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Foreword
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deliberations at the Japanese Industrial Standards Committee as the
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JAPANESE INDUSTRIAL STANDARD JIS K 0121 : 2006

1

General rules for atomic absorption
spectrometry

Scope This Japanese Industrial Standard specifies general rules for quantita-

tive analysis using an atomic absorption spectrometric apparatus.

2

Normative references The following standards contain provisions which, through

reference in this text, constitute provisions of this Standard. The most recent edi-
tions of the standards (including amendments) indicated below shall be applied.

3

JIS K 0050 General rules for chemical analysis

JIS K 0083 Methods for determination of metals in flue gas

JIS K 0101 Testing methods for industrial water

JIS K 0102 Testing methods for industrial wastewater

JIS K 0211 Technical terms for analytical chemistry (General part)

JIS K 0212 Technical terms for analytical chemistry (optical part)

JIS K 0215 Technical terms for analytical chemistry (analytical instrument part)
JIS K 0222 Methods for determination of mercury in stack gas

JIS K 0557 Water used for industrial water and wastewater analysis

Terms and definitions For the purposes of this Standard, the definitions given

in JIS K 0050, JIS K 0211, JIS K 0212 and JIS K 0215, and the following defini-
tions apply.

a)

b)

c)

d)

e)

atomic absorption spectrometry a method using the atomic absorption spec-
trometric apparatus to determine the concentration of an analyte element by
converting it in a sample to an atom in ground state by means of flame, electric
heating or chemical reaction, and by measuring the absorbance of its atomic
vapour layer

flame atomic absorption spectrometry an atomic absorption spectrometry
using flame

deuterium lamp a hydrogen discharge lamp filled with deuterium

Since it emits intensive continuous spectrum all over the area of an ultravio-
let region, it is used as a light source for a background correction

low-pressure mercury lamp a mercury discharge lamp of at most 133 Pa in
pressure of mercury vapour

Since it emits intensively a resonance line of 253.7 nm, it is used as a light
source for measurement of mercury

electrothermal atomic absorption spectrometry a method of atomic ab-
sorption spectrometry by drying, incinerating and atomizing the sample solu-
tion in a furnace electrically heated of which heating elements are graphite or
heat resistant metal
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f) cold vapour atomic absorption spectrometry a method of atomic absorp-
tion spectrometry for the atomic vapour obtained by reduction-vaporizing or heat-
vaporizing the sample solution

g) atomic vapour generation device by reduction a device to generate atomic
vapour by reduction-vaporizing the analyte in the sample

h) atomic vapour generation device by heating a device to generate atomic
vapour by heat-vaporizing the analyte in the sample

i) background-correction system using continuous-spectrum sources an
optical system using a light source producing continuous spectrum for the back-
ground correction

j)  background-correction system using Zeeman splitted spectrum an op-
tical system using a Zeeman splitted spectrum by a magnetic field for the back-
ground correction

k) background-correction system using nonresonance spectrum an opti-
cal system using a neighbouring spectral line to the resonance line of an analyte
element generated from the hollow cathode lamp for the background correction

1) background-correction system using self-reversal spectrum an optical
system using a self-reversal spectral line generated by discharge of a high cur-
rent by applying alternately an ordinary current and the high current flow to
the hollow cathode lamp for the background correction

m) mercury analyzer measuring apparatus intended for mercury only in which
the atomic absorption spectrometry for mercury atomic vapour generated by re-
duction-vaporizing or heat-vaporizing of mercury in a sample is performed

n) thermal vaporization-gold amalgamation-cold vapour type a system in
which the atomic absorption spectrometry for atomic vapour obtained in such a
way that mercury in a sample is made to produce atomic vapour by heat-vaporizing,
this atomic vapour is concentrated in a mercury collection tube and then heating
is performed

4 Type of analysis method The type of the analysis method includes atomic ab-
sorption spectrometry and atomic absorption spectrometry intended for mercury only.

NOTE : The atomic absorption spectrometry intended for mercury only refers
to the atomic absorption spectrometry with the function specialized in
mercury analysis.

