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Abstract

The present work is a part of a project on the environmental site assessment of
alocal petroleum refinery to evaluate the extent of pollution of the site with focus
on selected places of potential pollution. Soil samples were collected at various
depths from almost al locations including: production units, storage tanks, the
landfill lagoons at the outside boarder of the refinery and the residence location.
The analyses of vanadium, nickel and lead were carried out on extracts of the soil
samples made by five different dilute solutions of acetic acid, nitric acid, calcium
chloride, EDTA. The nature of the solvent is a determining factor in the efficiency
of transport of heavy metals from the soil into the solution. All of the
measurements were conducted by graphite furnace atomic absorption
spectrophotometry.
It was concluded that heavy metals are available even for the weakest extracting
solvent. This was an indication on the nature of the V, Ni and Pb, where they are
in inorganic forms due to the degradation by the microorganisms of the soil and
aided by dozens of raining seasons and severe hot summers of Irag. However the
soil keegps some of the heavy metals in the original organo-metallic nature which
resulted in only partial extraction of these metals with the solutions employed.
Thus, the danger from these metals is limited due to their insolubility in water.
The range of vanadium detected in the various extracts is ; for nickel, the range
was and for lead the concentration range was . The V contents werein the range of
0.01 — 0.37 mg/Kg. The Ni content ranged between 0.06 and 4.5 mg/Kg. The
range of Pb contents obtained was in the range of 0.025 — 22.5 mg/Kg. The V and
Ni concentrations at the deep soil samples were less than that of the surface
samples in most locations. Meanwhile, the penetration of lead contamination
seems easier than V and Ni.

Keywords: Polluted Soil Analysis, Vanadium, Nickel, Lead,
Electrothermal Atomic Absorption.
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I ntroduction

Metals play an integral role in the
processes of microorganisms. Some
are essentiadl  to, seve as
micronutrients, and to use for redox-
processes, to stabilize molecules
through electrostatic interactions; as
components of various enzymes,; and
for regulation of osmotic pressure
[1]. Many other metals have no

to the production of large number of
essential materials in the modern life.
Refining uses so many technologies
to extract the light fractions and
reforming of some cuts into more
valuable products. Catalytic cracking
and vacuum distillation are involved
to reduce the required operating
temperature of the petroleum
processing. One of the major costs of

biological role are nonessential [1]
and potentially toxic to
microorganisms. Toxicity of
nonessential metals occurs through
the displacement of essential metals
from their native binding sites or
through ligand interactions [1, 2]. In
addition, at high levels, both essential
and nonessential metals can damage
cdl membranes, dte enzyme
specificity; disrupt cellular functions;
and damage the stucture of DNA [1].
Petroleum refining is among the most
important industries utilizing the
crude oils and contributes very much

the refining industry is the emission
of various pollutants to the
environment, represented by air
water and soil. In Japan, petroleum
industry produces more than 250
million tons of wastewater with 140
tons of COD; afinal disposal volume
of waste materials of 3 thousand tons
after recycling more than 22
thousand tons in addition to hundreds
of tons of volatile organic
compounds, VOC, CO2: 7.0 million
tons, SOx: 2,700 tons; NOx: 3,300
tons; soot and dust: 130 tons [3].

Petroleum refining in Irag back dates
to the 1950’s when Daura refinery
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was first constructed to the south of
Baghdad. Daura refinery receives
crude oil from various oilfields in
Iraq and the production conditions
are modified in accordance with the
specifications of the blend. Many of
the refinery operations and activities
are classified among the examples of
land uses likdy to generate
hazardous materials [4].

