 0.38 0. 06 0. 09
2 0.03 0. 06 0.74 0.15 0.34 0.21 0.03 0.07
3 0.09 0.18 0.75 0.45 0.35 0.24 0.07 0.18
4 0.16 0.07 0.55 0.18 0.39 0. 30 0. 14 0.17
5 0.24 0.11 0. 87 0.21 0.33 0.18 0.14 0.12
6 0.12 0.31 0.73 0.74 0.24 0.23 0.12 0. 06
7 0.24 0.26 0. 67 0.15 0.29 0.21 0.09 0.05
FrifEfRZ= SD 0.077 0.09 0. 169 0.219 0. 049 0. 068 0.042 0.053
Kt B 0.241 0. 298 0.531 0. 688 0. 153 0.215 0.133 0. 165
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R BB 4 NI E ST T G
FREGIIE , 45 R A0 o 4 At PR A ) WL 4 0. 241
mg/kg B LI A 0. 298 mg/ ke ; fif 4% 1) WL Ky
0. 531 mg/kg MR J 0. 688 mg/ kg ; HLAR ] WL
W 0. 153 mg/kg HEFTUIIH 0. 215 mg/ke; FE12
0L >4 0. 133 mg/kg B TAIULIN g 0. 165 me/kg.,

AT UL At PR R D7 VAR R AR [ LI ¢ it )
LI R R
2.2.2 AEEPBEST

I 5 M EZAREY UL 2.1 75 a-h =
R (L EL) SEAT I M, Zo0d B A BT A, 1 ATLAG I
SRR L T BE 10 iR,

#7 $A(Cu) 2BMIKLER (mg/kg)
Table 7  The test results of elements Cu( mg/kg)

- GSS-5 GSs-12 GSS-23 GSS-26 GSS-30
& 1/ ) & 1/ i) & 1/ i) & 1/ i) 12 [/ R )

a 126/137 25.3/30. 8 27.5/35.2 16.6/20.0 22.2/30.5

b 128/145 27.2/27.2 26.3/30. 8 18.6/19. 1 23.4/29.3
¢ 131/149 24.9/32.6 28.9/33.8 17.3/18.5 21.9/27.9
d 135/140 28.1/33.5 29.1/34.7 18.2/18.9 20.8/31.2

e 139/139 29.3/29. 1 27.7/29.6 18.8/20.0 24.2/27.3
f 129/141 25.5/32.7 25.3/33.5 20.6/21.7 25.1/28.9
g 137/146 27.2/30.4 24.8/31.4 17.8/19.6 22.3/27.7
h 134/150 26.1/31.2 26.9/33.1 18.7/19. 4 24.4/25.6
FRifiE(E 144 29 32 19.1 26
SD 4.60/4. 81 1.52/2.08 1.56/1.97 1.19/0.98 1.47/1. 81
RSD% 3.47/3.35 3.47/3.35 5.70/6.71 5.75/6.01 6.50/4. 98
SER AN 2 % 8.96/2. 69 8.61/7. 80 18.2/5. 84 6. 86/4. 14 13.7/10. 4
£8 H(Mn)EEMIXLE R (mg/kg)
Table 8 The test results of elements Mn(mg/kg)

- GSS-5 GSS-12 GSS-23 GSS-26 GSS-30
) /1 1) ) /1 1) ) /1 1) ) /1 1) 11/ R 1)

a 1252/1390 709/757 789/890 542/554 319/341

b 1245/1420 689/753 794/906 543/554 320/346

¢ 1259/1346 688/771 805/913 534/550 326/363

d 1304/1398 698/740 876/867 545/554 334/344

e 1298/1367 704/766 834/873 553/562 348/360

f 1309/1401 737/781 826/884 553/561 339/348

g 1175/1396 726/776 799/867 538/547 323/355

h 1260/1338 710/749 818/871 529/543 321/345

FrifiE(E 1360 774 882 561 351

SD 43.4/28.7 17.1/14.2 28.4/17.8 8.46/6.47 10.5/8.07
RSD% 3.44/2.08 2.42/1.86 3.47/2.02 1.56/1.17 3.20/2. 30
S5 FE X 2 % 7.67/2.34 9.43/1.59 7.88/1.68 3.14/1.21 6.43/2.04
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£9 (V) AEMLER(mg/kg)
Table 9  The test results of elements V(mg/kg)

