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Table 1 The test conditions of instrument

fif 60 270 200 400 800 193. 7
3 30 270 200 550 800 253.7
it 100 270 200 400 800 196.0
B 80 270 200 400 800 217.6
A 60 270 200 400 800 306. 8

I ZEAFRACTEI . 1.0 pg « LTV AORE L A6 B0 A0 BEAT #E
WEWEL 0. 10 pg » L' SRARMES . B)™ A 100 2245 5618
JEE R W AR B A L SR L B AL, B IE YR
R AT HLIL DL g AR R I SR AN VR A o ol %
IR
1.3 HmiE

WERIFREL 0.5 g R 2 0. 1 mg) 100 H R T &£ 5 F 50
mL PR L AE R, A 10 mL F K (1+1), inZE T K5
A 2 h, BAEPES) 3~4 k., TR H, Ak ERE
ZIRELR, BAIHE . WL WA . W A 2R T S B O
FRIBURE i e BE5 0RE 4 A [ 1 26 BR A7), o 4 2 R 07
RS ) o FF 5 T e R
L4 RXENE

(DR, & Al BUCE K+ KIS RIS 0 1 R E 3%
ML E . G SRR il S IGE R V. 20% FKk (1 +
D)W B Ji5 i JR 5 22 o) o il A ] 4305 43 A 4 1 000

(O, B BE—E &0 5.0 mL) KB MG H EiE
WE T 10. 0 mL ¥R ZIEE ., A L mL 82 . 1 mL ik
W, FBAUKER B2 L, RA . ZERE 30 min, 4
FIRAET 15 CIF. 8T 30 CKIE - 20 min, SR J5 %
TR 2 il s o offy 2 A0 RTS8 20 BT 2 R0

2 #ZR51HE

2.1 HRRERERAEIEE
TEM A AT AR S B RO R . R EE I A8

R BE PR — MR . — kUl R 5% HCI
A Ay 207 R BE B R il JE 4% 0 3R B A . 3 ) 0 2 SR
e, SEE R, AR D 100, AR ALK B
0. 5060, AT LA a0 L TR, WL SR B A I A o i X
SRICE TN 3 7] 35 24 IG5 vk B LA 32 7 AN 3 R 8
BE o B 1 g AN T e BE O B0 Ak B0 A O BB DR, A [ RS
FAFT . bR Gl @ P AR IOLIREE A 1,00 pg L
4 R AR AE VIR (T b) 77 A= 1 2 X 5¢ ' 1R QbR o =8 11 )5
M9 GIREE) . NI L AT LU o Bl 0 0 f0 B v 1 s
SRARUE RS 1 IR B I A B B AL 5 1 1. 00 pg « LR
VYR 11 245 0T 2 D' ek FE D) I T P A 9 B /N T R Y
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Fig. 1 Effect of different concentrations of
KBH, on determination of mercury

a: Mercury standard blank; 6: 1. 00 pg « L™! Mercury solution
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Table 2 Drawing of the calibration curve