Heavy metals like vanadium and
nickel are among the most naturally
abundant organo-metallic compounds
in crude ails [5] and hence ther
existence in soil can be an indicator
for petroleum pollution. Lead on the
other hand is an essential dement in
the refining industry as it is
incorporated in the wel known, but
internationally ~ abandoned,  anti-
knock  additive for  gasoline
Vanadium and nicke are
characteristics of the crude oils and
usually occur as  porphyrinic
complexes and  nonporphyrinic
compounds [6]. Palmroth et a [7]
studied the metal contamination of
hydrocarbon soil and the action of
phytoremediation processes on the
resdual levels of heavy metals in
soils. The heavy metal determination
studies are important for the
assessment of  mobility and
bioavailability of metals in soils. For
leed the dsignificance of the
determination comes from the fact
that it can pose sSignificant
groundwater or ecological risks in

the environment. In lead
contaminated soils, biota and
vegetation influence the

transformations of lead together with
environmental parameters such as
soil pH and organic matter content

[8]. Further, heavy metals cannot be
biodegraded, but persist indefinitely,
complicating the remediation of
contaminated soils. Vanadium and
nicke in dust fall can be used as
indicators of power plant pollution
[9].

The purpose of the present work isto
study the distribution of V, Ni and Pb
and the possibility of penetration
through the soil of Daura Refinery.
The graphite furnace atomic
absorption spectrophotometry will be
utilized for the determination of the
metal concentrations in the soil of
Daura refinery site. Various solvent
systems were employed to recover
these metals from soil samples.
Experimental

Apparatus

All AAS measurements were carried
out using a Shimadzu AA 640
flameless atomic absorption
spectrophotometer (Shimadzu
Scientific Instruments, Kyoto, Japan)
equipped with a graphite furnace
atomizer. The experimental
conditions of the ETA AASfor V, Ni
and Pb aregivenin Table 1.
Materials and Chemicals

The atomic absorption standard
solutions were supplied from Merck,
Germany). The CaCl, and acetic acid
were analytical grade reagents from
BDH, England). Nitric acid and
ethylenediamintetraacetic  acid  di-
sodium salt  (Na-EDTA) were
supplied from  Reidel-Dehaene,
Germany. All dilutions and working
solution were done with deionized
distilled water.

Four solutions were prepared for the
extraction of metals from sail,
namely: 0.01 M CaCl,; 0.11 M acetic
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acid; 0.5 M nitric acid and 0.02 M
ethylenediamintetraacetic  acid  di-
sodium salt (Na-EDTA) [11]. Acetic
acid extraction took the longest time
interval (16 hr). After the extraction,
the soil solvent mixture is allowed to
cool and stand for 15-30 min and
filtered and transferred quantitatively
into 100-ml volumetric flask and
completed with distilled water.
Sampling Plan

Soil samples were collected from
various locations of the site. The
most acceptable practices [10] were
applied during the sampling process
to ensure that the sample is
representative and undergo the least
contamination in an area of sail.
Surface and deep soil samples were
collected from specific locations of
potential pollution. The distribution
of the soil sample locations is
schematically shown in Fig. 1.
Results And Discussion
Optimization of Atomic Absorption
(AA) Conditions:

The composition of the various
extracts, however, differs from the
composition of the standard solutions
and hence some experiments were
carried out to assess the effect of the
matrix on the AA signals of V, Ni
and Pb. Vanadium  requires
relatively high atomization
temperatures and hence any expected
interfference from the matrix is
inferior. This is in agreement with
the results of Barbooti and Jasim
[12]. For the Pb atomization, where
the relatively high volatility of the
element does not necessitate the
application of high tempe-ratures, no
serious  interferences  could be
obtained from either of acetic acid or

EDTA solutions. Meanwhile,
considerable interference from CaCl,
was expected and hence matrix
modifier addition [13] was necessary
to overcome the simultaneous
volatilization of the salt with the Pb
atoms.

Major Contamination Sources:

The contamination of soil with
hydrocarbons and heavy metals are
the results of many operations in the
refinery.  Firstly, the periodical
cleaning of storage tank bottoms and
the spread of the cleaning products
on soil is another contributor in the
pollution. Secondly, the water mixed
with oils from many leaks in the
piping and pumps of the steam were
noticed on the floor of the kerosene
improvement unit. Thirdly, the
periodical cleaning of heat bundles to
remove accumulations of scales leads
to sludge and heavy oily residues.
The oily wastewater is also generated
during heat exchanger cleaning.
Further, some temporary solutions
for the loading or addition of
additives have  environmental
drawbacks as they leak and the fluids
are directed to the main steams and
channels in their way to the
wastewater treatment system.

