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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 pg/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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Optima 2100DV 388 & % 8 TR R 51
( #H PerkinElmer A7) , 55 5h%& 1300 W, 455
SHE 15 L/min HHSHE 0.2 L/min, FAIH
B 0.8 L/min, 7K F4016] 15 mm YR ( K -4 e S8
HEE AR R BT =, R IR, BOERE K
S W) . ZEEnit 700 £ 240 5 R BOERHX
(GFAAS, EH ERE AT INSF M B R H),
ETHOS TOUCH %5 A i i 15 784X ( B A F| Milestone
AR BETAEE S S MPa) , BS224S 1 F43iF K
F(EERZ RS REARAA) .

BRI BRI, L& 1,

F1 HLE ICP - OES ik
Table 1 Analytical wavelengths of elements by ICP-OES

P 3 P A/nm K K A/nm
Cu 127.393 Cr 267.716
As 188.979 Mn 259,372
Pb 220.353 Ni 231. 604
Zn 206. 200 v 310.230
Co 228, 616

12 REANRSR
100 mg/L ZLRBERERR(ERXRAES
B EBFAE AT L), A ER 1.5 mol/L
HNO, , &t & Al,As.Ba,Be Bi,Cd,Co.Cr.Cu,
Fe .Ga.Li Mg Mn Ni,Pb.Sb .Sn Sr Ti,T1,V Zn,
HNO, (tE 4 4, HA R WL E X H AR
7)) HF (43 frddi, #T LR B4 T ) , HCIO, (447
4, FERET)T) , NH H, PO, (2M47 4, MM 4L
ZXHT) 0 =30% (KB, FRED 8 H,0,( 4
ol T A lmE 2R THRAR) , KRAK
% H Milipore 24 A HIK VLR £ B FK(BE
#18.2MQ - em),
BRI EREETREXA L5
Bro Bt B+ ERIFEY R GSBZ 50014 -
88(ESS -4)—1{j},
1.3 ik
1.3.1 REH%
FREMEE S KBS L E R EY R GSBZ
— 2 —

50014 - 88 ¥ H A BB BT 74 pm
(200 H) B, Z4t8 105C T4 h FRAT
HeB PR
1.3.2 HikmistE

FRIUE Z 1w P FRE0. 2 ~0. 5 g (KB
F0.0001 g)ifk#E, AL BKIEEEWABERRER
5. HE 0.5 h FHAMBIER, REWFERF
HTHEE. HRTEERAZZR.AEEBE
100 mL RUEZEER T, OB EE FKUESR
R R —HEBER R ZHEEN BT
HHR 170CHREE T, WL FRHAERER
FTEMKGEEAER  EEL TR EARERT, B,
JMA 2 mL 11. 2 mol/L HNO, B E, 5B FE 50
mL A8 #, i 0. 22 mol/L HNO, & %, ICP - OES
2k GFAAS fliE, FAMEHBELEEZA,

ARSI R P B B FHR B 4 38 FE R AT IH
. MBTHERFILE 2,
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Table 2 The microwave digestion procedure for soil samples

SR HEREE HEES  EEIE HEE
: #/C p/MPa P/W +/min
1 EE-~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 % HIFER
2 #R5HHE

2.1 {ERIER KRR ST EE

MR R R R T B S R
R K. ANIF B R TR R R BT
BEERARMAC ™, XER[111iA%, HF R46F
%, B % HF BME—RE4 % Si0, IR EL B BR 3S,
B, 4 5L K 3 SE % # HNO, -~ HF (HNO, - HF -
H,0,#1 HNO, - HF - HCIO, =/p /4 1A & , 1 HE 1
RS RSN TR B, e B AR R
HOTSER . TR 3 PERERARMTERIER,
%8 HNO, - HF {& & #1 HNO, - HF - H,0,{k &3
AHESE L WM HE & T HNO, - HF - HCIO, {h & 6
R E 2T

HERMERE —MAET0.50 g, BERHFER
KF0.50 g EHEATL; HBEERPRERBE
TEMMERY, A LB EBEHELERER
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 we/(pg-g™")
/
WEER  Ve/ml WRER R Taa'l s - n N
0, 5
1 HNO, 25 NI 0.2564  27.3 128 153 725 34.1
HF 3 0.2952 26.5 1.8 156 653  33.0
HNO, 5 0.3252 27.5 1.5 158 720  36.0
2 HF 3 EOREEBETR 0.3573 28.1 123 163 745  34.8
H,0, 2 0.4441 28.1 12.0 15.4 69.0 34.6
HNO; 5 0.4312 280 1.9 169 725  36.1
3 HF 3 o3 0.4938 28.1 128 155 724 34.4
HCIo, 1 Wt 277 122 158 7.2 347

2.2 RRRm

A SC T iR HF HCIO, \NH, H, PO, 30%
B H, 0,38 K53t o, 2B HEBTHE(RE4) T
WA R SRS AR As I VRN KATESR
BAK, GERA BT R AT A0 B AT R, ARG
FifF, B R AR B AR E AR
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Table 4 Analytical results of elements in digestion blank

