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A simple method for mercury determination in petroleum fractions (e.g. naphtha) using

electrothermal atomic absorption spectrometry (ETAAS) associated with multiple injection

technique for direct preconcentration in the graphite tube has been developed. Oil-in-water micro-

emulsions (three-component solutions) were prepared using a mixture of sample, propan-1-ol and

HNO3. No additional sample pretreatment was required. In the procedure, three successive 30 mL
micro-emulsion aliquots are delivered to the graphite tube. The pyrolysis and atomization

temperatures were set to 400 1C and 1400 1C, respectively. The calibration curves showed a linear

response up to analyte concentrations of 150 mg L�1 with a correlation coefficient of 0.993. The

precision calculated from fifteen consecutive measurements and defined as the coefficient of

variation of solutions containing 5.0 and 30 mg L�1 of Hg were 6.4% and 4.7%, respectively. The

limit of detection (LOD), defined as the Hg concentration that gives a response equivalent to

three times the standard deviation (s) of the blank (n = 10), was found to be 0.78 mg L�1. The

proposed procedure was used for mercury determination in naphtha feeds processed in Braskem

S.A. (Salvador, Bahia, Brazil).

1. Introduction

Determination of trace elements in crude oil and petroleum

products has received considerable attention because of its

relevance for petroleum cracking and refining processes.1 The

presence of some elements, such as mercury, may cause

corrosion, affecting equipment integrity, or poisoning of the

process catalyst. In addition, the presence of mercury affects

the product quality, health and safety of workers and the

environment.2 Mercury in petrochemical products is released

during combustion with harmful effects on human health and

environment.1 Combusted hydrocarbons are identified as

major anthropogenic sources of mercury emissions to the

atmosphere in the US.3

The determination of Hg in petroleum products is particu-

larly difficult due to the volatile nature of both mercury and

the matrix which may lead to significant loss of the analyte. In

the analytical determinations of metallic elements in petro-

leum products by atomic spectroscopic techniques, the sam-

ples are frequently prepared by dry or wet ashing procedures.4

The main drawback of such steps is the possibility of loss of

mercury due to the high temperature employed in such

procedures. Additionally, trace element losses may also occur

through absorption on the walls of the ashing flask and by

retention in the acid-insoluble fraction of the ash.1 Procedures

for determination of Hg in petroleum products by several

analytical techniques are summarized in Table 1.

Some methods, involving atomic spectrometry techniques,

have been used for mercury determination in petroleum

products. However, these methods are not sensitive enough

for direct Hg determination and a preconcentration step is

required.5,6 Inductively coupled plasma atomic emission spec-

trometry (ICP OES) has the disadvantage of spectral inter-

ferences susceptibility, which makes accurate trace element

determination in complex matrices quite difficult. Addition-

ally, the detection limits of ICP OES techniques are not as

good as those obtained by electrothermal atomic absorption

spectrometry (ETAAS). Considering the whole analytical

procedure, including pretreatment steps, the main advantages

of ETAAS are rapidity, simplicity, sensitivity and good

precision.1

From what has been mentioned, it is evident that simple and

efficient methodologies need to be developed for eliminating

problems associated with mercury determination in complex

samples. Therefore, the present work proposes a method based

on direct analyses of this analyte in petroleum products by

aUniversidade Estadual de Santa Cruz, Departamento de Ciências
Exatas e Tecnológicas, Campos Prof. Soane Nazaré de Andrade, Km
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Brazil

f Universidades Salvador — UNIFACS, Departamento de Engenharia
e Arquitetura, Av. Cardeal da Silva 132, Salvador, Bahia 40220-141,
Brazil

This journal is �c The Royal Society of Chemistry 2006 J. Anal. At. Spectrom., 2006, 21, 1327–1330 | 1327

PAPER www.rsc.org/jaas | Journal of Analytical Atomic Spectrometry

Pu
bl

is
he

d 
on

 2
9 

A
ug

us
t 2

00
6.

