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Abstract  Metal ion analysis is an important aspect during water quality monitoring of either surface or ground water 
sources. In spite of the availability of several other metal ion analysis techniques for drinking water samples, today atomic 
absorption spectroscopic (AAS) method is most commonly being used due to the reproducibility of results, short analysis 
time, cost effective, lower level detection and hyphenated in nature. Therefore, we have attempted to describe the atomic 
absorption spectroscopic analytical technique in a simple manner. The principle, instrumentation, water sample collection 
and their preservation, sample preparation, instrument calib ration and data analysis for AAS analysis have been described in 
a simple manner specially for under graduate and post graduate students.  
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1. Introduction  

Water is a principle constituent of the planet earth. Natural 
sources of fresh water are in the form of rivers, lakes, 
glaciers and ample ground water system. Metals like 
alumin ium, calcium, cadmium, chromium, copper, iron, lead, 
magnesium, manganese, zinc etc. may occur in drinking 
water due to geogenic reasons or may be due to 
anthropogenic activities such as uncontrolled discharge of 
waste waters of different types of industries. Besides this, 
leachates from landfill sites and min ing waste dumps are 
other contributors of metal pollution in drinking water. Some 
of the metals are necessary to present in drinking water up to 
desirable limit. But their h igher concentrations i.e. more than 
permissible limit are toxic for human beings. Higher 
concentrations of these metal ions result in to several types of 
human health problems[1 - 3]. A comparison of various 
guide line values of metal ions in d rinking water has been 
made in Table 1[1, 2, 4].  

Now a days, several types of detection techniques for 
metal ions in drinking water samples are available like 
atomic absorption spectroscopy (AAS), Flame emission, 
Vapour generation accessory (VGA), Graphite tube atomizer 
(GTA), Inductively Coupled Plasma Emission, Ion Chroma
tography, UV-Vis ible spectrophotometer, High Performance  
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Liquid Chromatography (HPLC) etc. which are capable to 
detect the concentration of metal ions up to ppb level[5 - 9]. 
The speciation of metal ions in drinking water samples can 
also be achieved by advanced instrumentation techniques 
including chromatographic, capillary electrophoresis, 
spectroscopic and other techniques. However, out of these 
available analyt ical techniques for metal ion analysis in 
drinking water samples, AAS method has been selected and 
described herein due to its wide applicability for metal ion 
analysis in drinking water samples specially for under 
graduate, postgraduate students and also for researchers in 
laboratory.  

2. Atomic Absorption Spectroscopy 
(AAS)  

Atomic Absorption Spectrophotometer analytical 
instrument is based on the princip le o f atomic absorption 
spectroscopy and is very useful to detect the metal ion 
concentration present in drinking water samples. When a 
sample solution is aspirated into a flame then sample element 
is changed into atomic vapour of that element. Flame 
contains atoms of element. Furthermore, some atoms are 
thermally  excited by flame whereas most of them remain in 
ground state. The ground state atoms then absorb the 
radiation of specific wavelength produced by source i.e. 
hollow cathode lamp of that specific metal. Now, the 
wavelength of rad iation given off by the source or lamp is 
similar as that of absorbed by the atoms in the flame.  
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Table 1.  A comparison of USEPA, WHO and BIS guideline values (mg/L) 
of metal ions for drinking water[1, 2, 4] 

Metal Name 
USEPA 

(Maximum 
contaminant level) 

WHO 
(Guideline 

value) 

