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Determination of mercury and arsenic content in soil by microwave digestion -
atomic fluorescence method

CHEN Hai-Xia

(Guangzhou Jianyan Engineering Testing Service Co., Ltd., Guangzhou 510663, China)

ABSTRACT: Objective To study the determination of mercury and arsenic content in soil by microwave digestion/atomic
fluorescence method. Methods In this study, microwave digestion was used as the pretreatment, by optimizing the digestion
temperature, digestion solution dosage and other parameters, digested with aqua regia (a mixture of hydrochloric acid and
nitric acid), and the contents of mercury and arsenic in the samples were determined by atomic fluorescence. Results The
results showed that the correlation coefficients of the standard curves of mercury and arsenic were 0.9996 and 0.9999, and
the detection limits of the method were 0.0011 mg/kg and 0.0096 mg/kg, respectively. The relative standard deviation of
parallel experiments was 1.3%~8.7%, all of which were within 10%. The recoveries were 91.2%~117.4% and 86.0%~98.0%,
respectively. The measured values of the certified reference materials are all within the theoretical range. Conclusion By

optimizing digestion temperature, digestion solution dosage and other parameters, the method is accurate, simple, reliable and

has good practicability.
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Table I Instrument setup parameters
TLRAFR R fif
JT LI (mA) 30 60
Hm (V) 300 300
JEFAL 4 (nm) 10 10
#H i & (mL/min) 400 400
Btie it (mL/min) 1000 900
RAFEP (nm) 253.7 193.7
TEEINR] (s) 10 10
FERFR] (s) 1 1
2 GEN VTR AR W TR AR

1.2

TK: 6 mL HeERAR +2 mL WeRNER (T /KRR IR AN MR iR
2 3 0 1A BRI A T AT )

TRIRFIHCIR M PRI A . AR . Pk imme 10 g, M
100 mL A7k fiE, 1HA.

WIFH A FRIC0.5 g SUEALERE T 100 mL 2liK, fFoe4
VSRR E FEIMARREF 1) 1.0 g AR, BEdsai, MHmCH, H
TSR

HJFF B: FREL 0.5 g A ALHIE T 100 mL ZliK, fF584
VSR E FEIMARREF 1 2.0 g AR, BEdlai, MHmCH, H
T e,

. FPEL 25 mL FhFR LKA 2 500 mL.

RBMEER . DRI EE 100 mg/L, #t5 102919,

BRI SR E 1000mg/L, #E5 103019, ik
FIRAE A R ILZE 2,

Ll $2%
2
Table 2 Reagent specifications and manufacturers
HFR FAE AL TR
iR GR [ 25 SR b 2R A PR A
fi GR [ 2 LA b 2R A B A
R GR JEAL UL
ik AR JHETTRE RR AL 1070 PR A
BRI ER AR PREN PN Sm il
ek GR KHETRF R AL 212U R
RIS TR B i IR IERE S FE T
BRI R B 5 IBEARUERE S W IE T
1.3
13.1 #eearaiE

(1) FRBOXA I Had 0f fFE R 0.2000 ¢ B AT fREET, fnb
ALK, FEMXE A, JEinA 6 mL kIR, FEZINA
2 mL WelmR, WRGIA], (RIS S IE R T . SR
AR THEAR P TR AR, THRES IR A,

(2) ¥ BB /N B A 50 mL 20 1, IR e et
PEIE e AT U, R RIS, PSR DR T A RE
BTV AT B, 55 HAKER Bk, 1R
PRI BRI IR T2 iR .

1.3.2 Régimlz

(1) RMBRAEMMZIREE: WA 74 50 mL &), 2518
B2 0.00. 0.50. 1.00, 2.00, 3.00. 4.00. 5.00 mL FRFRAE
eI 10.0 pg/L, %R RHE 43124 0.00,0.10.,0.20.,0.40.0.60
0.80. 1.00 pg/L; A 2.5 mL ¥EhiR, FHAKE R 2Rk, 1R,

(2) 23 B % J iR 10.0 mL F 50 mL 240, 2218 m
A 2.5 mL ¥R, 185, FWBCE 30 min, FHLIKER EIRL,
Re 9,

