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Determination of Multi-elements in Soil Samples by Inductively Coupled
Plasma-Optical Emission Spectrometry and Graphite Furnace Atomic
Absorption Spectrometry with Microwave Digestion

CHEN Jiang, YAO Yu-xin, FEI Yong, YAO Jian-min, WU Jie
(Huzhou Environmental Monitoring Center, Huzhou 313000, China)

Abstract; Microwave digestion method was used to decompose the soil samples and inductively coupled plasma-
optical emission spectrometry (ICP-OES) and graphite furnace atomic absorption spectrophotometry ( GFAAS)
were used to determine nine elements of Cu, As, Pb, Zn, Co, Cr, Mn, Ni and V in sample solution. Sample
digestion and instrument measurement conditions were optimized through the experiments. The detection limits of
the method for the elements are from 0. 16 pg/g to 2. 52 wg/g. Recoveries for different elements are between
95.2% and 107% with precision of 2.03% ~9.79% RSD(n =7). The method provides the advantages of lower
detection limits, simple operation and high efficiency.
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B ) BRI E -3 Cu As Pb.Zn Co Cr,
Mn Ni.V JCE (X 9 Fioc R & TR BT 15 YR 0
PEAE T H HE R E ) .

1 S8Ry
1.1 28 B TARAM:

Optima 2100DV LSS5 55 25 1K K 5 63 )
(£E PerkinElmer /N 8]) , SHHTIE 1300 W, 255+
St 15 L/min A B0 0. 2 L/min, 54600
0.8 L/min, ZK3F411] 15 mm S0 ( K SF-4h ) 003000
I AR D ORI SR8 A O sy, A S PRSEAT , e ok
SFAHEEIN) o ZEEnit 700 A7 5550 i IR ISOGTE Y
(GFAAS, T8 [=] H 42 43 #r A &% ey A BR A vl ) o
ETHOS TOUCH %5 P41 13 8 1 A A ( . K F Milestone
ol e TAER J1 5 MPa) . BS224S Hi F- /3 #r K
T (TEEZEZ R AR R LA R AT o

B ICR TR AR e, Wk 1

# 1 #%ou# ICP - OES 7MHrif Ik

Table 1  Analytical wavelengths of elements by ICP-OES
IR K A/nm JLH P A/nm
Cu 327.393 Cr 267.716
As 188.979 Mn 259.372
Pb 220. 353 Ni 231. 604
7Zn 206. 200 v 310. 230
Co 228.616

1.2 ESGAKIFRE

100 mg/L ZICR IR SR MER R (EH R A A4
J& KB AR A ey ) A B 1.5 mol/L
HNO, ,f3& 6% Al As . Ba.Be.Bi,Cd,Co,Cr.Cu,
Fe Ga . Li Mg . Mn Ni Pb .Sb .Sn Sr.Ti ,T1.V Zn,

HNO, (/5 2% 2k, [ 24 46 1Ak 27 1 0 A R 2
A))  HE (o3 A 4k, WiiL AR BHAL T2 ) , HCIO, (43
i, Pk T ) ,NH,H, PO, (73 Hral, i M Ak
L) e =30% (KR4, T F) 9 H,0, (43
Bréli , Wil Ih % =08 TAHRA A o SE5 K
“hy 3% Milipore 23wl il /K L5 1) 25 25 77K (FRLBH
#18.2 MQ + cm) .

IR 1 B R AR L Ml el X P -3 —
fyo BidaAt: BAAS + [ K hREY) Bt GSBZ 50014 -
88 (ESS —4) —1y,

1.3 SEusJiik
1.3.1 ke &

PR AL B RE S B A5 + 1 bR W) it GSBZ
— 26 —

50014 — 88 i 43 il 28 I HE WF A F I8 i 3ok 74 pum
(200 H) e Jebii. ZHMEAE 105C T4 4 h 5 AT
PR PR
1.3.2 flk b B

TRV I RREHFRE 0.2 ~0. 5 g (A5
20.0001 g) R, FHZ & KR 5 AT i R
5o THE 0.5 h J5 B GLE IE fRAX, 15 B MR AR T
AT, SRR HESR, RGHBER
100 mL S PUR o Btrh, A 58 KB i
THARRE VR — I B E R IR IR, 5T
LR 170°C MR £ . wir Ak E R
TR ARS8 %, B2 T EWECR , A2,
JA 2 mL 11.2 mol/L HNO, % fg skt , 5% & 50
mL 25 5, 1 0. 22 mol/L HNO, 52 %5, ICP — OES
B¢ GFAAS J5E o [A)Ish o T il s