e Rl (L pg e L1 R A T Ji 511 eIy PSS %
il 0.00 1.00 2.00 5.00 10.0 20.0 10% HCI 10 Y0 Bt IR 75 T y=105. 9x+54. 8 0.999 6
& 0.00 0.10 0.20 0.50 1.00 2.00 20% Ek(+1) / y=0928. 62+22. 2 0.999 7
i 0.00 0.50 1.00 2.00 5.00 10.0 20% FE KA+ / y=181.1x+52. 4 0.999 9
A 0.00 0.50 1.00 2.00 5.00 10.0 20% EK+1D) / y=192. 22+80. 7 0.999 8
B 0.00 1.00 2.00 5.00 10.0 20.0 10% HCI 10 Y0 Bt IR ¥ 7 y=288.6x—97.3 0.999 5
W . BHUR AR E RSB B . WL B RO AR v R A AT LS —
x3 FWHHBAXWERELLE(n=06)
Table 3 Comparison of the accuracy and precision of two digestion systems (n=6)
GSS-13 GSS-16 GSD-8a GSD-5a
AR 22/ % RSD/ % AR 22/ % RSD/ % HXT R 22/ % RSD/ % HXT R 22/ % RSD/ %
IKB-As 3.1 1.8 —3.3 1.8 —1.0 2.3 4.5 5.7
- As 5.6 1.8 —1.3 3.4 2.3 5.1 —0.7 2.2
Kits-He —1.5 6.9 15 7.7 —3.9 7.0 2.5 5.5
o -Heg 22 13 33 3.1 —11 11 31 4.1
JK-Se —20 1.6 —20 1.0 —13 5.5 —7.8 2.0
W -Se —11 2.2 —12 4.1 —18 2.2 —1.8 2.3
K ¥#-Sh —6.1 7.0 3.4 6.1 —13 6.5 —2.7 10
W -Sb 18 25 —29 9.8 —10 21 2.2 9.5
K- Bi 2.2 5.5 7.0 0.8 4.3 6.2 3.9 4.0
WO -Bi 8.3 1.7 17 1.5 7.5 3.8 12 13
MK 3 AT LAE L 2R B 7200 06 35 kI 2 + 3 R T AR 2.4 FREJE A3 E £ A AR 4 A A B2 M

Prepf . R LR BN B, K Y I AR I R DRI T A 9 E
Aot B L (0 T 5 2 R Af BE 5 0 0 A 19 AR XS R 2 MUAH X AR
O 22 #RTE 1000 AP 5 AR X T Bl 0 A 05+ /KO T AR TR 1
SV RO 0 R T . LR o O A R A T B B TR R
B . RE AR MR R A A

K/ SR T 9 e L I E A TIR Y h Se 5 5 #7178
LR AMARAO I DL o A SCHRL9 JHRZE » Se(VD) S8 & A5 il S AL B
SR+ WO S Se B A A 19 BF 10 26 ~ 20 00 #h FR
B HR- BT ML R BE AT PUE S, BIDRE Se (VD 3B IR Se (V) o 4%
TRV 4 PR, MR S,

x4 TAARBRANEA
Table 4 Presentations of the different procedures

% T f 1 3R et e LIE LT
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tn/\lo%W/V)?MMﬁ e i b il
@ FARA+FD PR B Sk TR W e
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WS ATLAE W . 54D ECOr £ O AL, 78T i i
Ik B O 2 @75 % @) B B M £ Kk OF R O) 254k
558, H e 25 SRR TOAT AT 43+ 3 U B A T 3k T e Y
R N IZ L A Se (VD I8 JFUAL Se IV ) 5 10 78 W fif W h &
HNBRE R PO ML R Or R Q) - = Fh AL gL Se B9 5E &5

AR ARAR 2 3 Ud W 7E I % 98 o 8 R 3R 1t B A )
BRI R 5 KT BE R DN O BV B A — R I B, RERE S BT
T AR Y TR] ) O R AT B 5, T 5 IR TG AL R AR
s SRECI SRR AR . PR AR SR R R I 5 vk S A B
AN YUY A e A R B — s 5

R5 TRAARMNELEMARYPAE 0 (n=06)(FAfL: mg- kg™ ')
Table 5 Effects of different programmes to detect selenium in soil and sediments (n=6) (unit: mg « kg~')
ED HED HED HED HEOG

FHy o MEXFR S RSD O SR¥y MXFER RSD O SR¥ MXFER RSD O FX MAXER RSD EHy HAXFR RSD

fE =Z/% /% B /% /% & =/% /% 21 E/% /% fE /% /%

GSD-8a 0. 104 —26 3.5 / / / 0. 042 —70 3.0 0.086 —38 4.2 0.105 —25 1.0
GSD-5a 0. 340 —8 1.6 0. 340 —8.2 0.8 / / / 0.323 —13 0.9 0. 351 —5.2 0.8
GSS-13 0.128 —20 3.4 / / / 0. 045 —72 16.6 0.114 —29 2.1 0.130 —19 1.3
GSS-16 0.415 —19 1.5 / / / 0.108 —79 19.5 0.392 —23 1.2 0.422 —17 1.2

