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Fig. 1  Comparison of the measured values and the recommen —
ded values of selenium in the geological samples after
using microwave digestion — TCF separation and

enrichment
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Table 2 Analytical results of selenium content in organic — rich geological samples pretreated by different processing systems
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MA -5 L fa T 33.2 27.14 £0.16 81.7 031137
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Table 3 Analytical results of selenium content in sulfide samples pretreated by different processing systems

A FRR R e . TCF Fi& L iez) TG E(E (n=2) il e fig 2% iS4 [ g 5
(3T EIR= FE R
el (g) (pg/g) (ng/g) (%) (%)
GBWO07237 A 2.3+0.6 2.05 +0.04 89.1
N 0.15 89.6 +0.43
GBW07237 B 2.3+0.6 2.07 £0.04 90.0
GBW07270 NEEs 3 2.73 £0.03 91.0
o 0.15 89.2 +1.83
GBW07270 al=20n 3 2.62 £0.03 87.3
MA -1 ALY 39.3 29.23 +0.05 74.4
S-1 " 0.15 73.9 £0. 47
MA -1 Y 39.3 28.86 +0.04 73.4
MA -2 LB o 15 27.6 23.94 £0.07 86.7 462 +0.58
MA -2 St ALY : 27.6 23.62 +0.07 85.6 el
MA -3 FEFHT- o 1s 0.78 0.65 +0.01 83.3 §0.8 1256
.
MA -3 MR ’ 0.78 0.61 £0.02 78.2 e
GBW07237 =2 0.2 2.3+0.6 2.37 £0.05 103.0 1033 20,22
GBW07237 B A ' 2.3+0.6 2.38 £0.01 103.5 2D
GBW07270 aE=20n 0.2 3 3.11 £0.01 103.7 992 +4.50
.
GBW07270 al=20m ’ 3 2.84 £0.03 94.7 T
- MA -1 LB 0.2 39.3 38.35 £0.02 97.6 o7 410,18
- MA -1 L ERALY : 39.3 38.21 £ 0. 04 97.2 SED
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" 0.20 103.4 £1.23
MA -2 AT 27.6 28.21 +0.08 102.2
MA -3 AR 0.2 0.78 0.73 £0.01 93.6 0551102
MA -3 WS : 0.78 0.76 +0.03 97.4 ol
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Fig.3  Color phenomenon of TCF in different systems

&, 8 TCF o K4 Fnom JC % B O K
Se(IV) "1 M ,myer =0.2g BF(S =2 41) , TCF
KAz €8 ([ 3b) , AL P e b R R KT 95. 5% =
1.92% , i DR AR 4l A0 5 7 04 B A
B ASEITER X HG — AFS U ™ AR i TR

MAZE R WoR Wy MR (£ 3),8 -2 4
(myer =0.2g) >S =1 (mye =0.15g) , H S -2 21
PR A0 0 RS2 I A it P S 0 1 5 B A0 — 3K
(B 1.3 3) , RUGEH N TCF fy ok ik 2] 750 1]
WCRIEATAT I, BCE £ S - 2 41 4b #1574, 0. 20g
(1) TCF & 4553 B A W A i Pl () R5CR B f . )
-4, 136 B Sl 2o kA B i, DABR 1 TCF () 42 1y 1 F
SRR A A [ s SR T AT Y . g AT GE i TCF
A (21 8,) S W R AL A
2.4 bR P AR

R, 22 I s o V5 VRS 3 TCF (1% W2 oFE 0 2R
B, 76 (14 RS FAS BE S B 100% |, B0k A6 s o V5
AT T TCF & AR5, i AR (myee =0. 15g) ¢
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Table 5  Comparison of the measured values of selenium with

improved method (this work) and other studies
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HG — AFS 3007 v Bk v B 3t SO A o o 00 55 2 4 07
o AEARGENY TCF & 4 0 i b SORE it b A0 1) 7 3%
FERb L, BEXT R B S JEORE iy, R E A (OO 5,
Ui i TCF AE AR A HLT TP, 126 21 [l iR
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AR ER AT D TCF & 4R 7 Bl RHOCR 2
FHIE TN N JGHR 2 S T R SR B v A [ i R
JEELH

