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Abstract

Six soil samples collected from a certain area of Wanyuan were treated by total digestion and mi-
crowave digestion, and the contents of arsenic, cadmium, chromium, mercury, lead and selenium
in the samples were determined by inductively coupled plasma emission spectrometer (ICP-OES).
The accuracy and precision of the two digestion methods were compared. The results show that
the two digestion methods have good correlation, the measured values are within the uncertainty
range of the reference material, the relative standard deviation is less than 10%, and the relative
standard deviation of microwave digestion method is less than 5%. By comparison, it is found that
the microwave digestion method has the advantages of short digestion time, thorough sample di-
gestion and less reagents, and is superior to the total digestion method in accuracy, precision and
simplicity of operation.
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FE AR i EVSCHS 5 RN A R AS RSO 5 R 8] [9] 5 2 T AR [ FR R St TSI ¢ SR AR 0 i i
DPEREATIITE, AR SE PR I R, PR (AR A3 T BUR SR KR
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2. KBRS %
2.1. SERR{UARAR &

ICAPB500 FELIEHE A2 251 & 6 %A (35 [E Thermo Fisher A7), MARS HUGuk iH iAX (351E CEM
Corporation A ¥l), GSY-24 B S E R (3 MIEE LI & HlIE G BR A F]), EH35A Plus fdz 4w 4
WRAEFSRAAZE R A A IR A F]), F-P400 BG4 A Uk BE A (1 P o < s e A 2 AT IR A 7)),
ZA120R4 T HL RSP (i e g 2 A PR A 1)

2.2. SRR

WANIR . WREIR . = &R . SRS g 4l; As. Cd. Cr. Hg. Pb 1 Se Jo & brdEVA T 100.0 mg/L
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(5t @b ERE i), GSS-10 IR 7 HAstENL, WSk T P E R EVI I ; GSS-27 H 3k /)
B eI, ST Fp [ SR} 7 e st R B 3t A 7 T U T

2.3. EEmEE

MR A N RN LR, A F A8 i W AR TS (NY/T395-2012) [10], R H J3 b
X E3ERES, S AN 14, 2#, 3#, 4#, S5#, 6#. BERAEMFEH(Z 1.0 Ko)RRdwRA))a, P4
rEY1200.0g, HAEAARTMAN LSRG, FRERAE, AT ERRBUR R, REY
513 100 5 5 44 H o

2.4. MRS

2.4.1. &iHERRE[11]

FREUHI #5171 0.2 g L3380 i T 50 mi B R DUGR SRt N2 1 /K&E V25, N 5.0 ml #5
g, T JAHE A 100°C HLRR EANFE MR Lh, (ERERAID iR M5RIEZE KA 3.0 ml i Aa ), HUHA A
JE AN 5.0 ml A5Z . 3.0 ml ZFEE A 3.0 ml SR, hnEs T 190°C it Ehn# 1 h 5 a4k s i, 24
TG EWRIE RS, NaE 785 o il B EA NI . MR OB BE E B EFGIIE RS, ik
IR 2 N AW R RADIR . SRR B B EGRE, TRUUEY, HEEEIR, PSS Fik > SR E
HUL LR, REAHG, A 2.0 mlEERERR (L) AR, 250 ml &8mt, HEETKER,
BB . RN FRE

2.4.2. R HRE[12]

FRELUH #5171 0.2 g e it T 3R VUG IR O A MR, N 3.0 ml fiSE2 2.0 ml #hER A1 1.0 ml &
WIR, B 5min, (RS SilkEl. 5 BN, RESEE B TR, HEREF N BL5T
/min, FHEZ 150°C, f£4F5 min; Zk£ETHE % 190°C, {#£F 30 min JGBWiA 2% 50°C 147 . JiedFoh,
LT A T XU P 1 SRR R A, 190°C IR BRI AR 1.0 ml A4, HUBAHE, #4450 ml
HEMT, HEEBTFRKER, &M RIS AR,