133 ApEym R

(D) bR e i M4 74> 50 mL 5 @0, 2508
B 0.00, 0.50, 1.00, 2.00, 3.00, 4.00. 5.00 mL BxiESE FHR
eI 100.0 pg/L, R AR 43502 0.00. 1.00, 2.00. 4.00.,
6.00, 8.00, 10.0 pg/L; JEhnA 5.0 mL iEREZ, FEAMA 10.0 mL
BRMRFIHTIR MRIR A9, TRAT. FEIEALE 30 min, HZIKER
Ehrgk, WA,

(2) 23BN % J5 iR 10.0 mL T 50 mL 20, 28180
A 5.0 mL YeERIR , FHANA 10.0 mL BRIRFIHTIR MR IR S0 L 1R 2
ZFIRACE 30 min, F4KEREIRZ, R

2

2.1

AT FE X 3 AL A B Ry (TH B8  6 mL, 1 B (W)
30 min, HUREER 0.2 g) MOSEM, B 12T MR T 11
GSS-27 R Al B 25 5 . FTLIE Y, 3 AR RITH MR N AYoK |
T (I bR (TS R P, AR R, 45 A RedE, RO
VR T IR L

OB 1 FHEATE S min, 7EHEE 100°C {145 2 min; 5K
2 FHRIHA] 5 min, TEIRE 150°C 4£4F 3 min; 58 3 FHE R ]



111 WRIEES . T T R — R P28 3 bR 23
5min, TEHJE 180°C {445 25 min, FHARE (y=bx+a) FIFCREL (r) -

QB 1 FHRAFE] S min, 7EIEE 110°C {55 2 min; 5 Hg: y=880.1045x+23.7155, r=0.9996 (1)
2 FHIRBTE] 5 min, 7EHREE 160°C {543 3 min; 238 3 TR H As: y=202.3194x+418.0131, r=0.9999 (2)

5min, FEHE 190°C {44} 25min.

QAT | THERE 5 min, 7EMEE 120°C f£4F 2 min; #HFE
2 FHEATE 5 min, 7ZEHRE 170°C 4445 3 min; #5F 3 THEM A
5min, FEHE 200°C {445 25 min.

T RS TR, ORI R BT RT 0.999, T 2l
EDR
24

B R TTIE A TR HTAL B, ] #AR R 11 6328 AR,

0128 * ek VAU T 2 Tl TR 1R ZS I REE, 533
018 ) PR BRI 2 T SRR 2E A 0.00039%, bR
5 %22 P 29 0.00349%, DIFREE 0.2000 g i1, THEZE RAS 1R AG HHBR
-~ .
2o 0.0011 mgke, Wi I 00043 mgkg; Mt HE 00096 meke,
2 011 IE TR 0.0386 me/kg. 145 R AT LA SR A ) BRI E 1t
T 0112 N
0.11 JE HJ 680—2013 Fg3EsR
0.108 P
0.106 25
Y e T HASEARIEYITR GSS—a. GSS-8a A AARIs] - 1R (D
il FERN D), HAR I A AT RE SR AL S e R i, TE SRS A
o . PFF, SEATIGE 6 YA I HIRE i ARV O 22 i 26 3 T,
e SR IR AT B v i 22 505 2.4%~8.7% FlT 1.3%~5.0%, HA
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Fig.1 Effect of different digestion temperatures on mercury and 0108 ¢
arsenic results ol 0 2 4 6 8 10 12 14 16
2.2 TH AR /mL
e g 7 S g . o i
AW FEX T8 AW AT TR X R GSS-27 A 142 .
AREFREK 32 1) #FTIWEE, Z35mA 6. 10, 15mL, W 14
o o . - 138
i 2.1 PR A AR Y . 13 GSS-27 £ R R (WLl 2), 5K . 136 .
TG BRI A2 Sl R A AE AR R G R N - g’ 13.4
S AR AR TR B PE R, 7 1R AR A 1 z ™
T, XEIEGE L KRR RS R A TR 12.8 .
2.3 126 0 2 4 6 8 10 12 14 16
2 1.3.2 F1 1.3.3 Fl 4 A RIHE bR mE RS, 1538 1 S E THAHEIRFA /L
(=] SH 43 2= N — | = Y - Y B N 2
AT, DORRIITE & RS, DITEOGIRE N . . _— .
BRI . ] o y Fig.2 Effect of different digestion volumes on mercury and arsenic
bR, SRERJCER MRS 59CE BRI RIFHLMCR, BRI results
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Table 3  Precision result table
A . AU (i (mg/kg) . FEX bt i 2
THi =il =] S NG
i e 1 ) ; 4 ; o Plmgke) BREHZES o,
GSS—4a 0.073 0.073 0.070 0.069 0.071 0.070 0.071 0.0017 2.4
» GSS-8a 0.023 0.025 0.024 0.026 0.025 0.023 0.024 0.0012 5.0
b GO 0.098 0.082 0.092 0.078 0.082 0.093 0.084 0.012 8.7
GET®) 0.440 0.406 0.388 0.413 0.410 0.388 0.408 0.018 43
GSS-4a 9.1 9.1 9.4 9.8 9.7 9.2 9.4 0.31 33
GSS-8a 13.0 13.7 13.6 12,5 12.8 12.0 13.0 0.65 5.0
i .
PO 8.01 7.88 8.01 8.74 8.74 8.50 8.31 0.36 43
FEALD 54.1 53.9 53.9 53.0 53.6 52.1 53.4 0.69 1.3
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(1) mbrEhfe