BIS: 10500 
(Permissible 

limit) 
Arsenic 0.01 0.01 0.05 

Aluminium 0.05-0.2 NM 0.2 
Boron -- 2.4 1.0 

Cadmium 0.005 0.003 0.003 
Chromium 0.1 0.05 0.05 

Copper 1.3 2.0 1.5 
Iron 0.3 NM 0.3 
Lead 0.015 0.01 0.01 

Mercury 0.002 0.006 0.001 
Manganese 0.05 NM 0.3 

Nickel -- 0.07 0.02 
Selenium 0.05 0.04 0.01 

Zinc 5.0 NM 15.0 
NM: not mentioned 

AAS method follows the Beer’s law, which  states that 
absorbance is directly p roportional to concentration[10, 11]. 
Each atomic absorption spectrophotometer possesses a light 
source i.e. lamp, sample cell, monochromator, detector and 
output device. The schematic diagram of an atomic 
absorption spectrophotometer is g iven as figure 1. The most 
common type of burner is a premix, which introduces the 
spray into a condensing chamber fo r removal of larger 
depletes. An online-AAS instrument in the laboratory is 
shown in figure 2. Important sections of an AAS instrument 
are described as: 
a. Light Source (Lamps )  

Use either a hollow-cathode lamp or electrode less 
discharge lamp (EDL) for a particu lar element being 
measured. Moreover, mult i-element hollow-cathode lamps 
generally provide lower sensitivity than single element 

lamps whereas EDLs take a longer time to warm up and 
stabilize.  
b. Out Put Unit (Readout)  

Most of the instruments are equipped with either a dig ital 
or null meter readout mechanis m. Generally, the modern 
instruments are with a microprocessor capable of integrating 
absorption signals over at high concentrations.  
c. Pressure Controlling Valve  

Generally, a separate reducing value should be used for 
each gas. Suitable reducing valves maintain the supplies of 
fuel and oxidant at pressure somewhat higher than the 
controlled operating pressure of the instrument.  
d. Exhaust (Vent)  

Fix a vent about 6-12 inches above the burner to remove 
the fumes and vapours from the flame. Th is practice protects 
laboratory personnel from vapours, protects the instrument 
from corrosive vapours, and prevents flame stability from 
being affected by room drafts. Besides, in laboratory sites 
with  heavy particulate air pollution, prefer the clean 
laboratory facilit ies. AAS analysis for various metal ions 
needs a suitable flame-gas combination which is given in the 
Table 2. 

Table 2.  Flame-gas combination for metal ion analysis by AAS 

Metal Name Flame-Gas 
Combination Metal Name Flame-Gas 

Combination 
Arsenic 

Aluminium 
Boron 

Cadmium 
Calcium 

Chromium 
Copper 

Iron 

Air-Act 
N-Act 
N-Act 

Air-Act 
N-Act 

Air-Act 
Air-Act 
Air-Act 

Mercury 
Manganese 
Magnesium 

Nickel 
Lead 

Selenium 
Zinc 

Air-Act 
Air-Act 
Air-Act 
Air-Act 
Air-Act 
Air-Act 
Air-Act 

Air-Act = air-acetylene; N-Act = nitrous oxide-acetylene 

 

Figure 1.  Schematic diagram of an atomic absorption spectrophotometer 

 
Figure 2.  An atomic absorption spectrophotometer instrument in the laboratory 

Light Source    Sample Cell    Monochromator    Detector    Output Unit 
(Hollow Cathode Lamp)    (Absorption Cell)                                            (Data Processor) 
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3. Water Sampling and Sample 
Preservation  

Selection o f appropriate sample container is also utmost 
important to minimize the leaching of contaminants from 
plastic containers into samples and/or absorption of some 
sample analytes into the walls of p lastic containers. 
Normally, plastic o r g lass may be preferred for one material 
but may be restricted for other. For example, boron, silica 
and sodium may be leached from soft glass but not plastic. 
Similarly, trace levels of other metals may be absorbed onto 
the walls of glass containers. For metal ions, sample 
containers should be made of high density polyethylene to 
avoid contamination  with metal ions through glass container. 
But for mercury ion analysis, the samples should be stored in 
glass container as it reacts with organic materials. Before use, 
sampling bottles should be rinsed first with tap water, 
secondly with deionised or ion exchange water and then with 
nitric acid[2, 10, 12].  