- GSS-5 GSs-12 GSs-23 GSS-26 GSS-30
A1/ 1) A1/ 1) A1/ 1) A1/ 1) ER% D
a 145/156 73.5/85. 4 91.4/98.9 66.6/70. 1 59.9/61.4
b 148/178 79.1/83.7 93.3/99. 1 68.1/69. 6 64.4/70.9
c 157/170 76.8/89.0 93.1/109 66.9/70. 5 56.6/73.8
d 153/158 82.9/90.7 96.2/112 66.7/69. 4 63.5/72.2
e 145/169 81.0/92.5 87.6/106 68.3/70. 8 60.0/63.0
f 150/171 76.8/89.0 91.4/108 68.1/70.9 58.0/68.9
g 151/164 82.9/85.7 90.6/99. 6 69.7/70. 4 59.0/67.0
h 146/158 79.0/82.5 91.1/109 68.3/69.7 56.8/64.9
PR 166 86 104 72 67
SD 4.24/7.78 3.26/3.52 2.48/5.24 1.05/0.57 2.88/4. 46
RSD% 2.84/4.70 4.13/4.03 2.70/4.98 1.55/0.81 4.82/6.58
P EAR G 22 % 10.8/3.80 8.86/3.34 13.1/4. 54 6.23/2.50 11.4/5.78
10 H(Zn) EEMKXER (mg/kg)
Table 10  The test results of elements Zn( mg/kg)
- GSS-5 GSS-12 GSs-23 GSS-26 GSS-30
A1/ B ) A1/ B ) A1/ B ) A1/ B ) EHRZ D!
a 442/514 66.6/85. 1 92.4/98.9 59.9/61. 4 85.4/98.9
b 453/504 68.1/79. 6 93.3/96. 1 54.4/55.9 89.3/99. 1
c 464/500 69.9/80. 5 94.1/109 72.6/73.8 86.1/93.0
d 445/514 76.7/83. 4 90.2/102 54.5/55.2 85.2/96.0
e 473/492 73.3/80.8 87.6/98.9 55.0/58.0 87.6/98. 1
f 483/507 70.1/78.9 91.4/96.5 59.8/61.9 91.4/93.5
g 458/487 71.9/76.4 89.6/99. 6 54.0/57.0 89.6/94. 6
h 479/483 68.3/73.7 91.1/93.6 53.8/54.9 88.1/89.0
PrififE 494 78 97 62 92
SD 15.3/11.8 3.26/3.63 2.10/4. 67 6.41/6.26 2.20/3.47
RSD% 3.31/2.36 4.62/4.55 2.30/4.70 11.1/10.5 2.51/3.65
SPRARN i 22 % 7.42/2.23 9.99/3.92 6.33/3.57 11.1/8.22 4.78/4.38
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SN 7 27 Y AR 22 8N BRLG, X rbss f iE
RSN 3 FH Al 1) AR 22 4T

2.2.3 FsEMES BT

R T 20 BRSO VR AR E
FHRUEY B GBW07401 ( GSS-5) .GBW07459 ( GSS
-30) >R M f B[ i4fR (HNO,) & FH: (HF) ./
FAMR(HCLO,) JH & (Bl kL :5:5:0.5) T fif il BE,
53 )R A 1) R ) SN 7 QP4 7300 g PR
12 WK, 18 H bR o i 25 (SD) FAH X6 A 1 i 22
(RSD%) , 2503 11 S5 12 fw



kA 45 ICP-AES W) P52 34 A B BB m TR BXT ELIF ST - 393 -

F11 FEWNEHIER

Table 11  The test results of radial observation
oy GSS-5 GSS-30
Cu Zn Mn \4 Cu Zn Mn \4
FH{E (mg/ke) 144 487 1338 164 26. 1 91.9 337 66. 8
PREH (mg/kg) 144 492 1360 166 26.0 92.0 351 67.0
FrifEf 2= (SD) 0.94 7.87 9.16 4.38 0.38 0. 67 4.00 1.44
X PR UER 2% (RSD% ) 0.65 1. 60 0. 68 2.67 1.48 0.73 1. 14 2.16
®12 HEEANEER
Table 12 The test results of axial observation
o5 GSS-5 GSS-30
Cu 7Zn Mn A% Cu 7Zn Mn \Y
SFIE (mg/kg) 142 493 1355 168 28.3 93.1 354 69. 1
FrifEfH (mg/kg) 144 492 1360 166 26.0 92.0 351 67.0
FrifEfR 2= (SD) 0.96 8.08 8.08 4.45 0.41 0.71 3.30 1.56
AAXT AR R 22 (RSD% ) 0. 68 1. 64 0.59 2. 65 1.45 0.76 0.93 2.26
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Cu Mn 538 [H 5 ML J7 5 B SCHERT 2 [ T]. IR,

Comparative Study of the Amounts of Cu, Mn, V, Zn in the Soil
Determined by Dual-viewed ICP-AES

ZHANG An-feng, YANG Gang, CHEN Ju, DENG Zhao-xiang, MAO Ke,
YANG Bo-wei, PANG Wen-pin, DEN Yun -jiang

(Guizhou Central Laboratory of Geology and Mineral Resources ,Guiyang 550018 , Guizhou , China )

[ Abstract] The amounts of Cu, Mn, V, Zn in the soil were determined by inductively coupled plasma atom-
ic emission spectrometry (ICP-AES) axial and radial, then analyzed the digestion difference of 5 standard
substances with different amount acids [ (HNO,) ,(HF) ,(HCLO,) ] and the influence of four elements on the
results of the determination axial and radial . The result showed that; (1) when the ratio of three acid is f, g
and h, the digestion is the fastest, then is d and e, the ratio of three acid is a, b and c is the lowest. (2) For
low concentration samples, radial observation sensitivity is higher than the axial observation; the difference of
the result is not obvious with different amount acids, but the relative deviation of axial observation is less than
radial observation, and this indication that axial observation work well for the high content of samples.(3) Pre-
treatment for stability analysis use three acid of f ratio, the standard deviation (SD) of the results are all less
than 10, the relative standard deviation (RSD) of the results are all less than 5%. For high elements( Mn) of
concentration samples, the stability of the result through axial observation is better than radial observation, and
the difference in the rest of the results is not obvious.

[ Key Words] ICP-AES; Soil elements; axial and radial ; The ratio of three acid