ARSI R F 6 B TR A 348 e 1y XA T
fif o DRIIE AR L2 2,

2 PIHRYE

Table 2 The microwave digestion procedure for soil samples

" TEAREE WIS TR TR
0/C p/MPa P/W t/min
1 i ~ 150 0.1~0.5 800 5
2 150 0.5~1.0 800 10
3 150 ~220 1.0~1.7 800 5
4 220 1.7~2.2 800 10
5 ¥ R I

2 HRYHE
2.1 (A & B I R R S

I A 1R R 2% 14 T8 1 X U A P ) 245 2R
WAARIK o ANTRI AT AR A R T 8R0S T AR B
LS RAAE " o SCHRL 1L ]Ik, HE S ah i
f, I HE 2 0E—BE i Si0, ML IR R IR K .
PE, A 5250 1 Jo i #F HNO, - HF \HNO, - HF -
H,0, 1 HNO, - HF — HCIO, =i {4 it 2 , R4 %
FELE R SN 00 25 HOAE , e die 28 T Mgt ik e
T AR . AT LR 3 Fh =i gk 1A A% A9 T A A DL
A3 HNO, - HF fAZH1 HNO, - HF - H,0,{K £ 1Y
ANRESE A AR b 5 1 HNO, - HF — HCIO, /4 & fiE
HERE bl 2 S TH % o

FE R — AL 0. 50 go A b TH
KT 0.50 g, T AIE 25 T M KD 2 52 R e
TEHE A MTEE R WA ST e PR R S 7 4
0.25~0.50 g,
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Table 3~ The sample decomposition effect with different Table 5 Accuracy test of the method
digestion system , wy/ (pg - g~")
A 2 Vig/ml. AR M Cu A - n N
HNO; 5 Y yie . 2564 217. 12. 15.3 2. 4. 1
! : H R EA MBI 02504 7328183 7SS
HF 3 0.2952 26.5 11.8 15.6 65.3 33.0
HNO; 5 0.3252 27.5 11.5 15.8 72.0 36.0
2 HF 3 450 b P S AL 0.3573 28.1 12.3 6.3 745  34.8
H,0, 2 0.4441 28.1 12.0 15.4 69.0 34.6
HNO; 5 0.4312 28.0 11.9 16.9 72.5 36.1
3 HF 3 V&G 0.4938 28.1 12.8 15.5 72.4 34.4
HClO, 1 WEmm 277 122 158 7.2 347

RSD/ % 2.03 3.80 3.37 3.97 2.88

2.2 AN — 26.3+ 11.4+ 226+ 69.1+ 32.8=
R T
ARSI 5] HF \HCLO, \NH, H, PO, \30% S
. ol for o HHX 2/ % 5.3 7.0 -30.1 3.0 5.8
fy H, 0,59 0 40T, 2R 25 (I (3 4) 7T T
W AR IR As BV BEESR HACER T e -
SAC T / X L/ o 5.
BAL BTSRRI ER. WA e oy 7 wma
FeVF, BRI At s A e AR A7 o 0.2952 70.9 643 14.2 83.4
0.3252 75.7 703 13.7 89.7
i’% 4 ﬁﬁ?"?‘lﬁlﬂ‘]ﬂﬂﬂ’ﬁz 0.3573 73.4 676 12.8 88. 1
Table 4  Analytical results of elements in digestion blank g 2 636 12.8 88.5
0.4312 69.7 738 13.4 93.2
T 3 pp/(ng - L") JLHE pp/(pg - L") 0.4938 74.2 665 13.8 87.8
Cu 10. 1 Cr 11.7 IR B4 (. 72.9 676 13.3 87.8
As 57.6 Mn 1.5 RSD/% 2.74 4.80 4.08 3.49
w 132 2 2 FRAEM 70.4£4.9 69436 13.3£0.5 90.0%2.0
Zn 5.9 v 48.0 iR e * ERS R OES
Ni 7.9 AR 22/ % 3.6 -2.6 0.0 2.4
@ HHXHR 2224 1CP — OES Il 2 - F4 55 b o (B0 B33 45 21
2.3 UEBHEERIRG %)
2.4 Kb