ASBISE A6 PRI T i Ak P ol v ) 3t R

Table 4  Recovery of selenium standard solution treated by different processing steps

o P il % ?ﬁﬁ?ﬁﬁ’@ﬁﬁﬂ ?ﬁﬁ@ﬁ’@%ﬁﬂ . TCF 4ifb)s i i g 5 TG 47 [l g
(ng) R E:ve < S W (1 E:v =1 P fE (ng) (%) (%)

B-1 0 VvV x vV 0 -

Bl B-2 0 vV x vV 0 - )
B-3 150 x x x 107.01 71.3

b2 B4 150 x x x 109.77 73.2 72.320.92
B-5 150 x x vV 112.89 75.3

B-3 B-6 150 x x vV 122.12 81.4 78.3+3.08
B -7 150 2 x 2 151.97 101.3

B4 B-8 150 vV x V 149.57 99.7 100.5 +0.80
B-9 150 x Vv 2 153.56 102.4

B=5 B-10 150 x vV vV 152.24 101.5 101.9+0.44
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Determination of Trace Selenium in High — Carbon and High - Sulfur
Geological Samples by Thiol Cotton Fiber Separation - Atomic
Fluorescence Spectrometry

MA Wan - ping' , WEN Han —jie’”* | YE Qin’ , ZHAO Yue® , YANG Ji — hua’
(1. School of Earth Sciences, East China University of Technology, Nanchang 330013, China;
2. College of Earth Sciences and Resources, Chang’ an University, Xi’an 710054, China;
3. College of Earth and Planetary Sciences, University of Chinese Academy of Sciences, Beijing 100049, China)

HIGHLIGHTS

(1) Microwave digestion was used to reduce the loss of selenium (a volatile element) and the experimental time.

(2) Thiol cotton fiber (TCF) was used to separate and purify selenium, reducing the interference of the complex
matrix.

(3) The improved method is suitable for geological samples containing organic matter or sulfides.

— 559 —



iy

4 G0 W

2021
http; // www. ykes. ac. cn F

Deliquescent sample

(2.5mol/L HCI) Boiling water bath

90°C 3min
Boiling
water bath Removing the TCF Centrifugal
| E— | — [—
90°C 30min 2mL HCI Supernatant
== Se(VI)-Se(IV) 2drops HNO, fluid
(5mol/L HCI) Thiol cotton
Separation and Desorption Hydride generation-atomic
Microwave digestion  Deliquescent sample  purification Se(IV) from TCF fluorescence spectrometer

ABSTRACT

BACKGROUND: Hydride generation — atomic fluorescence spectroscopy ( HG — AFS) is highly sensitive for the
determination of trace selenium in geological samples. However, the complex matrix increases the analysis
difficulty, especially owing to interference caused by organic carbon, complicated complexes, and coexisting ions in
samples rich in organic matter and sulfides. Therefore, sample pretreatment is important. The use of conventional
thiol cotton fiber (TCF) to enrich and separate selenium often leads to unstable recovery and premature saturation
of the TCF when dealing with samples rich in organic matter and sulfides.

OBJECTIVES: To establish a method suitable for the determination of trace selenium in geological samples rich in
organic matter and sulfides.

METHODS:: For samples rich in organic matter, a double TCF column (m., =0. 15¢) was used to carry out
adsorption twice. The recovery for high — sulfur geological samples could be increased either by increasing the
amount of TCEF (mq; <0.2g) or reducing the sample amount.

RESULTS: The measurement results for the reference materials and actual samples showed that the optimized
method satisfied the analysis requirements as selenium recoveries of >95.1% and >95.5% were achieved for the
organic — rich and sulfide samples, respectively. Microwave digestion can effectively avoid the loss of selenium
during digestion; the measured selenium content was consistent with that reported in the literature.
CONCLUSIONS: The improved method is suitable for geological samples rich in organic matter and sulfides,

which can be used to determine trace selenium (ng/g to pwg/g levels) in geological samples.

KEY WORDS:; high carbon and high sulfur geological samples; selenium; microwave digestion; thiol cotton fibre;

hydride generation — atomic fluorescence spectrometry
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