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Preliminary Study on Pretreatment Technology of Heavy Metal
Elements in Soil with the Method of Microwave Digestion and ICP-MS
XU Yue

(Lianyungang Agricultural Products Quality Supervision, Inspection and Test Center, Lianyungang 222001, China)

Abstract: In order to prevent and control of soil pollution with heavy metal elements, maintain ecological
balance and protect human health, a simple, rapid, accurate and quantitative analysis method of soil heavy metal contents
was explored. The pretreatment technology of seven heavy metal elements (Cr, Cu, Zn, As, Cd, Pb and Hg) in soil standard
samples by the method of microwave digestion and ICP-MS was studied. The results showed that in the analysis of seven
heavy metal elements in different soil standard samples, the usage and dosage of nitric acid + hydrofluoric acid systems
were different. The determination results of soil standard sample ESS-7a in nitric acid + hydrofl uoric acid (6 mL+3 mL in
predigestion, 3 mL+0 mL in redigestion) and soil standard sample ESS-8a in nitric acid + hydrofl uoric acid (5 mL+2 mL
in predigestion, 3 mL+0 mL in redigestion) systems were basically consistent with the standard values. These two methods
were using less acid, simple and quick, less environmental pollution, high accuracy and precision, so they could be used as
pretreatment methods for simultaneous determination of these seven elements.

Keywords: microwave digestion; soil; heavy metal; determination; pretreatment
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THEZ MR A P it B P2 55 W L, i HL9B B R ok
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A AN e s [RIL, RN —FhRI B g, A
v ) - 9 o 4 T SR A I 5 TE T DR R AT AT
AEEE L.

TR E G R ITE F R RIS,
e He s ) S AL T AT AL BRIH AR 5 72, LAY
RIEHM . TRICEHEBGEHB AL,
R AN o S e i D T R — TS A B T
AN AT T R AT AL B B R ™, A st
W, BTG g AR R JTTEA L K
(k4 srHg, As) | BAERIMEEILA,
ot AL B 5 T ) R B R A
THRBEEE (ICP-MS) BA e REEUEFIRGE . 52
etk BIVEH , SRPUAE R THURE DA R R oy
Praede s, Oz AT, shiat Ko
fb. fesft T, Wi, AeaskEEEaa. 2
FAOBE . % Tl A U Y % 2R i vh TEAL I 23 HY
TR, HAER(ERR, SERERD, R,
g, AT RIS £ AT . AIREERHICP-MS
e LA P ES RS R, DS HER—MA
MR /b, WIEPREE . BTSRRI, 2
JERRE R T3 75, DASE 4 bt ) JE 08 52 Z ) 1 0%
Fesh b E SR T R A R AIE TIER R,

1 ##Fn7E

1.1 AR ES
L1l XM+

+ kR RE S GBWO07407a (ESS-7a) At
X A AREWREE, HFMEDERX L5,
GBWO07408a (ESS-8a) RA:Hh i 7ERKH & 7% )|
B, tm R gE ST b E R B ER
Yy PR HbER b 22 D 22 R ST P

A RIRAERR (1 gL, B&Cr, Cu,
Zn, As, Cd, Pb) FiHghrfeiz#k (100 yg/mL)
BT E KA 4R T T AR A I G
g ($24l) iR . RBAEHEER, BARTL
THEAR (B ARAR™ G,
112 KB E

FOEMLSE (Agilent 7900 ICP-MS
MicroMist) | filikiFfif{ (CEM MARS6) | &

= 25 35V e
1.2 RWFHE
1.2.1 TAEZ4 5 LERF b XEH

43 BIWRE2.5 mLE 4 )RR A brifiA R FiH g
PREVAEIREISO mLE R, 1% E % 24
Lk, ¥4, Bl E A RIE AR, FRIRR
AR AR & 4 R IR A brdEia i, M1 %R
i BE 250 mLA B A, Bl A Rk BE bR i
W (1) . Cr, Cu, Zn, As, Cd, Pb¥y40,
1.5, 10, 50, 100, 200 pg/Lix7/42% 5, Hek
0.0, 0.5, 1.0, 5.0, 10.0, 20.0 pg/L 645,

KEICP-MS{U &M TIELZMH AR TED
650 ~750 kPa, W (KA R) ED
60~ 100 kPa, JEIR/KAZELHK, H /1230 ~400 kPa,
FEWNim EEHIE2S C, BRHENE 410~ 15m/s,
(L& &I TAES R e s, #EREE R R
IR B 2 & ok FE AR ife i ity (RLAEZE ) dEAT I
G LA TCFEMIbRIE TR IR B AR AL AR, iR
FRMITT 22 M E (B AN bR, 2 HillbrifE dh 2%
122 E3EAFINM

