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Abstract 

 
AAS can be used to determine over 70 different elements 
in crude oil samples. Atomic absorption spectrometry 
(AAS) is an analytical technique that measures the 

concentrations of elements. Atomic absorption can 
measure down to parts per billion of a gram (µg dm–3 ) in 
a sample. The technique makes use of the wavelengths of 
light specifically absorbed by an element. They 
correspond to the energies needed to promote electrons 
from one energy level to another, higher, energy level. 
Atomic absorption spectrometry has many uses in 
different areas of chemistry. Atoms of different elements 

absorb characteristic wavelengths of light. Analysing a 
sample to see if it contains a particular element means 
using light from that element. In AAS, the sample is 
atomised, converted into ground state free atoms in the 
vapour state, and a beam of electromagnetic radiation 
emitted from excited lead atoms is passed through the 
vaporised sample. Some of the radiation is absorbed by 
the lead atoms in the sample. The greater the number of 

atoms there is in the vapour, the more radiation is 
absorbed. Atomic absorption spectrometry is used to 
analyse the presence of certain metals in crude oil. 
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1. Introduction 

 

The metals present in the petroleum crude 

oils are mostly Ni (II) and VO(II) 

porphyrins and nonporphyrins. Other metal 

ions reported form crude oils, include 

copper, lead, iron, magnesium, sodium, 

molybdenum, zinc, cadmium, titanium, 

manganese, chromium, cobalt, antimony, 

uranium, aluminum, tin, barium, gallium, 

silver and arsenic. Metalloporphyrins are 

from biological origin. Treibs et.al (1936) 

proposed that plant chlorophylls converted 

into the geoporphyrins. Metalloporphyrins 

in crude oils are of fundamental compounds 

in petroleum source. Vanadium and nickel 

metalloporphyrins are present in large 

quantity in heavy crude oils. Their presence 

cause many environmental problems 

because such heavy metals have a 

deleterious effect on the hydrogenation 

catalysts used in upgrading processes (Pena 

et al., 1996). Among the porphyrins 

encountered in the petroleum crude oils, 

etioporphyrins (etio) and 

dexophylloerithroetioporphyrin (DPEP), 

and their homologues are more frequently 
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observed (Baker and Louda, 1986), 

(Barwise and Roberts, 1987). A number of 

metal complexes may be associated with 

humic substances that have large capacities 

for metal complexations (Choudhry et al., 

1983) which may be precursors to kerogen.  

The complexity of porphyrin mixtures have 

made the isolation of these pigments 

difficult, but the chromatographic and 

spectroscopic techniques have made 

possible the separation and identification of 

a number of metalloporphyrins (Ebdon et 

al., 1994). The identification of Ni and V 

porphyrin was quite earlier (Treibs et al., 

1936) but the organic forms of other metals 

in crude oils was achieved only later, with 

the advent of hyphenated techniques, e.g. 

HPLC or GC coupled to AAS or ICP-MS 

for elemental detection. The porphyrins of 

Co, Cr, Ti and Zn were identified in oil 

shales by HPLC-ICP-MS (Ebdon et al., 

1994). Some of the elements in crude 

petroleum oils may be present in associated 

mineral matter or entrained formation 

waters. It was earlier observed that V/Ni or 

V/(V+Ni) ratio was constant in crude oils 

of common rock source (Ball et al., 1960) 

and this ratio was used for tracing source 

effects (Shahristani and Al-Alyia,1972). 

The organic forms of metalloporphyrins are 

described as tetrapyrrolic complexes with 

structure similar to chlorophyll and heme 

(Treibs et al., 1936), but the chemical 

nature of nonporphyrins is not well 

established. These are polar compounds 

and largely exist as cations of organic 

acids. Nitrogen, oxygen and sulphur can all 

act as donor atoms in various combinations 

in nonporphyrins (Amorin et al., 2007). 

These are predominantly associated with 

the asphaltenes.  

