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Trace metals in crude oils and beach tars from Nigerian coastline
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Concentrations of six metals (Pb, V, Ni, Fe, Mn and Cu) in Nigerian crude oils and beach tars (tar balls)
were studied. The metal concentrations were generally higher in tar balls than in the crude oils. Vanadium was
most abundant metal in both, whereas manganesc and lead were the least abundant metals in the tar and oils
respectively. Application of metal ratios especially V/Ni and V/Ni + V ratios, for tentative source
identification indicates that the beach tar originates from a reducing environment (high V/Nx}and less mature

(high V/Ni + V) than the reference oil samples.

Petroleum is biogenic in origin and consists primarily
of hydrocarbons and non-hydrocarbon compounds
in addition to trace but quantifiable level of many
metals!-2.

Although the magnitudes of metal concentrations
may differ remarkably due to metal adsorption or loss
during tar (tar ball) formation and transportation.
their respective concentration ratios are utilised for
the maturity assessment of crude oils and
asphaltenes®**. Information is available on the trace
metal contents of oils, asphaltenes and solid bitumens
from other parts of the world*®'%, but information on
metal contents of Nigerian oils, asphaltenes and
shales”"® is limited. This paper reports concentration
of heavy metals in Nigerian crude oils and beach tars
and also attempts to establish the source of the tars.

Materials and Methods

Ten- crude oil samples, supplied by Nigerian
National Petroleum Corporation (NNPC), Lagos
were collected from Qua Iboe offshore oil wells
(Fig. 1) in glass bottles. The sampling technique,
quantification and preliminary treatment of tar balls
is carried out as described previously'®.

Standard solutions for calibration curves were
made with THF/H,0 mixture using appropriate salts
of the metals (Pb, V, Ni, Fe, Mn and Cu). Metal
concentrations were thereafter measured with
atomic absorption spectrophotometer (Perkin
Elmer Model 2380). The AAS measurements were
performed in duplicate on each sample. The
coefficients of variation (CV) for the AAS technique

was 6.3, 8.0,5.6,4.2, 3.2 and 5.0% for Pb, V, Ni, Fe,
Mn and Cu respectlvely and the detection limit was
0.01 ppm.

Results and Discussion

Metal contents in the crude oils and tar balls
analysed is given'in Tables 1 and 2. The concentration
of metals ranged from 0.01-69.44 ppm and 0.02-1.30
ppm for the tar balls and oils respectively. The metal
concentrations obtained for the samples varied
greatly. V and Ni were most. dominant in the oils
whereas V and Fe were dominant in the tar balls. The
metals distribution pattern followed the sequence:
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Fig. 1—The location map of Qua Iboe oil platforms where oil
samples were collected (QIT: Qua Iboe Terminal)
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Table 1—Metal contents in each crude oil and tar ball

Qil Qua Iboe crudes Tar balls
well

Conc. Most Least Tar Conc. Most Least

range abundant  abundant sample range (ppm) abundant abundant

(ppm) metal metal : metal metal
Untue - 0.02-0.78 \% Pb, Mn TB. 11 0.06-4.0 \% Mn
Ubit 0.03-1.0 v Pb TB. 21 0.08-4.68 v Mn
Enang 0.06-1.10 \' Mn, Cu, Pb TB. 33 0.03-4.57 - A\’ Mn
lyak 5A 0.03-0.75 v Cu TB. 42 0.02-3.38 v Mn
Iyak 6A 0.03-0.65 v Mn, Cu, Pb TB, 56 0.11-7.18 v Mn
Unam 0.02-1.0 v Pb TB. 68 0.08-1.68 v Mn
Iyak 9A 0.05-1.2 \Y Mn TB. 74 0.01-13.18 \'% Ni
Idoho 2A 0.05-1.2 \Y% Cu, Pb TB. 81 0.07-32.79 v Mn
Idoho 6A 0.07-1.3 \' Pb TB. 90 - 0.04-69.44 v Mn
Ekpe. 0.03-1.06 v Pb TB. 111 0.02-46.0 Vv Ni

tar balls: ¥V > Fe > . Pb > Ni > Cu > Mn
crude oils: V> Ni > Fe > Mn > Cu > Pb

Metal contents of the oils were generally low. This
observation is similar to the report made from the
study of several crudes from Kuwait, Suez, North
Sea, China, Indonesia and Gippsland Basin where V
and Ni were the most abundant metals®. In crude oils,
Ni and V are thought to exist predominantly as
porphyrin complexes which in turn are mamly
derived from chlorophyll precursors?.