5B 3PP A [] 1) R Ab B 5 v 3t A7 A AR i
FERRTIALER (FR2) , ZJ5 R M ERE T 17 7%
P AH MR, PO TR ES RS, T3P AN [R] 1 A 2
T AR BSOS T3ROS RITE R G B, &
BENMESERSRIEEERSFE. BEEER
4F . HRRE/D . TRI{EPREE . oo RS 25 1O 5
EAHEIRE 3. BRERIESRAT,
1.2.2.1  FliEfgct B2 ERRPREL0.2 g H bR it

R THEEBLERRKE ng/L

JtZ STD1 STD2 STD3 STD4 STD5 STD6 STD7

Cr 0 1.0 5 10 50 100 200
Cu 0 1.0 5 10 50 100 200
Zn 0 1.0 5 10 50 100 200
As 0 1.0 5 10 50 100 200
Cd 0 1.0 5 10 50 100 200
Pb 0 1.0 5 10 50 100 200

Hg 0 0.5 1 5 10 20 —
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anESS-Ta T 5 e % B R FERI T AR b, SLRRERL
27 FEdh, 3AFER LA, L9, Fh5 k2,
[IAE 5 T A0 P 3 hR A AWES S-8adf- S 5 s T4y
BUMAZLARIRIERE Z . AR BHH 150 C i
{HAFR30 min, Jifg Lt v i O SR AL I O R i
Ko WRKIRBAMAEARES (At
1.2.2.2 Gk BUHMEERG R H R =R,
Tt W T RERS RSO T AR U, SR T A7 T
fift, EMIEARART, ZERE190 C, T
[8)30 min, {RFFHFE]25 min, THEE1 100 W,
1.2.2.3  ZRIEME WMOKHMBE R AR E
I, B HLEAAR EARSEINERTH AR, HL PR 1
EAL50 C, AR M7 30 A R Y ER 7R
FRo
55 2 VR A AR I TR] AR A O T AR Ol o, T
i ok B2 B B 2 A S 0L, IRUEAE S AN DT
0.5 mL, {Hfi#ZAEM A T0.5~1.0 mLi,
MEERR AR B, BHBEER )G, Haidgkew
F50 mLE SN H, B EER EALST,
1.2.2.4 JHMRAECREE  PUEMSE RS, R
ki S A, RUNHMRTE e, KEERY
HE . RiHMRE R, HRRTEE.
o, FREKE, RUNHEMRE A, TRl bR

RWIRI MR TE 4
2 HRE5SH

21 tREMZ&RELL

Wk A T E AR, SR]TRE 4
BT EWI LG AT, SSREVIXTRE
LEITCENEME R R R, KIEA%$39i50.999 7
Kl ks
2.2 AEINMBRIKZ T R R AR
221 JmERAK A XS TR MR L& R 69 R

TINER R 2 TRIH R 0 WL 222, 3 bm b A
ESS-7afE3Wiilfi#{k Z (HNO, 6 mL+HF 3 mL)
WOER, (MR FRE AT R A, R
4rs HIERRUERETESS-8afE2 T A & (HNO,
5 mL+HF 2 mL) AN, {HMRFNTR I 40 2 i
A, HRIRTE S .
222 MmERAK A3 KA # R

bR IfEAE SN ESS-TafE 3-2{H iR (& 7 BTHNO, +
HF (6+3, 3+0, mL) T, {Hfifik LM,
A bEKAKE, TEFY, KPR
HiRsE A s 1E3-153-3(HRAE R T, IHRKRE
W, HAKAGITE; Ml-1—2-3{HE AT
PIH IR R E R a2 EWMRE, AKAILE

BTy (HAREDR, iR A, RiEKR, KE&FY, WHHH REME S, TIERAERE S
FT2 TEMAEMBER RETHBEER
MR T 3 ESS-7a ESS-8a
Bt AL
mo OB BRgs  RIRE REEE  RSEE EREE R
1 5 0 7-1-1 7-1-4 7-1-7 s i 8-1-1 814 817  fEn i
7-1-2 7-1-5 7-1-8 8-1-2 8-1-5 8-1-8
7-1-3 7-1-6 7-1-9 8-1-3 8-1-6 8-1-9
2 5 2 721 724 727 s Wfn 82-1 8-2-4 827 i i
7-2-2 7-2-5 7-2-8 8-2-2 8-2-5 8-2-8
7-2-3 7-2-6 7-2-9 8-2-3 8-2-6 8-2-9
3 6 3 731 734 737 i Wik 83-1 834 837 s e