 D
ow

nl
oa

de
d 

by
 U

N
IV

E
R

SI
D

A
D

E
 F

E
D

E
R

A
L

 D
A

 B
A

H
IA

 o
n 

19
/0

6/
20

13
 1

4:
55

:4
0.

 
View Article Online / Journal Homepage / Table of Contents for this issue

http://dx.doi.org/10.1039/b607274g
http://pubs.rsc.org/en/journals/journal/JA
http://pubs.rsc.org/en/journals/journal/JA?issueid=JA021011


using ETAAS associated with multiple injection technique.

Multiple injection technique has been applied to in situ pre-

concentration of several metals and low limits of detection

have been reached, dispensing with sample pretreatment steps

and speeding up the analysis.7

2. Experimental

2.1 Instrumentation

A Varian SpectrAA 220Z (Mulgrave, Victoria, Australia)

Zeeman atomic absorption spectrophotometer equipped with

a model GTA 110 graphite tube atomizer, a model PSD 100

auto sampler and Varian hollow cathode lamps (Hg 253.7 nm)

were used for all the measurements. The device was set up

according to the manufacturer’s instructions and run in the

single element mode. Pyrolytic graphite-coated tubes with a

center-fixed platform (Varian, PN: 63-100026-00) were used.

Argon 99.996% (White Martins, São Paulo, Brazil) was

employed as a purge and protective gas.

2.2 Reagents and solutions

All reagents were of analytical grade quality and freshly

distilled and deionized water (electrical resistivity of 18.0

MO cm�1) was used when necessary.

The working standard solutions of Hg were prepared by

appropriate stepwise dilution of a 1000 mg mL�1 (Merck,

Darmstadt, Germany) stock standard solution to the required

mg mL�1 levels just before use.

Nitric acid 60% v/v was of ultrapure grade, prepared by

diluting concentrated suprapure nitric acid, supplied by Merck

(Darmstadt, Germany).

A 1000 mg L�1 stock palladium solution was used as a

chemical modifier, co-injecting 20 mL with the sample. This

solution was prepared in 0.1% v/v HNO3 from a stock

solution of 10 000 mg L�1 Pd(NO3)2 in ca. 15% v/v HNO3

(Merck, Darmstadt, Germany).

Propan-1-ol (Merck) was used as co-solvent and Braskem

internal product, known as mixed xylenes, was used as organic

blank sample.

2.3 Samples

All petroleum products samples (naphtha) were collected into

clean bottles and stored in a freezer at 4 1C prior to analysis,

usually performed within three days. The sampling apparatus

was cleaned by nitric acid, deionised water and ethanol wash-

ings. The samples were collected from the plant’s raw material

storage tank or directly from carrier ship tanks. Typically, the

collected samples presented distillation curves ranging from 30

to 280 1C and specific gravity values around 0.70.

2.4 General analytical procedure

Previous studies showed the advantage of sample emulsifica-

tion over acid digestion and sample dilution with organic

Table 1 Summary of literature references on mercury analysis in petroleum products

Analyte Sample
Detection
technique Detection limit Details Ref.

Total Hg Gasoline CV-AAS 0.10 mg L�1 Direct aqueous NaBH4 reduction in a three-
component (microemulsion) medium

12

Hg0 and
(Me)2Hg

Crude oil CV-AFS — Nonvolatile forms of mercury associated with
asphaltenes were identified using differential
solubility methods.

13

Total Hg Gasoline and diesel
samples

CV-AFS 10 ng g�1 Mercury was extracted from these samples by
BrCl oxidation

14

Total Hg Gasoline, kerosene,
diesel, and crude oil

CV-AFS 0.15 ng g�1 The analytical performance of the
combustion/trap technique in different types
of samples at different mercury concentration
levels was statistically compared with wet
extraction methods

15

Total Hg SRM crude oils and
refined products

CV–ICP-MS 10 pg g�1 Samples were spiked with stable 201Hg and
wet ashed in a closed system

16

Hg0 Natural gas condensates GC–ICP-MS 0.98 mg L�1 Two consecutive injections allowing
comprehensive speciation analysis.