5 Atomic absorption spectrometry

5.1 Setup of apparatus The atomic absorption spectrometric apparatus consists
of a light source part, a sample atomization part, an optical system, a detection part
and a data processing part. An example of the standard setup is as given in figure 1.
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. Sample . . Data processing
| Light source part |— atomization part —| Optical system |—| Detection part l— part

1
| Background correction part | @

Note (1) The background correction part is not necessarily an indispensable component
and in some cases this is not provided.

Figure 1 Setup of atomic absorption spectrometric apparatus
(an example)

5.2 Light source part
5.2.1 Light source The light source part consists of a light source and a power
source for lighting lamps and the light source shall be as follows.

a) Hollow cathode lamp A hollow cathode lamp is the light source for analysis
and the light source for the background correction, and an example of its con-
struction is as given in figure 2.

Quartz window or

glass window Anode / Glass Hollow cathode

L =

Rare gas (neon or argon)

Figure 2 Structure of hollow cathode lamp (an example)

b) High intensity lamp A light source for analysis of a specific element
1) High intensity hollow cathode lamp
2) Electrodeless discharge lamp

¢} Low pressure mercury lamp A light source for mercury analysis

d) Xenon lamp A light source for an analyte element analysis and for the back-
ground correction

e) Deuterium lamp A light source for the background correction

f) Tungsten lamp A light source for the back ground correction

5.2.2 Power source for lighting lamps The power source for lighting lamps in
light source part shall have functions of lighting the light source lamps and stabiliz-
ing their luminance.
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5.3 Sample atomization part

5.3.1 Atomization part of flame system The atomization part of a flame sys-
tem consists of a burner and a gas flow rate controller.

a) As the burner, there shall be a premix burner which blows sample solution into
chamber and sends only fine particles into a flame and a total consumption burner
which feeds total quantity of the atomized sample solution into the flame. An ex-
ample of the premix burner is as given in figure 3. Here, the sample solution shall
be introduced into a chamber in mist form by the flow of a supporting gas to the
outside of the nebulizer composed of double pipes. This mist further runs into a
disperser, and only finer particles go into the chamber with a fuel gas and sup-
porting gas and are sent into flame from the slot of a burner head. Gases to be
used for the flame of the premix burner shall be acetylene and air, acetylene and
dinitrogen monoxide, hydrogen and argon, etc. The drain trap which prevents the
fuel gas and supporting gas flowing out from the drain tube shall be used.

b) The gas flow rate controller shall be that to keep the pressure and the flow rate
of the fuel gas and supporting gas to be supplied to the burner constant, and
consists of a pressure control valve, a flow rate control valve and others.

Burner head \ Slit

Fuel gas
R

Disperser

\ Nebulizer

Sample solution T \ Drain tube
Supporting gas

Fuel gas

Drain trap

Figure 3 Premix burner (an example)

5.3.2 Atomization part of electrothermal type The atomization part of an elec-
trothermal type consists of an electric heating furnace and a power source.

a) The electric heating furnace is used to dry, incinerate, and atomize the sample
solution by applying a current flow to the heating element of the electric heat-
ing furnace, and its heating element shall be made of graphite or heat resisting
metal. In some cases, it is so constructed as to flow argon, nitrogen, a mixed
gas of argon and hydrogen, etc., into the furnace in order to prevent oxidation
and transfer sample vapour and others. An example of the electric heating fur-
nace (graphite) is as given in figure 4.

Documents

Document Sharing Hub
PROTECTED LY COPYRIGHT

Full document details: JIS K 0121-2006


http://www.avadocuments.com/doc/jis-k-0121-2006
http://www.avadocuments.com/doc/jis-k-0121-2006

5
K 0121 : 2006

Sample Graphit )
Graphite tube pouring raphite Passage for carrier gas
Window

mouth electrode / or the like
W plate
______ 3____-_-__________--__-_ o Optical axis

Insulating board Cooling water passage / Power source terminal

Figure 4 Electric heating furnace (graphite) (an example)

b) The power source heats the heating element of the electric heating furnace stepwise
or continuously to a required temperature.