A suitable sampling can be performed by using some 
sampling tools. Manual sampling tools include bacon bombs, 
dippers, weighted bottles and hand operated pumps. 
Generally, mechanical, electrical and pneumatic samplers 
are accessible. Special care should be taken in the selection 
of the proper instrument for sampling based on the 
knowledge of the nature o f the water being sampled  as well 
as operating conditions. The sampling work should be 
undertaken according to specified procedures[2, 10]. The 
samples can be of two types i.e. grab or composite. 

a. Grab samples 

Grab samples are single samples which are collected at a 
specific spot of a site over a short period of time. Therefore, 
these samples symbolize only the composition of its source 
at the time and place of collection.  
b. Composite samples 

Composite samples are co llected by taking an appropriate 
number of g rab samples obtained at equal intervals or 
proportional to flow. Flow proportional composite samples 
are collected when the flow properties are continually 
changing.  

After the complet ion of sampling task, preservation of the 
collected water samples is necessary to obtain good results. 
Therefore, sample preservation can be achieved by making 
slurry of ice and water for cooling at 4°C to minimize the 
potential for volatilization or biodegradation between 

sampling and analysis[10].  
Some metal ions like aluminium, cadmium, chromium, 

copper, iron, lead, manganese, silver and zinc are subject to 
loss by adsorption on, or ion exchange with the walls of glass 
containers. Therefore, ultra pure nitric acid is necessary to 
add into the sample for metal ions preservation. Besides this, 
acidification of the collected water sample is essential below 
pH 2.0 to min imize the precipitation and adsorption on 
container walls. 

4. Sample Preparation 

Sample preparat ion is a very important step in analytical 
chemistry. Therefore, samples should be prepared very 
carefully without any mistake or carelessness. The samples 
for metal ion analysis in drinking water samples by atomic 
absorption spectrophotometer can be prepared by adopting 
the standard method as given in scheme 1[2, 10].  

5. Preparation of Standard Solution, 
Standardization, Data Analysis and 
Calculation  

Standard solutions of metal ions are necessary to 
standardize and calibrate the instrument. Moreover, the 
preparation of standards is also an important and crucial part 
of analysis and it requires much attention of any student or 
researcher for better results. Therefore, the preparation of 
standard solution of various metals, standardization, data 
analysis and calculation can be performed by following the 
given steps under scheme 2[2, 4, 10].  

6. Conclusions 

Atomic absorption spectroscopy has become a method of 
choice of students and researchers in analytical chemistry 
due to its wide applicability. The technique is useful not only 
for metal ion analysis in several matrices like water, soil, 
sediments, food materials but also for the speciation of metal 
ions in these matrices. Moreover, hyphenated AAS method 
has emerged as an essential tool fo r analyt ical job. The 
present article will be helpful for undergraduate, 
postgraduate and even researchers who possess an interest in 
laboratory experiments related with analytical chemistry as 
well as with environmental sciences.  
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Scheme 1: 

Take measured volume (50 ml) of well mixed, acid preserved sample into a beaker 

 

Add 5 ml conc. HNO3 + few g lass beads 

 

Slow boil and evaporate on a hot plate upto 10-20 ml 

 

Add conc. HNO3 (few ml) until the completion of d igestion (Do not let the sample dry) 

 

Wash down the beaker with deion ized water (3 times) 

 

Filter and pour the sample in 100 ml volumetric flask and makeup it 100 ml, mix thoroughly 

Scheme 2: 

Select atleast three concentrations of standard solution of a particular metal to be analysed 

 

Aspirate blank solution and adjust zero  

 

Aspirate each standard solution into flame 

 
Prepare a calibration curve for absorbance versus concentration of standard solution 

(This step is unuseful for the instruments equipped with direct concentration readout) 

 

Take the reading of the prepared sample solution direct ly from the instrument  

 

Use the appropriate dilution factor for the samples having higher concentration of metal ions 
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