2.5 [EEFELLEAFXIRE BN

AR T RICR A 5 7 SR IR R AR
N AR 5 e Y i SR T T A A R O TR R TE R R LAY
JRA . A PR T A AR AN R AL B 7 S X IROH T AL
BT Y LE (0 I A 3/ DU R B9 LE (0 TRV R s U T
Wl - A 100 HNO, i i 24 b, B A koK oh vk . 7

FABAiKIAYE, TR &R IS MR, KK AT T 4. O
A 10 mL ERKA+DFHVE. FIA 50 mL BEZIEES, &
AN OMA 10 mL TARAQ+HDMMEDR 2 h J58H, #
AUKER . FEAE 50 mL MR ZE S PN OZ Q4 E
M EL A . AR B OR K FEB 4l K 28 Ja » A 10 mL F /K
A+DmAER 2 h J5RH, ERERM, MEsR k6,

F6 FRLEAXLEBEFRNEXBBER(BAM: pg- L")

Table 6 The mercury residues by different treatments the color tubes(unit: pg+ L™")

1 % 2 % 3 % FE % 6 T E %9
@ 0.022 0.019 0.022 0.028 0.017 0.032 0. 039 0.021 0.047
® 0. 036 0.018 0. 080 0. 040 0.162 0.113 0. 060 0.123 0. 141
® 0 0 0 0.003 0 0. 004 0 0 0.009
10 11 12 13 14 15 16 17 %18
@ 0.019 0.054 0.014 0.015 0. 009 0.071 0.014 0.011 0.016
@) 0. 031 0.058 0.035 0. 054 0. 030 0. 086 0. 061 0.011 0.006
® 0 0 0.003 0 0. 009 0 0. 001 0 0

M6 TR, s E kOB )G & A 5@ s
R R &, X R UIE FI IR I 7 107 A BB 58 42 0 B R 19
BRI, WAEEITEQAI)E ., EE R E MR & &
TR, XRWI LR AL P Y L B, R K&
5. BRE SR TE G A Xt AN HE A R SR T OK I T AR L
/R ytoR R aR iy s gl SRR aggdr
HOMME, EFETORMREEERKA, R KERERN
0.009 pg« L1, WARTZ Iy ik R (I 2. 6 #43) . X R
WEEZREKERLHETSHRRWKE . JFeTES,
ZOK IR TH R I B L 04 B4 K B W A R B R 2P
= H A O
2.6 1 H R ME TR

i HEARE T 20 BT 25 SR RIS I 4% 1 %o A R T 28 AR S
BRI AT 00 CEAT 7 00 o MRS 7 Yl 2 25 2R 09 45 iR 22 S
M 3. 14 A5 ks B, IR DL 4 A5 AR BRAE S O EE
WE TR, S2maR0], HHURER N 0.500 0 g, BB 50
mL, FIKAK W I F- T 1 5EO0 00 3% k0 e+ R TR Y

il SR M. 86 AN BE 1Y 7 Ik B BR 4 B A 0,008, 0.002,
0. 002, 0.005 1 0. 003 mg kg’1 , M R4y 5k 0,032,
0. 008, 0.008, 0.020 Fl 0.012 mg » kg™', A FEHHITE
(BRI 1Y J5 A6t BRI T 30 A B0 55 0 37 EC LS ANUT
Yy SR, B, L B BRI E B R/ R 98 ok ik (HI
680—2013) )17, SR 1 J7 35 K BR 5 B ofE HI 680—2013 A
Il

2.7 EWME

R KB - TR F 2Ot i i, W@ R A
TE AT fEBE 5 (GSS-13, GSS-16., GSD-8a I GSD-5a) Hfi . 7k .
W BN, EATINE 6 R (n="6). M5 P15 8 E 45 B3t
BT, ZE R R T,