Over an area of more than 1500 sg m
there located the TEL addition unit.
Theareais characterized by the smell
of apple juice which is indicative of
TEL pollution in the air and soil. The
whole area is abandoned currently
and negotiations are continued with
the authorities of the Ministry of
Environment to agree on a regular
dumping site to move away an old
TEL tank in the location. The tank
has some defects and holes and
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frequently repaired locally with wood
pieces. Soil sample around this
abandoned tank was taken at surface
and down to a depth of 30 cm.

The four extraction media employed
represent various leaching power and
avoid destruction of the soil structure
by acting on the added heavy metals
and not on the compositional heavy
metals. The trace metal
concentrations of the soil samples are
listed in Figs 2 -4 for comparison.
Heavy metal Pallution

In recent years, the trend has been to
express heavy-metal levels in soils as
plant- or potentially plant-available
metal levels [14-16] rather than
“total” concentrations. This implies
that “weaker” extractants or chelating
agents be used in heavy-metal
studies. The EDTA, in either the di-
sodium or di-ammonium salt form,
has been used extensively in a host of
studies as an extractant of potentially
plant-available heavy metals. In
sometrials, EDTA was found to give
a vey good indication of the
pollution hazard of heavy metals in
soils as well as being a rdiable test
for predicting plant-available metals
[16, 17]. Neutral salt extractants are
generally weaker extractants than
EDTA and give an indication of the
immediately exchangeable (therefore
immediately plant-available) metals.
Examples of such extractants are
BaC|2, NH4N03, NH,-Acetate
buffered at pH 7, and more. van der
Waals et al [18] reported an increase
in metal extractability after liming of
sacrificial sewage sludge disposal
soils. Panichev et al [19] used 0.1
Na,COs;, solution for the extraction
of V from soil and got a limit of

detection 0.2 ng g . They concluded
that considerable amount  of
vanadium (about 50%) in soils and
plantsis present as V (V) species.

The vanadium contents of refinery
soil were ranging between 0.01
mg/Kg at a depth of 30 cm between
the API tank and the cooling tower
and 0.37 mg/Kg near the slope tanks.
For Ni, the range was between 0.06
mg/K g under the pipes, i. e, partialy
protected from deposition and fall
outs and 4.5 mg/Kg (near the flare)
surface sample. For Pb, the range of
concentration was 0.025 mg/Kg near
the cooling towers which is almost
the farthest point from the TEL
feeding unit to 22.5 mg/Kg in the
surface soil by the TEL tank (the
center of Pb in therefinery).

It is clear that the EDTA extracts
gave the highest metal concentrations
for a single sample. This reflects the
high extraction capacity of EDTA in
comparison with the other three
solutions and hence the high
complexing power of EDTA. For
vanadium and nickel, and although
their origin is mostly the
organometallic  (porphyrinic  and
nonporphyrinic) [5, 6], they exhibited
concentrations that are close to each
other regardless the nature of the
extractant. The high extracting ability
of EDTA did not improve the
measured concentrations
significantly indicating their
availability and in the same time the
low levels. However, the soil
contains  metabolically  diverse
bacteria and viable hydrocarbon-
degrading microbiota [7, 20] that
could degrade hydrocarbons
supported by the long time exposure

PDF created with pdfFactory Pro trial version www.pdffactory.com



Eng.& Tech. Journal ,Vol.28, No.1,2010

Electro Thermal Atomic Absorption
Spectrophotometric Determination of
Vanadium, Nickel And Lead In
Hydrocar bon Paolluted Soils

to sun shine and raining seasons over
decades. Thus, vanadium and nickel
are present mostly as simple
inorganic  species  that  avall
themselves to extraction even for the
weak extractants [8].