 

Determination of metals in crude oils  

 

There is a need to determine the trace 

metals in the petroleum crude oils 

quantitatively because of their importance 

in the geochemical characterization of its 

source and origin. Trace metals have been 

used as a tool to understand the 

depositional environments and source rock 

(Alberdi Genolet and Tocco, 1999). The 

metal ions and their characteristic ratios 

have been observed as a valuable tool in 

oil-oil correction and oil-source rock 

correlation studies (Barwise et al., 1990), 

(Akinlua et al., 2007). The determination of 

metal ions in crude oils has environmental 

and industrial importance. The metal ions 

like vanadium, nickel, copper and iron, 

behave as catalyst poisons during catalytic 

cracking process in refining of petroleum 

crude oil. The metal ions are released in the 

environment during exploration, production 

and refining of crude oil. The determination 

of mercury content in crude oil is also 

important for petroleum industry, because 

the metal can deposit in the equipment, 

which could adversely affect the 

maintenance and operation. It is therefore 

considered necessary to know the 

concentration of metals in the petroleum 

oils for meaningful impact assessment. 

Metals and metalloids may be naturally 

found in the crude oils and these could be 

added during production, transportation and 

storage. In general these elements are 

present in the crude oils as inorganic salts 

(mainly as chloride and sulphate of K, Mg, 

Na and Ca), associated with water phase of 

crude oil emulsions, or as organometallic 

compounds of Ca, Cu, Cr, Mg, Fe, Ni, Ti, 

V and Zn adsorbed in water-soil interface 

acting as emulsion stabilizers (Speight et 

al., 2001). Molecular absorption 

spectrophotometry (Milner et al., 1952), 

atomic absorption spectrometry (AAS), 

(Langmyhr and Aadalen,1980), inductively 

coupled plasma-optical emission 

spectrometry (ICP-OES), inductively 

coupled plasma mass spectrometry (ICP-

MS) (Lord et al., 1991), high performance 

liquid chromatography (HPLC) (Khuhawar 

and Lanjwani, 1996), gas chromatography 

(GC), capillary electrophoreses, (Mirza et 

al., 2009) and X-ray fluorescence 

spectroscopy (XFS) (Vilhunen et al., 1997) 

methods have been reported for the 

determination of metals in crude oils.  
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Sample preparation for Atomic 

absorption spectrometry 

 

Crude oil is a complex matrix of varying 

viscosities and mixed phases (organic, 

water and particulate matter) and therefore 

not an ideal matrix for analysis. The 

determination of the metals in petroleum 

crude oil requires pretreatment to the 

sample before presentation to the 

instrument. This is the stage where most of 

the errors occur and is time consuming. The 

selection of a particular procedure depends 

upon analytical technique to be employed, 

nature and the number of the samples to be 

analyzed, desired degree of precision and 

accuracy required, availability of the 

equipment, materials and reagents and the 

cost of analysis (Oliveira et al., 2003). It is 

generally desired that analysis is completed 

within shortest time with minimum 

contamination, using smallest quantities of 

the reagents and the samples and little 

residues and waste generation (Amorin et 

al., 2007). Metal determination in 

petroleum crude oil is carried out by using 

dry ashing, dilution in organic solvents 

(Annual Book of ASTM, 2000, 2002) or 

using micro-emulsions (Souza et al., 2006), 

(Santella et al., 2008). The use of micro-

wave radiation as a potential sample 

preparation technique has been applied due 

to high efficiency of heat transfer and 

sample digestion efficiency (Mello et al., 

2009). 

 

Sample decomposition technique 
Drug ashing is used for complete 

elimination of organic matter, before 

analytical determination and is based on the 

ignition of the organic matrix in air or in 

the stream of oxygen, followed by the 

dissolution of the residue in an acidic 

medium. This is one of the cheapest sample 

preparation procedure. Larger quantities of 

the sample could be used and the analyte 

could be concentrated into small volume of 

dilute mineral acid (HCl or HNO3). This 

also makes possible the use of aqueous 

standards for the calibration of equipment. 

The main disadvantages of the dry ashing 

procedure for crude oils are the risks of 

contamination or loss of the analyte due to 

the formation of volatile compounds. 

(Ekanem et al., 1998). The addition of 

sulphur containing compounds has long 

been used for avoiding losses of Ni and V 

by volatization during ashing (Udoh et al., 

1992). The dry ashing is time consuming.  