M TR LUE . SR F K F K - R 98 ot i vk
W52 - AN GURL b L SR L W L RN B A R IR 22 Y L 4
Wl —3.3%~4.5%, —3.9%~15%, —20% ~—7.8%,
—13%%~3. 4% 2. 2% ~T7. 0% , HA BT 0 vE B
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Table 7 Precision results of elements in five standard certified samples (n=6) (unit: mg * kg™')
TE GSS13 GSS-16 GSD-8a GSD-5a
S A 10.9 17. 4 7.22 77. 4
As i M (B [ 10. 640. 8 1842 7.3+0.5 7444
AR/ % 3.1 —3.3 —1.0 1.5
S A 0.051 0.531 0.023 0. 297
Hg s (BT 0.052=0. 006 0.4640. 05 0. 0242+0. 005 0.2940.03
X iR 22/ % —1.5 15 —3.9 2.5
S 44 0.128 0. 407 0.122 0. 341
Se o {5 B 0.16-40. 02 0.5140.05 0.1440.02 0.3740. 04
AR 22/ % —20 —20 —13 —7.8
S 0. 808 1.76 0. 331 8. 66
Sh T o {0 0.8640.06 1.740.2 0.3840.05 8.940.7
AT IR 2/ % —6.1 3.4 —13 —2.7
R SLE 0.296 1. 54 0.188 3.12
Bi T o (L [ 0.2940.02 1.444+0. 11 0.1840. 02 3.040.2
X IR 22/ % 2.2 7.0 4.3 3.9

2.8 BEE

R FUARU T - I 9 66l ik . W E Rk A W A g
By LA PORY LR S 4R . FATIE 6 IK(n=
6) . AR FTAS I E S5 R B IR RO L, AR 8.

R8 ITEMARYPFELTEHNHEZEENRXEIE (n=6) (B
{iL: mg- kg™
Table 8 Accuracy results of elements in soil/sediment samples

(n=6) (unit: mg *+ kg™")

INF 8 AT LUFE . SR ZK IR KT8 i )i 2¢ 6 6 1% ks I
FE - IERGIR Y T PR RE S Al SR L AN B N B 08 A X R o
MZEJLE 43R 3.6% ~7.3%, 2.8% ~9.0%, 1.8% ~
10%, 2.5% ~11% M 1.3% ~5.5%, ELAKE SR, W
SRR W B

34 it

FESL T K QLA 1) AR i 1 - JR T 9¢ 06 ' 35 i ) 58 4
MO hap . ok A, SRR . D04 T Ak BE DT SR S5
FA . BB BT PR L B YTBY ok 0 B 1Y A LA
B ARV R DY oK T S A R T L R AL
T (AL T IR AT AN B Y BE AR I R AR SCHETE 9 K I -
TOOWEEE R AL B B, TR A, & R,
K FRAR S5 O s 1 00 A8 2 /00 BR 4 A A 0 52 B A
G 5 B A A RS RE W R PR M R T e T
155 A M 4 R A S B AR, O B AR AT AT R
B v B 3T S B AR S

¥&, T 1. Rock and Mineral AnalysisCE#7M3) ., 2015, 34(5): 533.

LI Yan, CHENG Yong-yi, CHEN Ke-ya, et al(Z%  #i, Btk %, Al HE. %) . Journal of Southwest University *« Natural Science Edition

YANG Xiao-hong, ZHANG Yu-xia, WANG Yan, et al(# %41, ki, £ M. ). Environmental Science Survey (B Fl 2= S T]) .