2.5, HERMLR

PRI 77 V2] 4% T RE S RARVE S VAR, 7F ICP-OES LRIt FIlGE, XSS E miiES N
[13]FIIAR T ¥22, At : R Zh3 1150 w, 23 50 rpm, ## B & 0.5 L/min, F4b 34K & 0.55
L/min, AHSJE 12 L/min, EE 3Kk,
3. &R51tie
3.1. ¥RAERIZRRYLLH

HUAs. Cd. Cr. Hg. Pb 1 Se Je & bR, 43 7IlC B ROk £ 25 0.10 mg/L. 0.20 mg/L. 0.40 mg/L.
0.80 mg/L. 1.60 mg/L. 3.20 mg/L (& U RARHETRFREM, LAS U RARHEVTR T SRR B AR AL R, X
LIRS EE N NA AR, e ilbRE I ZR . S on R bR HERI T AR W 1 B . nIfSH, S oo R AR E
LRERTEANOE R B KT 0,999, 7E LMV Fl Py ik R LA &

3.2. TR EYRENLER

X GSS-10 A1 GSS-27 Hfh L yEbsEY R T E4 e S 8N e, Hrh GSS-10 L 3EhrEY iR H 49
VAL TR, GSS-27 AR UEYD K OB b S5 R W 2. B2 2 BT 40, PR AL BRI E gk
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Table 1. Standard curve equation and correlation coefficient of each element

= 1 BREEHZAREMEXAR

TLER METT LA R R LM/ (mg- L)
As E =34686.05 C + 20.14 0.9993 0.10~3.20
Cd E =5357.35C + 35.37 0.9992 0.10~3.20
Cr E = 47526.02 C + 36.55 0.9995 0.10~3.20
Hg E =57251.37 C + 30.36 0.9997 0.10~3.20
Pb E =51785.15C + 35.16 0.9996 0.10~3.20
Se E =42573.47 C + 42.26 0.9991 0.10~3.20

Table 2. Determination results of heavy metals in soil reference materials of GSS-10 and GSS-27 (mg/Kg)
Fz 2. GSS-10 #0 GSS-27 LIFFMEVIRESE & EMELER (My/Kg)

PR A As G Cd & & Cr&a Hg & & Pb & & Se H &
e E 7.902 0.102 57.030 0.037 23.021 0.251
(GSS-10

PrAEE 8.900 £ 0.900 0.105 £ 0.013 58.000 + 2.000 0.033+£0.004  22.000 £ 2.000 0.210 £ 0.020

51 12.703 0.582 95.024 0.125 42.031 0.292
GSS-27
FRMEME  13.300+1.100 0590 £0.040  92.000+4.000 0.116+0.012  41.000 +£2.000  0.290 + 0.040

3.3. BEBEIE

B —FRIRE S 20 P A TS R AN T b3, P ICP-OES & EEMIE 5%, HEFSIFY
{EFAST AR HE R ZE , 25 3R W38 3. g5 040, EVEMERIAHXT bR UEIR ZETE 2.2%~7.4%2 7], $5)/NT 10%:;
PO T R AR AR R 2 4E 1.3%~4.8% 2 18], Y3/8T 5%, PRI JTVEACERE S BT RSD /8T 10%, 35
T E RS EER, R A R VR R 3T .

Table 3. Experimental results of sample precision (n = 5)
=3 HRBEEIRERN=5)

PR ey As & Cd && Crée Hg & & Pb & Se e
FH4){E (mg/Kg) 9.0 0.4 785 0.7 26.8 0.4
LIS
RSD (%) 74 2.2 42 5.2 37 6.5
SFHE (mg/Kg) 95 0.4 79.9 0.7 27.4 0.4
TR it
RSD (%) 46 2.6 38 1.3 2.5 48