It is clear that the vanadium contents
of surface soil are aways greater
than the deep soil indicating very
slow migration of vanadium through
the soil layers. With the exception of
location 4, it is clear that the nickel
contents of surface soil are always
greater than the deep soil indicating
very dow migration of nicke
through the soil layers. However,
organometallic V and Ni are
insoluble in water [5] and hence the
migration into deep soil will be a
property of inorganic forms of these
metals to be able to be transported
with  water. Meanwhile,  the
penetration of lead contamination
seems easier than V and Ni as some
of the surface samples has greater Pb
contents than the surface soil. This
can aso be attributed to the use of
other anti-knock compounds in the
Daura refinery since 2002, i.e, no
new emission of tetraethyl-lead from
the gasoline improvement unit.

The overall conclusion from the
rdatively low metal  contents
determined by these analyses can
best be represented by the partial
extraction of these metals and that
the organometallic nature is partially
retained. Purely inorganic
extractants like CaCl, and HNO; at
the dilution employed, only partially
attack the organometallic bonds and
hence the heavy meta levds
determined stands far behind the
petroleum hydrocarbon content of the

soils studied. In conclusion, the
heavy metal pollution is not a
significant casein the Daura site.
Conclusions

From the above practical study, it can
be concluded that heavy metals are
available even for the weakest
extracting solvent. This was an
indication on the nature of the V, Ni
and Pb, where they are in inorganic
forms due to the degradation by the
microorganisms of the soil and aided
by dozens of raining seasons and
severe hot summers of Irag. However
the soil keeps some of the heavy
metals in the original organo-metallic
nature which resulted in only partial
extraction of these metals with the
solutions employed. Thus, the danger
from these metals is limited due to
their insolubility in water. TheV and
Ni concentrations at the deep soil
samples were less than that of the
surface samples in most locations.
Meanwhile, the penetration of lead
contamination seems easier than V
and Ni.

References

[1]. Bruins, M.R., Kapil, S., Oehme,
F.W., Microbial resistance to metals
in the environment., Ecotoxicol and
Environ Safety 45 (2000) 198-207.
[2]. Nies, D.H., Microbia heavy-
metal resistance. Appl Microbiol
Biotechnol 51 (1999) 730-750.

[3]. Nippon QOil Corp. and Nippon
Petroleum Refining Co., Ltd,
“Environmental Report 2002”.
[4].Environmental Procedures Manual
M 31-11.01, April 2007, Chap. 447,
P. 23.

[5]. Zaki, N. S.; Barbooti, M. M.;
Baha-Uddin, S. S. And Hassan, E.
B., “Determination of Trace Metals

PDF created with pdfFactory Pro trial version www.pdffactory.com




Eng.& Tech. Journal ,Vol.28, No.1,2010

Electro Thermal Atomic Absorption
Spectrophotometric Determination of
Vanadium, Nickel And Lead In
Hydrocar bon Paolluted Soils

and Their Distribution in Heavy
Crude Oil Distillates (350+) By
Atomic Absorption Spectro-
photometry”, Appl. Spectrosc., 43
(1989) 1257.

[6]. Barbooti; M. M.; Said, E. Z,;
Hassan, E. B. and Abdul-Ridha, S.
M., “Separation and
Spectrophotometric Investigations of
the Distribution on Nickd and
Vanadium in Heavy Crude Qils’,
Fue, 68 (1989) 84 — 87

[7]. Palmroth, M.R.T., Koskinen,
P.E.P., Pichtd, J., Vagasaari, K.,
Joutti, A., 4, Tuula A. Tuhkanenl and
Jaakko A. Puhakkal, “Field-Scale
Assessment of Phytotreatment of Soil
Contaminated  with  Weathered
Hydrocarbons and Heavy Metals, J
Soils Sediments, 9 (2006) 1-9.

[8]. Turpenen, R., “Interactions
between metals, microbes and plants
— Bioremediation of As and Pb

contaminated soils’, Acad. Dissert,
Univ. Helsinki, May 17th 2002.