 

Wet digestion assisted by microwave 

radiation 

Wet digestions assisted by microwave 

radiation have been observed as safer and 

efficient. The procedures minimize 

contamination and amount of reagents for 

sample preparations (Ozcan and Akman, 

2005), (Trindade et al., 2006). Microwave 

heating enhances the efficiency of acid 

digestion. Alvarado et al (1990) optimized 

a procedure for the microwave digestion of 

crude oil samples using different 

proportions of HNO3 and H2SO4 for the 

analysis of Cr, Cu, Fe, Mn, Ni, Na and Zn. 

Bettinelli et al (1995) examined microwave 

digestion of fuel oils in a high pressure 

closed vessel and observed a decrease in 

sample decomposition time due to higher 

temperature achieved. Using the conditions, 

difficult samples were also decomposed 

completely. Munoz et al (2007) evaluated 

the use of different microwave ovens for 

the decomposition of crude oils and diesel 

fuel to determine the contents of Cu, Pb, 

Hg and Zn in the diagestates. The loss of 

Hg was verified when samples were 

decomposed in the FM oven. The 

dissolution process was monitored by 

measuring residual carbon content (RCC) 

after application of digestion program. The 

dissolution program comprised three steps: 

(1) carbonization with H2SO4, (2) oxidation 

with HNO3 and (3) final oxidation with 

H2O2. Mello et al (2009) described a 

method for light and heavy crude oil 

digestion by microwave induced 

combustion in the closed vessel for the 

determination of Ag, As, Ba, Bi, Ca, Cd, 

Cr, Fe, K, Mg, Li, Mn, Mo, Ni, Pb, Rb, Se, 

Sr, Tl, V and Zn. Mello et al (2009) applied 
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microwave induced combustion for the 

determination of Ni, V, S from crude oil 

distillation residues.  

 

Sample decomposition by wet digestion 
The sample decomposition of organic 

constituents by wet digestion is achieved by 

the use of oxidizing agents prior to analyte 

determination. The acids and oxidizing 

agents used for oil samples include 

mixtures of nitric, hydrochloric and 

sulphuric acids and hydrogen peroxide. The 

use of sulphuric acid in wet digestion 

procedure for trace metal determination in 

petroleum oils, suggested in literature has 

been reapproved as standard methods for 

the determination of Ni, V and Fe in crude 

oils and residual fuels (Standard test 

methods, 2005).  

 

Dilution with organic solvents  
The dilution of crude oils and derivatives 

with organic solvents is an attractive 

sample preparation method, because it is 

simple and rapid and could be used for the 

determination of the metals by spectro-

analytical techniques. The solvents 

commonly used are xylene, kerosene, 

methyl isobutyl ketone (MIBK), n-hexane, 

dimethylbenzene, 1-propanol and mixture 

of these solvents. The procedure is widely 

used in industry, (Botto and Zhu, 1996). 

Direct dilution of crude oils and residual 

fuels with an organic solvent for the 

determination of Ni, V, Fe and Na is 

proposed in ASTM standard test method 

(Standard test methods ASTM D 5863-00 a 

(2005).  

 

Preparation of emulsion 

A fuel sample may be modified by 

formation of emulsions or micro-emulsion 

(Three component system). When two 

immiscible liquids are stirred, a macro 

emulsion is obtained either oil in water 

(o/w, droplets of oil in water) or water in 

oil (w/o, droplets of water in oil), 

depending on the dispersed phase. In 

emulsion and micro-emulsion the fuel is 

dispersed in the aqueous phase as micro 

drops stabilized by micelles or vesicles 

generated by the addition of a detergent.  

 

Analyte extraction 

Extraction for the analyte from the fuel can 

be used for sample preparation, which 

combines the advantages of separating the 

analyte from the matrix, transferring it to an 

aqueous phase and may also result in 

preconcentration. Liquid-liquid extraction 

procedures present as main advantage for 

their simplicity. Akinlua and Smith (2010) 

reported the extraction of trace metals from 

petroleum source rock by superheated 

water and the conditions for maximum 

yield were determined.  