P8R 3 19 IH M 45 2R, ¥ HNO, - HF -
HCIO, & Z4F R {H 6T GSBZ 50014 — 88 #4711
fif, 37 H ICP — OES $rifE i &L e . MRS 45
ALED, BR Pb U 2 45 AR AR 29 30% 4b, KAy ou Kl
E T IME -5 05 HEAE 0 I 22 29 7E 10% DA, H4%
TCER I E ARG 25 B (45 BBURE 8 JUr 15 25 SR 199 A X
PrRufEf 25 , RSD ) 88/0N , d BHARRE A T A A0 2 2o
HOPAT R AT, HFRAE R AE 0.25 ~0. 50 g I &
R ERAK,

ARG SCrk [ 12 ], 2400 58 Pb e FR I K
220. 353 nm B} 232 5] Al 220. 463 nm 3548 (1) ™ &
T, 555 AR 15 % 2247, ol RATHh 28R
IEEFEAT 8 IE [ P % HAth 35 28 19 R R G A
220. 353 nm, H 3 523504 BF ( BEC) 34 |y, 220. 353
nm 5 ], ARSLR S GFAAS $K, L NH, H, PO,
S EEAAREGHER], Pb 283. 3 nm Sy 43 B A6 IR PR
U 2. 7 A FRAE & BT AT e - A E R 2401
ne/g, ShRAEME (22.6 £ 1.7) pg/g M XTI 224
6.6% ,RSD 4 9.79%
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Table 6 Detection limits of the elements

] ot # ol
R Ly/(pg-g™") e Ly/(pg-g™")
Cu 0.57 Cr 0.71
As 2.52 Mn 0.16
Ph 0.32 Ni 1.50
7n 0.59 A% 0. 64
Co 0.70
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[ TH A A0 R H % 5 £ 4T ICP — OES F1 GFAAS il
FEo SRIGHEEML 175 GSBZ 50014 - 88 Jii ¥4 4 LU
KA1 1R F BT nbs B S , I e 25
W T Ffk 8, MR 8 WA, £ 0 R ML HEE
95.2% ~106.6% , i LA HFE R .
2.6 5 EPA 3052 Jji:ykbis

EPA 3052 J5ikfd 2. 1 755 82 21 5975 5 vk 02
JIA 9 mL HNO, M1 3 mL HF, 445 W5 1 fft i
WA ULUE, B0 o 38 5 I a2 . X Ui B EPA
3052 {99 ff 7 RN R IR AN IR . H EPA
3052 [ A LS T E 8 12 mLs i A SE 5% HNO,
- HF - HCIO, /& & A i 50 B 8 9 mL, L
EPA 3052 fH&/b,

T L PRSI

Table 7 Analytical results of elements in No. 1 soil sample

i wy/(pg - g™")
W5 Cu As Pb Zn Ni G Ma Co V

1#-1 23.2 144 27.4 68.5 20.4 549 179 14.7 62.8
1¥-2 234 147 27.8 64.2 19.7 50.8 202 14.2 66.0
S 233 146 27.6 66.4 20.0 52.8 190 14.4 64.4

© FEFFE6,

s ICkiAK
Table 8 Recovery test of the method

my/g pe/ (g L7

JCE REH1F GSBZ 50014 - 88
LN AR

B
migAR Wl %

Cu 228 237 103.9
As 119 126 105.9
Pb 230 243 105.7
Zn 622 651 104.7
Ni - 0.2278 0.2312 243 259 106. 6
Cr 566 576 101.8
Mn 4075 3878 95.2
Co 127 135 106.3
A 710 689 97.0
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(1) FEFHEE 3 TR S G br o h 2k €
4erp Ph (I E 1< 220. 353 nm) FRZ T AL )
THC, A B S0 stk LU BRz 90, O A
SR R IROE IR IE .

(2) +HERES LS mL HNO, —3 mL HF -1 mL
HCIO, Y& & BRI 22 T A W, A6 B I 7 = i vy
25 A 5 5 B IR R BB R I  lf LAA
WIS VR D, R AR A R Dk, el 2D T3k
FH R AERAE AN R 738 . 536 E EPA 3052
FrEAR B AT Pl A /D R AT A B e 4
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