[9]. Ganor, E., Altshuller, S., Foner,
H. A., Brenner, S. and Gabbay, J.,
“Vanadium and nickel in dustfall
as indicators of power plant
pollution”, Water, Air, & Sail
Pollution, 42 (1988) No. 3-4.

[10]. IAEA, “Soil Sampling for

environmental contaminants”,

TECDOC-1415, Oct 2004.

[11]. Meers, E; Du Laing, G;

Unamuno, A Ruttens, A,

Vangronsveld, J; Tack, FM.G. and

Verloo, M. G., “Comparison of

cadmium extractability from soils by

commonly used single extraction

protocols, Geoderma, 141 (2007)
247-259.

[12]. Barbooti, M. M. And Jasim, F.,
“Electrothermal Atomic Absorption
Spectrometric  Determination  of
Vanadium”, Talanta, 29 (1982) 107.

[13]. Harvey, D., “Modern Analytical
Chemistry”, McGraw Hill, Boston,
2000, P 420.

[14]. Hauser, L.; Tandy, S; Schulin,
R.; Nowack, B., “Column Extraction
of Heavy Metals from Soils Using
the Biodegradable Chelating Agent
EDDS”, Environ. Sci. Technol., 39
(2005) 6819-6824

[15]. Beckeit, P.H.T., “The use of
extractants in studies on trace metals
in sails, sewage sludges, and sludge
treated soils’, In: Stewart, B. A.
(ed.), Advancesin Soil Science. Vol.
9. Springer-Verlag, New York, 1989,
pp 143-176.

[16]. Mclaughlin, M.J., Zarcinas, B.
A., Stevens, D. P. and Cook, N., Sail
testing for heavy metals. Commun.
Soil Sci. Plant Anal., 31 (2000)
1661-1700.

[17]. Hooda, P.S, Mcnulty, D.,
Alloway, B. J. and Aitken, M.N.,
“Plant availability of heavy metalsin
soils previously amended with heavy
applications of sewage sludge”’, J.
Sci. Food Agric. 73 (1997) 446- 454.
[18]. Cajuste, L. J. and Laird, R. J.,
The reationship between phyto-
availability and the extractability of
heavy metals in contaminated soils.
in: I skandar, . K. (ed)
Environmental Restoration of
Metals- Contaminated Soils. Lewis
Publishers, Boca Raton, Florida,
2000, 189-198.

PDF created with pdfFactory Pro trial version www.pdffactory.com



Eng.& Tech. Journal ,Vol.28, No.1,2010

Electro Thermal Atomic Absorption
Spectrophotometric Determination of
Vanadium, Nickel And Lead In
Hydrocar bon Paolluted Soils

[19]. van der Waals, J. H.; Snyman,
H. G. and Claassens, A. S., Water
South Africa, 31 (2005) 271-273

[20]. Panichev, N., Mandiwana, K.,
Moema, D, Molatlhegi, R. and
Ngobeni, P., “Distribution  of
vanadium(V) species between sail
and plants in the vicinity of

vanadium mine”’, Analytica Chimica
Acta, 26 (2004) 201-206.

[21]. Ikechukwu, N. and Onwurah,
E., “Role of diazotrophic bacteria in

the bioremediation of crude oil-
polluted soil”, J. Chem. Technol.

Biotechnal., 74(1999) 957-964.

Table (1) The Experimental Conditions Of The Eta Aas For V, Ni And Pb.

Par ameter V Ni Pb
Wavelength, nm 318.5 232.0 217.0
Lamp Current, mA 8 6 5
Drying Time, s 40 40 50
Drying Temperature, °C 105 105 105
Ashing Time, s 25 30 30
Ashing Temperature, °C 1100 750 450
Atomize Time, s 5 4 5
Atomize Temperature, °C 2550 2300 1900
Range of Standard Solutions, mg/L 05-5 02-2 0.1-0.6
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Table (2) Heavy Metal Contents of Soil Samples