3.4. HEMELER

K F A s AR I P AL B R B T IR X 6 AN IERE S i) 6 FhEE BRI & &, AR
E 3 UIRBCTFIME, SR 4. SERATHI, 6 FhE &R & B ARE M ZRIAE 7.2% A, RYIPif
D58 T3 1080 ARG B AT I BER, S5RATRE . Al AAC BRI S N E 25 R, 6 AR S = AT
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KPR HERZE (L 2.3%~7.2%2 [A]; SR A AL BE AORE Sl E 45 SRR B, 6 P e < J & B AR AH S A i 22
£ 2.1%~4.6%2 1], FELATTEMEENE S5 R, WoBl DI E 2 RS S s vy, B T (s

Table 4. Determination results of heavy metals in soil

4 HRPHNESRSENEER

B As F it Cd & & Cr &k Hg & & Pb & Se ¥k

e AHT i el AHT el AR W A el AFT i MEf AR

(mg/Kg) #(%) (mg/Kg) 22(%) (mg/Kg) (%)  (mg/Kg) #2(%) (mg/Kg) 2(%) (mg/Kg) #2(%)
1# 16.7/16.2 2.1/1.7 2.8/2.9 2.7/1.5 1115/1033 6.3/2.4 0.7/0.7 23/1.4  21.8/226  26/15 5.7/5.5 2.6/1.6
2# 12.0/12.1 2.3/1.3 3.6/3.4 2.4/1.8 167.0/156.6 45/3.1 0.2/0.3 46/21  29.9/295  32/2.8 5.3/5.4 2.5/1.7
3t 13.8/12.5 7.23.1 0.3/0.6 6.7/3.1 57.8/55.4 3.4/2.9 0.8/0.7 4223 191206  2.7/2.8 0.2/0.3 2.3/1.5
4 10.6/10.3 3.1/3.3 0.2/0.3 2.6/1.7 75.2/76.5 2.4/1.5 0.2/0.2 23/15  23.1/245  29/3.6 0.9/1.0 31721
5# 7.417.6 2.3/11.4 0.9/0.9 2.1/1.6 69.2/66.6 2.3/1.5 0.9/0.9 22/1.7 205208  26/1.6 2.32.3 2.412.0
64 7.8/7.6 25/1.4 0.6/0.7 2.9/1.7 54.6/50.2 2.3/11.4 1.1/1.1 24/15 212218 2517 1.2/1.5 3.6/2.5

E: ABRIR: A NSRRI S RE 45 R, B R A A B R S T e 45 2R

3.5. TR AR LS4

ARSHA T VP A RSB ARSI 5, WG A AR AV R BB AT R E, i
PERCALHORE R T B AR RGN AU AR, BONH I, SCBBAAE, %A RBIE, R
I, RS RS REOR, PR ST, BRI, W TR, RARLS
S HRE R RIS . MO OO AR, MRS, TR BRI, Z A,
REfLIRIE, (e IRs FOORINAR, WARR AT, S50, FERAIIRG, RERS RI0RE N,
BERARA, BRI, Wb TORBETG 4 AT KL R ERE G . RE G4 B He R
Lo A0 EMIFAE T, BRI (0 B S ARRCR e, P B M FURE B SEPRIRE RS
PGSR AT, PR 45 R AT, ACHRRAEIR 2RI . i He AR, OB RIS (R R BT
WA T AR I 5 TR A
4. &g

G 1R FE A Y AR AN T A2 A T U R X 6 A 3ERE L, FE45 & ICP-OES & 48 v 11
6 Pl RIS, WIS AP R R EOR B, PR 5 VI E 1 E e % o AR A T 2R 2 A
REBIIRNT 0999, FELNMEHENLME KR REF, BABSRREREMUERE, SR 5. @i el
IR AR LU B, GBI AR B A T AR T TRV R PR AR T RIS . P i ulRl B S v, HLfRk
BB MRSAERERR L . RS8R . 1RAE IR 7 IR T AWk . AESEBRR A, r AR o A5 i 0 52
PRIl @R, e A IE A AR T AL BT B

E&mB
HIk N RS R AL B B (32514 5 18Y'YJIC0001).
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