 

 

Atomic absorption spectrometry  

Flame Atomic Absorption Spectrometry 

indicates inherently low sensitivity for 

metal determinations. Platteau and Carriillo 

(1995) determined Fe, Na and Ni in crude 

oils by FAAS. Ni, V and Fe in crude oils 

and residual fuels have been determined by 

FAAS after ashing with H2SO4 (standard 

test methods ASTM 2005). Fabec and 

Ruschak (1985) determined Ni and V in 

crudes and heavy crude fraction by FAAS 

after dilution in xylene. Osibanjo et al 

(1984) determined Ni, Cu, Zn, Na, Pb, Cd 

and Fe by FAAS in petroleum crudes after 

dilution with toluene – acetic acid mixture.  

 

Chemical vapour generation AAS The 

elements Hg, As and Sb are present in the 

fuels at low concentrations and chemical 

vapour generation (CVG) technique can be 

applied to provide required sensitivity. 

However CVG when applied to crude oils 

is susceptible to spectral interference from 

aromatic organic compounds in the gas 

stream. Cold vapour (CV) technique for 

mercury and hydride generation (HG) 

technique for As & Sb requires the analyte 

to be present in inorganic form in a defined 

oxidation state. Therefore the applications 

of CVG to the analysis of fuels generally 

requires complete mineralization of the 
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metal-organic compounds and separation 

from organic phase (Osibanjo et al., 1984).  

 

Electrothermal Atomic Absorption 

Spectrometry (ET-AAS) ET-AAS with a 

graphite furnace is a useful analytical 

technique for metal analysis from crude 

oils, because of its high sensitivity and 

capability to deal with organic loads. In 

addition ET-AAS requires only small 

amount of sample. ET-AAS make possible 

direct analysis of crude oils, because it 

allows complete elimination of organic 

matrix, if an appropriate heating program 

and suitable chemical modifiers are used 

(Botto and Zhu, 1996). 

 

Inductively Coupled Plasma Optical 

Emission Spectroscopy (ICP-OES) ICP-

OES has the advantage of multi-elemental 

detection capability. However, the 

introduction of organic solvents, such as 

fuels cause plasma destabilization or even 

plasma extinction and the use of ICP 

accessories may be necessary, such as 

direct injection nebulizer, ultrasonic 

nebulizer with micro-porous membrane 

dessolvator, a thermostated condenser 

between the spray chamber and the plasma 

torch or a chilled spray chamber. Akinlua 

and Smith (2010) determined lead in 

gasoline by ICP-OES using argon and 

argon-oxygen as plasma gas.  

 

Inductively Coupled Plasma Mass 

Spectrometry (ICP-MS)  

ICP-MS is highly sensitive multielement 

technique, but the introduction of organic 

solvents and the compounds in plasma 

requires special care similar to ICP-OES, 

because the organic load may destabilize or 

extinguish the plasma. ICP-MS encounters 

additional problems of formation of carbon 

deposit on the sampler and skimmer cone 

and in the ion lens of the mass spectrometer 

and spectral interferences owing to carbon 

based species (Lord et al., 1991). In ICP-

MS spectral interferences may also occur as 

crude oil contains a number of elements at 

low concentrations (ng/g) levels (Tan and 

Horlick, 1986). Duyck et al (2002) 

determined Ag, Al, Ba, Cd, Co, Cu, Fe, La, 

Mg, Mo and Mn in residual fuel oil and 

crude oils by ICP-MS after dilution of the 

samples in toluene, using ultrasonic 

nebulization. Good accuracy was reported 

for the determinations of the metals. 

Wondimu et al (2000) analysed residual 

fuel oil for Ag, Al, As, Ba, Bi, Ca, Cd, Co, 

Cr, Cu, Fe and Hg by ICP-MS after micro-

wave acid decomposition.  

 

Conclusion 

 

Atomic absorption spectrometry (AAS) is 

an analytical technique that measures the 

concentrations of elements. Atomic 

absorption can measure down to parts per 

billion of a gram (µg dm–3) in a sample. It 

is useful for finger printing of petroleum to 

ensure presence / absence of certain metal 

ions.  
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