TE ps/(pg L") TR pe/{pg L")
Cu 10.1 Cr 11.7

As 57.6 Mn 1.5

Pb 13.2 Co 2.8

Zn 59 v 48.0

Ni 7.9

RSD/% 2.03 3.80 3.37 3,97 2.88
~ 26.3+ 11.4% 22.6x 69.1:x 32.8x
PR 1.7 0.7 1.7 3.5 1.7

MxHRE % 5.3 7.0 -30.1 3.0 5.8

wy/(pg-g™")
Mmus/g
Cr Mn Co \4
0.2564 74.6 673 12.7 84.2
0.2952 70.9 643 14.2 83.4
0.3252 75.7 703 13.7 89.7
0.3573 73.4 676 12.8 88. 1
0.4441 71.9 636 12.8 88.5
0.4312 69.7 738 13.4 93.2
0.4938 74.2 665 13.8 87.8
e 72.9 676 13.3 87.8
RSD/% 2.74 4. 80 4.08 3.49
PRAEE 70.4+4.9 69436 13.3+0.5 90.0+2.0
XTI/ % 3.6 -2.6 0.0 -2.4

2.3 HRENRGEE

R 3 WIHME R, % HNO, - HF -
HCIO, {& & VE A THMA B X GSBZ 50014 ~ 88 #4T1H
% 3 ICP - OES #rMEfi R Ik, RS R
Al A, B Pb % 45 RARIK Y 30% 5, RATE W
EREHESHRHEENRENE 10% DR, BE
TLEME MR T (5B R FTR 4 R WA Xt
PrufEfR 2, RSD) Be/0n, 15 B IR 7E T A AU 2 i 72
HRATRE A, ELFRBE R 7E 0. 25 ~0.50 g Bl
HERERAK,

MR AR [12], Y€ 8 Pb B K
220. 353 nm B} £&3Z 8 Al 220. 463 nm L= E
T, EBERRKLS % hH, TRBTHRREK
EREHITBEP WHAER MR EETA W
220. 353 nm, H#¥& R % ¥k & (BEC) & 1 220. 353
nm &1, A&LKH A GFAAS $ R, L NH,H, PO,
S FEARSGER L Pb 283. 3 nm R K S HARE
KilE, TAHHERFEGNELHMER 241
pe/g, SR (22.6 £ 1.7) pg/g MM RER
6.6% ,RSD % 9.79% ,

© Hxf{Rz ICP - OFS & V- SHE Sn HEEX BT B AR,

2.4 BB

7E ICP — OES #1 GFAAS WsE &4 TF, 1 0.22
mol/L HNO,Z5 VA W 4 Bl E 11 K, AER
PR 50 mL FREER 0. 50 g 7, FFI9ME A 3 R
Rt R AR EEE BN A & TR MR R (W% 6) o

#6 RIM®
Table 6 Detection limits of the elements
- R iR _ BB
R s TR L)
Cu 0.57 Cr 0.71
As 2.52 Mn 0.16
Pb 0.32 Ni 1.50
Zn 0.59 v 0.64
Co 0.70

@ % Pb $i#li 2 GFAAS W ; H AR JT X B4 44 % ICP - OES
W, kBl GFAAS JE

2.5 [AlcE
W5k 1" 1% B8 GSBZ 50014 - 88 [F 5 £ Rl K
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B 5 B #R J5 3 4T ICP - OES F1 GFAAS #il
Eo RIGHEES 1'5 GSBZ 50014 - 88 JF# £ L
KY1: 1 FE R AT s ELGRE , W E 45 R
RETHERS HESTH, ETERNKRAE
95.2% ~106.6% , R ER,
2.6 5 EPA 3052 Jiikfgtbas

EPA 3052 779 2. 1 YR BIH B 2
A 9 mL HNO,f13 mL HF, K455 5 K o
NETRE, BELRTEENE. XYW EPA
302 WM EEE L EHAEHME, H EPA
3052 [ IEAEANLE HE R 12 mL; ALK HNO,
~HF -HCIO, & R M AFSHEN 9 mL, tb
EPA 3052 fi&/),

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

R wy/(pg-g™")
%% Cu As Pb Zn N C Mn Co V

1*-1 23.2 144 27.4 68.5 20.4 549 179 147 62.8
1*-2 234 147 2.8 64.2 19.7 50.8 202 14.2 66.0
RHE 2.3 146 2.6 66.4 20.0 S2.8 190 144 644
@ REME6,
#®3 EMCRIRRC
Table 8 Recovery test of the method
my'g po/(pg L7h)
TR g 1% GSBZ 50014 -88 bk
:1x] -
ERMAR ’%
mAR  mAm  TRMAR MR
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
v 710 689 97.0

O &iEFIFR 6, MEEAMBRAIRSEHHIE.

3 ik

(1) FERS B TERR S Mo i 205 2
+ 4 P (52 B 220. 353 nm) i RIVERE Al B9
Tk, 4088 A shin & S LUK T, U A
B R T RYOLIEENE

(2) +HERES LIS mL HNO, -3 mL HF -1 mL
HCIO, B A MR R N N, B EFHR 7 XM B R
EHAHBRSEEFRRIOEEREA B2
PR FRYOEIE B E , R R, A T i
FIFEMEBEEARKFshIRE ., 5% E EPA 3052
FEAL, AN REAAREED HRERETL,
RifAT L Z TR E M BB
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