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Abstract: 

Atomic absorption spectrometry have been used by many researchers for performing multi-

element determinations. This technique is one of most powerful instrumental technique for 

qualitative determination of trace metals in variety of samples. In this article techniques and 

methods of atomic absorption spectroscopic are reviewed, which also includes the details of 

instrumentation, and respective applications.  

Introduction: 

Since its introduction, by Alan Walsh in the mid 1950’s atomic absorption spectroscopy has 

proved itself to be most powerful instrumental technique for qualitative determination of trace 

metals in liquids. This is a method of elemental analysis and also independent of the molecular 

form of the metal to be detected. For example we can determine the total cadmium content of the 

water sample –it does not matter whether the cadmium exists as a chloride, nitrate, sulfate or 

other salts. The method is very sensitive and can detect different metals in concentration as low 

as and frequently lower than 1ppm. [Steve J.H., and Andy S.F., 2017] 

New technologies were developed, as old methods were discontinued due to low sensitivity, and 

there is difficulty for background corrections, etc. Old methods have contributed to the 

development of the high-resolution continuum source atomic absorption spectrometry (HR-CS 

AAS) using flame and furnace atomizers. This technique can be used as it provides high 

sensitivity and efficient background correction for the detection and determinations of many 

elements.[ Sergio L.C.F., et al., 2018] 
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As an analytical technique, it has become increasingly important because of its high sensitivity 

and the comparative ease with which quantitative results can be obtained. 

Instrumentation: 

For all types of atomic absorption spectrometer, the following components are required: 

 Radiation source: the selected radiation sources should emit stable and intense radiation 

of the element of interest. 

Hollow-cathode lamp: Consist of hollow cup. The anode is tungsten wire. The two 

electrodes are housed in a tube containing gas. 

Electrode-less discharge lamp: Consist of an evacuated tube in which the metal of 

interest is placed. The sealed tube is placed in a microwave discharge cavity. 

 Chopper: A rotating wheel is interposed between the hollow cathode lamp and the flame. 

There is also a steady current caused by light which is emitted by flame. 

 Atomizers: Necessary to reduce the sample to the atomic state. This is done by: 

Flame Atomizers: Flame is used for converting the liquid sample into gaseous state and 

also for conversion of the molecular entities into an atomic vapor. 

Non flame atomizers: A graphite furnace is made up of a graphite tube open at both 

ends with a hole in the center for sample introduction. The tube is encased within 

graphite electrical contacts at both ends that serve to heat the sample.  

 Monochromators: Monochromator produces monochromatic light by removing 

unwanted wavelengths from the source light beam. 

 Detectors: Photomultiplier tube is most suitable having good stability with stable power 

supply. 

 Amplifier: Generally, “Lock-in” amplifiers are preferred which provide narrow 

frequency band pass. 

Applications 

Atomic absorption spectrometry (AAS) is an analytical technique that measures the 

concentrations of elements. Atomic absorption is so sensitive that it can measure down to parts 
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per billion of a gram (µg dm–3) in a sample. Various uses and applications of AAS are reviewed 

below. 

The poor sensitivity of some “heavy metals” (arsenic and mercury) and interference from matrix 

during determination of “heavy metals” in biological materials is one of the problem that has to 

be improved. Comparison of alloys is also significant in forensic examination. HIGHigh solute 

content of the solutions used in AAS leads to scattering of light coming from the hollow cathode 

lamp and such a high concentration of inorganic salts can be observed in different solutions 

containing residues of biological materials. [Koirtyohann S.R., and Picket E.E., 1965] 

In pharmaceuticals testing for metals and metalloids, the analysts have started the use of atomic 

spectroscopy. Various method used are; flame- and graphite furnace atomic absorption 

spectroscopy (FAAS, Flame AA or FAA and GFAAS), inductively coupled plasma-atomic 

emission spectroscopy (ICP-AES) and inductively coupled plasma-mass spectrometry (ICP-MS), 

so as to meet their analytical needs. Latest pormulated techniques, like laser-induced breakdown 

spectroscopy (LIBS) and Laser Ablation ICP-MS (LAICP-MS) can also be see, as having wider 

applications in the analysis of elements in different pharmaceutical industries and preprations. 