No. Description Metal Contents, mg/kg
V Ni Pb
1 Center of Waste accumulation lagoons 0.1 0.16; 0.2
2 Center of Waste accumulation lagoons 0.1 0.14 0.32
3 Center of Waste accumulation lagoons 0.1 0.175 0.28
4 Center of Waste accumulation lagoons 0.1 0.65 | 0.275
5 New proj ect 0.14 1.480 0.96
6 Between dop tanksand the CT 0.37 0.14, 0.025
7 R.O Chlorine pumps, chamber 0.55 0.21 1.5
8 R.O Chlorine pumps, chamber, 3 m far from 0.05 21 175
surface sample
9 Near theflare, 0.1 4.5 2.5
10 Near theflare, 0.1 0.33 0.25
11 By the burnt tank, naphtha 2113 0.06 1.06 | 0.085
12 fireresidue around Tank 2113 0.04 0.72; 0.045
13 25 m distant from burnt tank 2113 0.11 0.48 0.6
14 ar ea between tanks and war ehouses 0.31 0.23 0.12
15 Near strategic tank 2101, crude oil 0.17 0.58 0.65
16 3m distant from Tank 2100 cr ude oil 0.21 0.35; 0.07
17 tank 2110 0.09 0.11 0.08
18 Pipeline between new project and main street 0.05 0.06 0.11
(Storage tanksside
19 Between sub-surfaceroom and CT 0.05 0.15 [ 0.385
20 Near furfural tank 058 0.21 1.67;
21 Tank 2114, depth 0.14 0.55 1.70
22 Tank 2114 0.21 1.75 1.70
23 Near discarded TEL tank 0.17 0.36; 225
24 Between API tanksand the CT 0.12 0.4 14
25 Between tanksand theslop CT 0.1 0.29; 9.5
26 Between API tank and and CT 0.01 0.03 | 0.053
27 Main street between ENGECO and CT 0.07 0.75 2.75
28 Main street between ENGECO and CT 0.05 047 | 1.245
29 Areanear therectangular basin and (CT) 0.1 0.34 | 14.25
30 Areanear therectangular basin and (CT) 0.14 0.335 1.86
31 Subsurface RO pumps chamber, Near outer fence 0.05 0.65 6.5
by theriver
32 | Subsurface RO pumpschamber, Near outer fence 0.02 0.08 0.35
by theriver
33 Grasses, 0.01 0.02 0.04
34 Soil around the Guard Room by the Flare 0.2 0.43 0.06
35 By the MEK Barrels 0.05 10.1 0.61
36 By the MEK Tank 0.13 0.05 0.04
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Figure (1) Thedistribution of the soil samplelocationsis schematically

1. Gate, 2 The Garden near the head quarter ; 3 Outer gate near fence; 4 Near old
warehouse ; 5 Lube 1, opposite new boiler, 6 Opposite to asphalt loading ; 7 Opposite
Wax plant ; 8 Near railways; 9 Near railway gate; 10 Lube 2, ; 11 Opposite to TEL
unit ; 12 Near the new project ; 13 Rear of main building of light oils; 14 Opposite the
gasoline improvement furnaces; 15 Opposite to Tank 2148 ; 16 Opposite to vacuum
distillation, Lube 3 ; 17 Lube 3, Furfural Unit ; 18 Energy Dept. 2, opposite boiler 10;
19 MEK Dept ; 20 Gate door near Japanese unit ; 21 Eastern fence, near APl basin of
Lube; 22 North, Opposite to API basins; 23 Opposite war ehouse of safety and fire
Dept. ; 24 Wastewater dept near sudge incinerator ; 25 Gate 6 by the flare; 26 North
east of flare; 27 Chemicalsarea; 28 Above ground storage tanks
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Figure (2) Comparison between the Nickel extraction by EDTA and other
solvents. Black shed refersto EDTA and Grey to other extractants.
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Figure (3) Comparison between the vanadium extraction by EDTA and
other solvents, Black shed refersto EDTA and Grey to other extractants.
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Figure (4) Comparison between the lead extraction by EDTA and other
solvents. black shed refersto EDTA and Grey to other extractants.
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