17
(Me)2Hg 1.32 mg L�1

MePrHg 0.16 mg L�1

Et2Hg 0.08 mg L�1

MeBuHg 0.14 mg L�1

Pr2Hg 0.20 mg L�1

Bu2Hg 0.11 mg L�1

Total Hg, Hg(II),
and methyl Hg

Petroleum condensate
and crude oil

CVAFS 0.1 ng g�1 Sequence of relatively simple wet chemical
extractions.

18

Total Hg Crude oil CVAFS 0.2 ng g�1 Samples were directly introduced to the
system without the use of chemicals and
complicated digestion procedures.

19

Total Hg Naphta GFAAS 0.78 mg L�1 Multiple injection technique for direct
preconcentration in the graphite tube

This work

a CV-AAS: cold vapor atomic absorption spectrometry. b CVAFS: cold vapor atomic fluorescence spectrometry. c CV–ICP-MS: cold vapor

inductively coupled plasma mass spectrometry. d GC–ICP-MS: gas chromatography with inductively coupled plasma mass spectrometry.
e ETAAS: Electrothermal atomic absorption spectrometry.
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solvent as the sample preparation procedure for the determi-

nation of metals in petroleum products samples.8–10

Oil-in-water micro-emulsions (three-component solutions)

were prepared using a specific sequence in order to guarantee

their stability. In this way, aliquots of 5.0 mL of sample were

placed in 10 ml volumetric flasks, and 2 mL of propan-1-ol

and 500 mL of 0.2% (v/v) HNO3 were added. Then, the

volumes were made up with propan-1-ol and the mixtures

were vigorously manually shaken. One-phase transparent

micro-emulsions were obtained. All solutions for the analyti-

cal calibration curves and for analyte addition, using inorganic

and organic standards, were prepared in the same way as

micro-emulsions. Blank solutions were prepared with xylene

replacing the sample.

The literature reports the use of a permanent modifier such

as palladium, iridium, rhodium and ruthenium, to guarantee

the stability of the Hg.11 However, our objective was to

develop a routine procedure without use of permanent modi-

fier. In this way, 20 mL of 1000 mg L�1 palladium solution was

co-injected with the sample for the stabilization of mercury.

The samples were slowly injected into the graphite tube, where

preconcentration takes place. Three successive 30 mL sampling

aliquots were delivered to the tube and the temperature was

raised, leading to partial drying of each aliquot. At each

multiple injection, the samples and modifier aliquots were

dried through steps 1–7 described in Table 2, before the next

injection. After the third injection, the temperature program

was completed according to the conditions shown in Table 2

and the total amount of the Hg was determined from the

integrated absorbance signal.

3. Results and discussion

Preliminary investigations were carried out in order to opti-

mize the parameters that influence the preparation of the

micro-emulsion. Firstly, the emulsion should be homogenous

and stable for the time required to perform the measurement,

in triplicate. In the order to establish the conditions for the

formation of a homogeneous and stable micro-emulsion, the

ratio of sample to aqueous solution of nitric acid and propan-

1-ol (co-solvent) was varied. The micro-emulsion prepared

mixing 5.0 mL of naphtha, 2.0 mL of propan-1-ol, 500 mL
of 0.2% v/v HNO3 and the volume completed with propan-1-

ol in 10 mL volumetric flasks, was found to be homogeneous

and stable for more than 1 h. Blank solutions were prepared in

the same way with xylene replacing the sample.

3.1 Optimization of ETAAS temperature program

In order to optimize the instrumental conditions, pyrolysis

curves were carried out, maintaining constant the other con-

ditions as recommended by the instrument manufacturer for

determination of Hg. The maximum pyrolysis temperature

was 400 1C to guarantee that most of the matrix would be

eliminated, without loss of the analyte, as can be seen in Fig. 1.