[Lewen N., 2011] 

Chanca piedra a tropical medicinal plant, is reportedly useful in blocking kidney stone formation 

and has anti-hepatitis B activity. The acid digested samples were subjected to AAS analysis. The 

atomic absorption spectrophotometer (PG-990) is a fully automated instrument used in the flame 

configuration option, controlled by a personal computer, with Microsoft windows as the 

operating system. Results showed that manganese (Mn) (228.9 ± 3.3 mg/kg), zinc (Zn) (41.7 ± 

0.9 mg/kg), iron (Fe) (459.3 ± 3.3 mg/kg), calcium (Ca) (521.9 ± 1.8 mg/kg) and magnesium 

(Mg) (397.4 ± 1.3 mg/kg) were present in the plant.  [Mao X., et al., 2016] 

For determination gold directly in organic medium can be done using flame atomic absorption 

spectroscopy (FAAS). As gold is present in some of sedimentary rocks (fine sandstone, 

carbonates), pyrite and serpentine, the determination is important to meet international standard 

gold sample (MA-1a). [Ramesh, S.L., et al., 2001] 
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Zeeman effect is one of the principle that has been used in Atomic absorption spectrometers. 

The transversal and longitudinal, wall and integrated platform atomization can be achieved with 

two main approaches i.e. by measurements of modifier in sample and measurements of sample  

without using any modifier. The temperature programs are defined accordingly, as sample has 

to undergo pre-treatment and atomization curves constructed in the presence of different types 

of wines. [European Economic Community, 1990] 

Solvent-extraction technique with an organic complexing reagent has been used to concentrate 

the ultra-micro-quantities of silver in snow samples, and then presence of silver amount is 

determined by atomic absorption spectroscopy. This analytical technique can be used for 

detecting silver iodides in seeded snow samples. [Farn P.P., Charles E.R., 1969] 

Phosphogypsum is formed as a by-product in the process of 'green' phosphoric acid production. 

The content of heavy metals in phosphogypsum was determined by atomic absorption 

spectrophotometry because this method has broad application in analytical practice due to its 

high sensitivity, selectivity and precision. The results of the investigation indicate the following 

average content of heavy metals (in ppm): Fe-785, Pb-45, Zn-45, Cd-7, Mn-8, Co-IO, Ni-20 and 

Cu-I7-330. [MM, 1993] 

Flame Atomic Absorption Spectrophotometry can be used for determination of multi-trace 

elements in cucurbita maxima (pumpkin). The seed of pumpkin contains elements such as K, Ca, 

Mg, P, Zn, Cu, Ni, Fe, Co, and pulp and skin (peel) of the pumpkins contain heavy metals like 

Pb and Cd. This shows that some essential elements such as K, Cu, Zn, P, Fe which are good to 

the human diet are abundant in the seeds of the pumpkins, and this shows that pumpkin seeds are 

rich in the nutritive value of. [Aggett P.J., 1980] 

Conclusion: 

AAS has been used  since 1960s for inorganic analyses in forensic sciences. With the 

advancement and development of new techniques like nonflame atomizers (carbon furnace) and 

high-intensity lamps (electrodeless discharge, hollow cathode), multi-elements of interest, 

leading to high toxicity, can be analyzed (As, Th, Sb, Cd, etc.) easily. The applications of AAS 

in hair, fingernail, paint, fuels, lubricants, fibers, polymers, papers, pharmaceutical, gunshot 
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residue, forged and counterfeited coins analyses are recent . However, because of the high 

sensitivity and the need for sample preparation, background noise and high impurity levels 

hamper a more routine use of this technique. 

Laser and inductively coupled plasma (ICP) emission spectroscopy constitute powerful 

multielement qualitative and quantitative tools for the analysis of metals, paints, and glass. 

Finally, ICP with mass spectrometry (MS) makes an increasing impact on the analyses of trace 

evidence from pollution source determination to traditional trace exploitation 
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