LIN Hai-lan, LI Zhi-huang, ZHU Ri-long, et al ($k#F 2%, B, K H B, 25). Spectroscopy and Spectral Anlysis(OGRE: 5 G1E 40 H7) &

+ 4 + 4% T VLR
i1 REB2 REEL R
As S 238 5.97 47.3 18.2
® RSD/% 3.6 3.6 3.6 7.3
e P 0.213 0. 081 0. 242 0. 201
& RSD/% 2.8 6.5 9.0 4.0
S (Y 22.2 0.215 0.56 0.717
> RSD/% 1.8 10 4.9 2.3
g, T 11.2 0.417 8. 04 3.30
RSD/ % 2.5 5.2 11 7.7
PR 19.6 0. 391 4.07 0.519
1
RSD/ % 5.5 1.5 1.3 3.3
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Determination of Arsenic, Mercury, Selenium, Antimony and Bismuth in
Soil and Sediments by Water Bath Digestion-Atomic Fluorescence
Spectrometry

LIN Hai-lan' *, ZHU Ri-long'* , YU Lei*, CHENG Yong-xia®, ZHU Rui-rui’, LIU Pei*, REN Zhan-hong®

1. College of Chemistry and Chemical Engineering, Hunan University, Changsha 410082, China

2. Hunan Ecological and Province Environmental Monitoring Center, State Environmental Protection Key Laboratory of Monito-
ring for Heavy Metal Pollutants, Changsha 410019, China

3. Jiyuan Environmental Monitoring Station, Key Laboratory for Monitoring and Remediation of Heavy Metal Polluted Soils of

Henan Province, Jiyuan 454650, China

Abstract A method for determination of the contents of As, Hg., Se, Sb and Bi in soils and sediments by atomic fluorescence
spectrophotometry (AFS) was established by using aqua regia as the dissolved medium. The sample placed in a 50 mL glass col-
orimetric tube was dissolved with 10 mL aqua regia (1+1). then put the colorimetric tube in a boiling water bath and heated it
2 h, and then removed the colorimetric tube to cool, and then fixed with ultra-pure water and shaken to be tested. Compared
with the expensive equipment and the low safety (high temperature and high pressure) of microwave digestion, the water bath
digestion method has the advantages of simple equipment, easy operation and high repeatability. Considering that the content of
mercury, selenium and bismuth in actual samples is relatively low, the sample after water bath digestion can directly be tested
did not pretreat with any more acid or other reagent. The reducing agent (KBH,) is another factor that affects sensitivity. Un-
der the same instrumentation conditions, experiments have shown that the fluorescence intensity for As, Se, Sb and Bi increased
first and then decreased as the concentration of KBH4 increased, while the fluorescence intensity for Hg increases as the concen-
tration of KBH, decreases. In this study, when the concentration of KBH, is 0. 1%, it can get good sensitivity to detect Hg. In
order to verify the reliability of the method, the effects of different pre-reducing agents to detect Se in soil and sediments were
compared. The data showed that the amount of hydrochloric acid used in the digestion was sufficient to reduce Se(V[) to Se
(IV), and it is not necessary to add hydrochloric acid or thiourea, but it makes the results much lower when the thiourea added
into the sample. Under the optimal experimental conditions, the detection limit (LOD) found were 0. 008 mg kg ' (for As),
0.002 mg « kg ' (for Hg and Se), 0. 005 mg * kg ' (for Sb) and 0. 003 mg « kg~ ' (for Bi) (sample quantity 0. 500 0 g, sample
volume 50 mL), and the limit of quantitation (LOQ) found were 0. 032 mg « kg ' (for As), 0. 008 mg * kg ' (for Hg and Se) ,
0.020 mg « kg ' (for Sb) and 0. 012 mg * kg ' (for Bi). The relative error ranges for the determination of As, Hg, Se, Sb and
Bi in soil/sediment standard samples were —3.3% ~4.5%, —3.9% ~15.4%, —20.2% ~7.8%, —13.0% ~3.4% and 2. 2%
~7.0%, respectively. The relative standard deviation range for the determination of actual samples was 0.4 % ~10.3%. The
method has the advantages of simplicity of operation, no need for transfer of containers, high accessibility, low detection limits,

high precision and accuracy. The method also can satisfy the analysis requirement of environmental monitoring.
Keywords Water bath digestion; Atomic fluorescence spectrometry; Soil and sediments; As/Hg/ Se/Sb/Bi
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