Significant loss of Hg is observed when temperatures above of

400 1C were applied. The atomization curve was also obtained

and the best temperature was found to be 1400 1C as shown in

Fig. 2. The optimized temperature program (Table 2) was used

for the determination of Hg in petroleum product samples.

3.2 Major figures of the proposed method

Calibration curves were established using organic and aqueous

standards, using the optimized experimental and instrumental

parameters for the determination of Hg. The slopes of the

calibration curve using inorganic and organic standards were

similar (Table 3). This means that Hg in naphtha can be

determined using the standard calibration technique with

inorganic standards. Simple calibration was used to collect

sample data and the calibration curves for Hg using inorganic

Table 2 Graphite furnace temperature program

Cycle Step Temperature/1C Time/s
Argon
flow/L min�1

Drying 1 40 1.0 3.0
2 80 5.0 3.0
3 90 5.0 3.0
4 120 10.0 3.0
5 122 3.0 3.0
6 180 5.0 3.0
7 250 2.0 3.0

Pyrolysis 8 400 5.0 3.0
9 400 5.0 3.0
10 400 1.0 3.0

Atomization 11 1400 2.5 0.0
12 1400 2.5 0.0

Cleaning 13 1800 0.5 3.0
Fig. 1 Pyrolysis curve for for a Hg 30 mg L�1 standard in micro-

emulsion using Pd chemical modifier and the conditions as recom-

mended by the instrument manufacturer for determination of Hg.

Fig. 2 Atomization curve for a Hg 30 mg L�1 standard in micro-

emulsion using Pd chemical modifier.
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standards in propan-1-ol showed a linear response up to

analyte concentrations of 150 mg L�1 with a correlation

coefficient of 0.993. The precision (repeatability) calculated

from fifteen consecutive measurements, and defined as

the coefficient of variation, of solutions containing 5.0 and

30 mg L�1 of Hg was 6.4% and 4.7%, respectively. The limit of

detection (LOD), defined as the Hg concentration that gives a

response equivalent to three times the standard deviation (s) of

the blank (n = 10), was found to be 0.78 mg L�1. As can be

seen, a low limit of detection and a very good sensitivity for

mercury determination in an organic matrix were obtained.

Such figures of merit are comparable to that obtained by

ICP-MS.

3.3 Analytical application

Four naphtha samples taken from different lots were analyzed

for mercury under the recommended analytical settings. The

results are shown in Table 4. Three samples were spiked with

7.0 mg L�1 of Hg, resulting a in recovery value varying between

91 and 114%, thus indicating reasonable accuracy considering

the complex matrices analyzed in this work. Sample spiking

was used for accuracy assessment, since a standard reference

material is not available neither in naphtha or in a suitable

matrix such as xylene, toluene, light oils, etc. Additionally, no

standard method for mercury determination in naphtha,

which could be used as a comparative method, was found.

4. Conclusions

A method for trace determination of mercury in naphtha

samples with direct preconcentration employing multiple in-

jections in the graphite tube was developed using electrother-

mal atomic absorption spectrometry. The method is simple,

fast and does not require the sample to be subjected to any

drastic or time-consuming pretreatment, such as concentrated

acids heating.
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Calibration Equation
Coefficient of
correlation

Analytical curve using
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Y = 0.0004X + 0.0062 0.9927

Analytical curve using
inorganic standard

Y = 0.0004X + 0.0008 0.9926

Table 4 Mercury concentration obtained in spiked naphtha samples

Sample Added/mg L�1 Found/mg L�1 Recovery (%)

Naphtha 1 0 7.0 � 0.5 —
7.0 15.0 � 0.5 114

Naphtha 2 0 8.6 � 0.3 —
7.0 15.0 � 0.4 91

Naphtha 3 0 14.0 � 0.5 —
7.0 20.5 � 0.6 93

Naphtha 4 0 7.5 � 0.6 —
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