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Abstract 

A methodology based on coupling isocratic high-perfor-
mance liquid chromatography (HPLC) and inductively
coupled plasma mass spectrometry (ICP-MS) with opti-
mized collision/reaction cell conditions has been devel-
oped for the simultaneous analysis of organic and
inorganic selenium species in natural water samples.
Selenium concentrations found in total and speciation
analysis of a number of water samples showed good
agreement. Because HPLC-ICP-MS coupling is easily
automated, the method can be considered robust and
applicable to the routine monitoring of selenium species
in environmental and nutritional samples.

Introduction

Determination of Organic and Inorganic
Selenium Species Using HPLC-ICP-MS

Application  

Environmental
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Instrumentation

Table 1. Selected Selenium Compounds and Their Toxicity

Compound Formula Lethal dose–LD-50* Ref.

Dimethylselenide (–II) (CH3)2Se 1600 mg/kg (Int.) [2]

Hydrogen selenide (–II) H2Se 0.02 mg/L (Resp.) [3]

Trimethylselenonium (–II) (CH3)3Se+ 49 mg/kg (Int.) [3]

Selenocystine (–I) [HO2CCH(NH2)CH2Se]2 35.8 mg/kg (Or.) [4]

Selenomethionine (–II) CH3Se(CH2)2CH(NH2)CO2H 4.3 mg/kg (Int.) [3]

Selenite (+IV) SeO3
2– 3.5 mg/kg (Int.) [5]

Selenate (+VI) SeO4
2– 5.8 mg/kg (Int.) [5]

*Lethal doses obtained on mice or rats by intraperitoneal (Int.), oral (Or.), or respiratory (Resp.) absorption.

Table 2. Instrumental Parameters for Agilent 7500ce ORS 
ICP-MS

Parameter Value

RF power 1590 W

Ar plasma gas flow 15.0 L/min

Ar auxiliary gas flow 0.86 L/min

Ar nebulizer gas flow 1–1.1 L/min

Spray chamber temperature 2 °C

Integration time per isotope 400 ms
for speciation analysis

m/z ratio monitored 77 to 82

Integration time per isotope for 100 ms
elemental analysis

Polyatomic Interference Removal
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Experimental 

Table 3. Optimization of ORS Operating Conditions

Instrument Agilent 7500ce

Cell gases 5.5 mL/min H2

0.5 mL/min He*

Elemental Analysis
78Se 80Se

Detection limit (ng/L) 6 4
Repeatability (%) 2 2

HPLC Coupling
78Se 80Se

Detection limit (ng/L) 14–30 7–15
Repeatability (%) 2 2

*Addition of He is optional. Similar detection limits should be achievable without He.

Figure 1. Chromatogram of standard, 1 µg(Se)/L per species; 100 µL injected, Hamilton
PRP X-100 column, citrate buffer pH 5.2 and 2% methanol as mobile phase.
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Table 4. Selenium Concentrations Determined in Different Natural Waters [units: ng(Se)/L]

Elemental Analysis HPLC Coupling
78Se 80Se

Natural Water 78Se SeIV SeVI SeIV SeVI

TM-Rain 95 622 ± 19* 629 ± 7 < DL 615 ± 8 < DL
A 67 ± 1 < DL 69 ± 2 < DL 72 ± 6
B 142 ± 24 < DL 140 ± 9 < DL 143 ± 4
C 240 ± 20 < DL 232 ± 13 < DL 267 ± 13
D 467 ± 17 < DL 475 ± 4 < DL 492 ± 5
E 1890 ± 160 55 ± 2 1840 ± 30 57 ± 6 1920 ± 20

*Certified value 740 ± 290 ng(Se)/L

Figure 2. Chromatogram of natural water “C” showing reaction cell induced interference
from bromine hydride elutes after the selenate peak.
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Figure 3. Chromatogram of natural water “E,” the only sample to contain both inorganic
species. First peak is SeIV, second peak is SeVI.
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References

For More Information



Agilent shall not be liable for errors contained herein or for incidental or consequential
damages in connection with the furnishing, performance, or use of this material.

Information, descriptions, and specifications in this publication are subject to change
without notice.

© Agilent Technologies, Inc. 2007

Printed in the USA
July 25, 2007
5989-7073EN

www.agilent.com/chem