WA SRR ST nbR, He S ge ik A TR S A
AEFRFNNAE . X IARIE FIRE A AT 6 Yl , sy BlihER .
AR [ R

TRFEHH S 0.503 mg/kg, ARtk 0.5 mg/kg, 6 KMNE
fH4354 1.01, 1.08, 0.959, 0.968, 1.05. 1.09 mg/kg, hnkrlHl
WG FEITE 91.2%~117.4%

FRERIR N 10.5 mg/kg, fibrEN 10.0 mgkg, 6 WlE

4

B0 203, 19.4, 202, 20.0, 19.3, 19.1 mg/kg, AARENL
RIGETE 86.0%~98.0%.

() A UEbR ey AR

I 4 HE AR e W) B ERM-S-510204. GSS—27. GSS-77, %
SO G T I A TR S B R AL A G L B RR v TR 0
SE 6 UK, AR, MR X R 2, AR A A bR vE £
FEMR, R BRI R 22 -9.4%~9.5%, (1 A AKX 2%
N -3.7%~8.3%, HIIAEA UERR Y AR AS B 2 R T Rl Py &,
R ILK 4,

Table 4 Reference material result table

AU E H (mg/kg)

HIX 25 RE

i H eSS SEHI{E (mg/kg) %) B (mg/kg)
1 2 3 4 5 6
ERM-S-510204 0.220 0.211 0.183 0.187 0.208 0.189 0.200 -9.4~8.9 0.202+0.021
xK GSS-27 0.110 0.114 0.123 0.121 0.111 0.127 0.118 -5.2~9.5 0.116+£0.012
GSS-77 0.103 0.099 0.102 0.098 0.098 0.096 0.099 -3.0~4.0 0.099+0.005
ERM-S-510204 82.5 86.6 84.3 85.3 91.7 81.6 85.3 -3.7~8.3 84.7£12.4
i GSS-27 13.1 13.4 13.9 12.9 13.0 13.7 13.3 -3.0~4.5 13.3+1.1
GSS-77 8.4 8.1 8.1 7.8 8.0 7.8 8.0 -2.5~5.0 8.1£0.3

H1 R AR [l A UEAR HER BAE R T L, %05k 5E
AT LA A HTEDR , a5 nTEE

3

T PR EE R R RSO A LN R, A WP R W48 il
JEE TR R A T AL ], (R Rl R R RERE, (EIAE LAY
HIRCRI AT, I BEBARRERE MR . AT AL IR
PO FREFERAR, ATAE N F AL .

L AR A S 8], THARRAN S 2 B0T5 0, ik T IE
JCR IR, RIS A RR I SO AR I 52 i) A%, UL 6 mL
K3 1) AT IR A PR B 10T AR ) RO
THABRERFR AR A b R, AR I, 7 AR SE B8 IR
g B2 PHERIFIRS (PR UG Qe e, e H]
59T EARMEREER) EAKRRR, A 6 mL FK (3 1) 1 f#
BT

SR RGBT e A A BT QNN 3 rpoie . Al &, RSOy
KBRS L b [T A3 2 2R 3% B A B - ARG I ) 25K
IR AR A BB R SRTE TN, AR TR I Y
WEETG Y AR R TESC R, ARG R T B
HrxdREah TAC B R A EOR, 4R T 2 X AR K- il
A A UEAR R SRS, 1207 1% BB 1 A2 PR AL AE i
AR AFFEEE R Lok | B A EE 2 U 2R 9 S 1t
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A BAL BT 5 rP E AR BN 2 ORI, 3 B R I A
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