7-3-2 7-3-5 7-3-8

7-3-3 7-3-6 7-3-9

8-3-2 8-3-5 8-3-8

8-3-3 8-3-6 8-3-9
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ESS-8afE2-2if#{k ZHIHNO, + HF (5+2, 3+
0, mL) T, JHf#RICEER, (NADLEILE,
TEFY, FHLEETER A, FE2-152-3
MR ZRT, MMRBTCaBE, (U4 KA 6T
TEs 1 1-1—3-3{H itk 2 THHRIREE R RH
EEMRE, AKEATE N ETFY, DR

R e 42
2.3 HMBERWIE

MFESTILAE M, IR ESS-TafE ]
{H A g o T AL PR AINAHNO; 5 mL +
HF 0 mL[F, Cr, Cu, Zn, Pb, HgrtEMHAY
SRR/, As, CAUMRAR s fE2IHMAR T

&3 TETRHBMBRIKRFERS R

THIRT5 75 ESS-7a ESS-8a
HE
KLEE HNOJ/mL HF/mL 54 ﬂé,mﬁ& RIEEIG HRIT MRS i%ﬁ& ik G R
i it

1-1 0 0 7-1-1 e i Toed 8-1-1 w 2 N5l
7-1-2 8-1-2
7-1-3 8-1-3

1-2 3 0 7-1-4 B 3l A5E 8-1-4 B 3l e
7-1-5 8-1-5
7-1-6 8-1-6

1-3 3 2 7-1-7 e 3 Ao 8-1-7 et 3 RTE4
7-1-8 8-1-8
7-1-9 8-1-9

2-1 0 0 7-2-1 # Y3 e 8-2-1 Tt KH A
7-2-2 8-2-2
7-2-3 8-2-3

2-2 3 0 7-2-4 By Y3 F5eds 824 Tt wEkE Ee
7-2-5 8-2-5
7-2-6 8-2-6

2-3 3 2 7-2-7 Bedy 3 Args  8-2-7 p/Ri) 3E! TEA
7-2-8 8-2-8
7-2-9 8-2-9

3-1 0 0 7-3-1 Tta A= Tah 8-3-1 #H &S EE
7-3-2 8-3-2
7-3-3 8-3-3

3-2 3 0 7-3-4 Tt EKE S %A 8-3-4 Bt Y3 TE4E
7-3-5 8-3-5
7-3-6 8-3-6

3-3 3 2 7-3-7 y/R) YS! 4 8-3-7 B 35 T
7-3-8 8-3-8
7-3-9 8-3-9
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R4 BFRELEEETE

METTH etk (ng/l) BIERE KPR/ (ug/L)
Cr Y=9922.965 4x+915.620 0 1.000 0 0. 150
Cu Y =11 969.625 5x+1 535.700 0 1.000 0 0.009
Zn Y=1743.324 9x+4 519.796 7 0.999 9 0.080
As Y=12317.607 6x+13.333 3 1.000 0 0.150
Cd Y =2 880.270 4x+28.890 0 0.999 9 0.120
Pb Y =28 575.120 344x+0.000 000 0.999 9 0.100
Hg Y =6 194.226 9x+72.676 7 0.999 7 0.002

RS ARHBART/HEEETREE (mgky) RirfERE

Cr Cu Zn As Cd Pb Hg
A MR, b b b & b b b
s wz TREE aow & ow & B & B & W & Bk &k
TN TR S T S T IR T S
2 % 2 % % % %