5.3.3 Atomization part of cold vapour type The atomization part of a cold vapour
type consists of a mercury vapour generating part and an absorption cell.

a) The mercury vapour generating part shall be an atomic vapour generation de-
vice by reduction in which mercury is reduction-vaporized by adding a reducing
agent to a sample solution.

b) The absorption cell shall be of a gas flow-through structure having quartz glass
windows at both ends.

5.4 Optical system

5.4.1 Photometry system The photometry system includes a single-beam system
(figure 5) and a double-beam system (figure 6). For the single-beam system, mea-
surement is performed with one luminous flux, and for the double-beam system, the
luminous flux is divided by a half mirror etc., and the one is made to pass through
an atomization part, and the other is bypassed. The light intensity change is cor-
rected taking the latter as a reference beam.

[

i

Light source lamp
Spectroscope
Burner

Figure 5 Example of optical system of single-beam system
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Reference beam
7’
/ 4
7

Sample light

— , / ~~—1 Spectroscope
— 7 Reflective

/ .
Light source Half mirror
lamp mirror
Burner

Figure 6 Example of optical system of double-beam system

5.4.2 Spectroscope The spectroscope shall be for selecting a required analytical
line only from the spectrum emitted from the light source and equipped with the
spectroscope using a diffraction grating and shall have the sufficient resolution which
is capable of separating a neighbouring line. The spectroscope includes a Littrow
spectroscope (figure 7), a Czerny-Turner spectroscope (figure 8), Ebert spectroscope
(figure 8), Echelle spectrograph (figure 9) and others.

NOTE : For the element of which the light source spectrum distribution is simple,
there is a case where an interference filter is used. Or, there is also
the case where only a certain wave can be selectively detected with-
out using a diffraction grating and an interference filter.

Diffraction gratin%
Exit slit T

Detector % Sl T —
N Concave

Optical focusing Ny 0
system NS mirror

Entrance slit

Figure 7 Spectroscopy section using Littrow type

Exit slit g )
Detector
@) ———.J| Concave
ee==T"" /| mirror [T
Diffraction grating\ Y __.--—-""" j

Optical focusing — %  "TTTte-a__

system AN (/) TTT—a__ e

JE e _ 22 222)) Coneave | F---S =
mirror

Concave

Entrance slit mirror

Notes *) Czerny-Turner type
**¥) Ebert type

Figure 8 Spectroscopy section using Czerny-Turner type and Ebert type
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Echelle diffracting grating

Detector | f------ooeo ‘\“\:::““»\‘_\
T T | Concave

/______---_______-_-_-____-______,v____h-_______m____:::::= mirror
1]

S _________________________________-_-___-___:::::::-_‘1::: ___________
______________________ ~4| Concave
V e =TIl mirror

Figure 9 Spectroscopy section using Echelle type

5.5 Detection part The detection part changes the light intensity of the incident
light to a detector into an electric signal according to the intensity. A photomulti-
plier tube, a photoelectric tube, or a semiconductor detector is used.

5.6 Data processing part The data processing part performs data processing(2),
and displays and records the absorbance, concentration, working curve and measure-
ment result. The data processing part includes an analog system and a digital sys-
tem. For the display, a display, printer, recorder, etc., are used.

Note (2) The data processing includes that which has the integration function
of a signal, the reading function of an absorption peak value and the
preparation and memory function of a working curve in order to at-
tain the precision improvement and speeding up of reading of mea-
sured values.

5.7 Background correction part This part is for the purpose of correcting the
background. There are four types of background correction systems: continuous-
spectrum light source correction system, Zeeman splitted spectrum correction system,
nonresonance spectrum correction system and self-reversal spectrum correction sys-
tem.

5.7.1 Background correction system using continuous-spectrum light sources
This is a system to be used for background correction of a light source emitting con-
tinuous spectra (for example, a deuterium lamp, a tungsten lamp, etc.). It is com-
posed of a continuous-spectrum light source lamp and an optical system (3) which
conforms its light to an optical axis of a light source lamp for analysis (a hollow
cathode lamp). An example of the background correction system using a continu-
ous-spectrum light sources is as given in figure 10.

Note (3) A half mirror is generally used.
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