ESS-7a 1-1 7-1-1—7-1-3 350  1.86 73 125 150 125 55 211 0.38 .54 10.1 1.74 0.048 3.12
1-2 7-1-4—7-1-6 352 254 76 1.98 156 152 57 247 038 1.58  10.6  2.08 0.045 3.21
1-3 7-1-7—7-1-9 351  2.14 76 1.69 159 1.65 56 217 037 1.87 1.5 1.87 0.046 5.12
2-1 7-2-1—7-2-3 306 187 72 1.87 154 177 49 214 035 144 153 078 0.049 3.85
2-2 7-2-4—7-1-6 310 1.65 72 179 158 178 48 218 032 1.77 163  0.89 0.048 3.89
2-3 7-2-7—7-2-9 309  1.74 73 178 151 179 47 274 031 1.87 159  0.96 0.047 3.84
3-1 7-3-1—7-3-3 354 158 76 1.57 172 158 45 1.82  0.26 1.51 179  0.88 0.065 2.19
32 7-3-4—7-3-6 365  1.69 83 1.59 180 1.57 4.2 1.86 0.3 122 185 084 0.062 2.54
3-3 7-3-7—7-3-9 357  1.21 89 156 172 155 43 1.87  0.24 1.41 175 0.87 0.073 2.65
FRiEIE 379+24 84+7 187+13 42+1.1 0.23+0.08 18.3+2.1 0.058 +£0.008
ESS-8a 1-1 8-1-1—8-1-3 55 1.15 18 152 80 258 18 2.01 0.10 1.87 15 1.98 0.014 2.33
1-2 8-1-4—8-1-6 56  2.08 19 1.98 81 254 16 2.11 0.11 1.85 14 1.71 0.016 2.98
1-3 8-1-8—8-1-9 55 1.21 17 1.87 79 214 16 1.45 0.10 1.89 16 1.57 0.019 3.02
2-1 8-2-1—8-2-3 70 0.91 20 087 70 121 15 0.98 0.11 1.54 18 1.28 0.020 2.11
22 8-2-4—8-2-6 63 0.85 25 096 67 105 14 0.97  0.14 1.21 22 1.27 0.028 2.01
2-3 8-2-8—8-2-9 71 0.98 21 0.82 71 1.6 15 098  0.17 1.12 18 1.58 0.021 2.54

3-1 8-3-1—8-3-3 56 1.04 15 2.13 89 1.54 14 1.89 0.17 1.87 25 1.32 0.013 2.74

3-2 8-3-4—8-3-6 56 1.45 14 1.97 90 1.98 15 1.78 0.18 1.55 26 1.95 0.010 2.41
3-3 8-3-8—8-3-9 57 1.21 16 1.78 89 1.87 14 1.87 0.19 1.22 27 1.75 0.011 2.75
ARl 65+4 24+£2 66+3 132+1.4 0.14£0.02 21+2 0.027+0.005
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k2 TR B I AHNO, 5 mL+HF 2 mL, Cr,
Cu, Zn, Pb, HgyoHMIHAIEE R M/, As, Cdll]
ks FE3HEIRHAZR T & FRE I AHNO, 6 mL +
HF 3 mL, 7FocEmEs RERELRMEE, Hh
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FRUE(E, N LIEPRIERE SR ES S-TafE3-2{H i1k &
TR AT
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Pb, Hegir FMIH LS R /N, Zn, Aslli
K (E20HRA 2 T st TG I AHNO, 5 mL +
HF 2 mL, —/&kAbE I AHNO, 3 mL+HF 0 mL,
TR RS R T A brIEE, S50 B (E3THR
RS AL FINAHNO, 6 mL+HF 3 mL'F,
Cr, Cu, Hgr Ml A& Rk /), MiZn,
As, Cd, PoocEMIHAEE R R (KS) .

Bz, THEARMERESYESS-8afE2-1, 2-2, 2-3
THRR R T &SR AT, TRRIC S AIE BB #BIEAR
HEMEVEE N, Z2A 2% e EFbrdEE, Ih L
SEBRIERE THESS-8afE2-20H iRk & T4 R At .

3 HFit5itit

AN]SR R B AL B T AN, 3 A T
T LA ARIR . R o R R A HLBT, &
BB oy Rk RREFREL , mEIASE . AIREEERK
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EEW, TAEFUUE S &Y, IR RIER S
&, ZBUSUE, TRICENE BUE AR EARAEETE
o TIEPRUERESAES S-8afE2-2{F ik & T 45 Rfix
#, HNO,+HF (5+2, 3+0, mL) FI{HRIKEE
EEW, TEMULES &Y, L RIERT
4y ZUSIE, TRICERAINIE BUEEREARHE(E VE
Mo
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e, BEt, ORIE T b SEbRof A i b A 7R 4
JETCHHIME 85 SRR &

I AT AL BRI R b, R tRAE,
W5 gesl, HERRPEFIAS 25 B BB, KRR sAb
TUMERTAC B R R & A BB B B, wLMESA
(5] Ik 0 X 7Rk e SR A RITAR BE G 7 . %7 TE TR
WA ESRETS, JEE TTHESRE
TCF, X AR TT A AT BE B AL FR 2B
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