The metal levels in the tar balls indicate that an
enhanced concentration of V occurs both in absolute
quantities and relative to the amount of other metals
in the tar samples (Table 2). Vanadium concentration
varied greatly. The wide scattering of the data is
attributed to sorption processes of the metal from
seawater during mixing and to anthropogenic
additions probably from different oil tanker ballast
waters at high sea®. These processes also contribute to
the slightly elevated concentrations of Fe and Pb thaii
Ni. Seawater have been reported to contain higher
concentration of Fe and Pb than Ni!l.

In maturity assessment of petroleum and
petroleum products, metal ratios rather than
absolute concentrations.of specific metals are used+.
It has been shown that Ni/C ratios appear to vary
directly with aromatisation and inversely with H/C
ratios in solid bitumen, either due to rank level or solid
induced factors3. In this report, V/Niand V/Ni + V
concentration ratios are used as maturity-dependent
parameters in assessing the Nigerian crude oils and
defining the source of the tar balls (Table 3). The data
show that a remarkable difference exists in V/Ni
ratios of the oils and those of tars. While the ratios for
the oils were persistently low, V/Ni ratios for the tar
balls were comparatively high (range: 1.59-4.61 and
20-3000 respectively). The hlgh V/Ni ratios for the tar

Table 2—Spcciﬁc metal contents in Qua crude oils and tar balls

Metal Qua Iboe crudes Tar balis
conc. range conc. range
(pptn) (ppm)
Pb 0.02-0.07 0.63-1.70
Ni 0.20-0.82 0.15-0.66
\4 0.65-1.30 1.69-69.44
Fe 0.20-0.42 0.30-1.99
Mn 0.02-0.10 0.06-0.28
Cu 0.05-0.08 0.13-0.39

balls is indicativc of a rcducing cnvironment as the
possible source of the tars. Similar observation was
made for beach tars collected along the coast of
Texas!?,

Distribution of V/Ni + V ratios in the tars gave a
unique pattern and the values observed were always
higher than the corresponding ratios for the crude
oils. Relatively very high values for V compared to Ni
are reflected in the V/Ni + V ratios becoming unity,
intlicating that some of the tar balls had pronounced
enrichment from the above mentioned processes or
related processes. This is similar to the observation
made for pelagic tars from the Gulf of Mexicol3
where V/Ni + V concentration ratio was 0.79-0.93
(present study 0.95-1.0). The noticeable variation in
the corresponding ratios for the crude oils is an
indication of the different families to which the oils
belong. The Nigerian oils studied were all
medium-gravity oils ("API gravity: 23-39.6°) based
on the recent classification of crude oils?¢. The
V/Ni + V ratios decreased with increasing API
gravity of the oils indicating that the slightly heavier
oils cantain a higher percentage of V than the higher
oils, This difference in sequence is expected since API
gravity can be altered during biodegradation process
depending on the reservoir temperature!$+16,

Other metal ratios such as Fe/Ni, V/Cu, V/Pband
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Table 3-—Ratio of some metals in oils and tar balls
Qil ViNi Fe/Ni ViCu Ni/Cu V/Pb Fe/Cu Fe/Mn ViNi+V) Tar API*
wells . sample  gravity

cO T8 CO T™B CO T8 CO TB CcCOo TB COTB CO TB cCO TB nos.

Utue 5.8 306087 18 3787 333 12199 667084 588 27.18 667147 50 274 083 1.00 TB.I ——
Ubit 4.55 496.82 095 2398 200 10822 44 022 33332117 42 522 78 181 082 1.60 TB2 210
Enang 3167 4295 120 348 1833 1310 50 030 1833 322 60 105 60 495 079 098 7TB3I3 - 306
Iyak 5A 375 1524 L1 6.03 250 3438 667023 1875722 733136 55 287 079 099 TB42 —-
Iyak 6A 295 169.15 091 19.05 21.67 13.53 7.53008 2167 421 667152 67 418 075099 TB.56 -
Uname 5.52 1780.5 0.97 S1.08 268 1984 10.330.13 390 47.50 100 569 150 976 0.72 1.00 TB.68 37.7
Iyak 9A 2,35 68.33 071 726 200 5562 85 081 20 653 60 591 72 60 0.70 0.99 TB.74 -
Idoho 2A 2.8 20.59 0.50 14.17 240 635 1.2 031 240 1.06 60 437 375968 067 095 TBSI (34.7)**
1doho 6A 1.59 1318.0 . 0.51 1283 1625 3923 10.250.03 18.57 855 525382 42 742 061 100 TBI8 38.8
Fkpe 4.61 72.69 087 545 265 1020 575014 3533 498 50 077 25 325 (0.82)099 TB.11 " 396
CO Crude oil; TB Tar balls; *API Gravity-values supplied by Mobil Producing Nigeria Company PLC
** Values in parentheses are abnormal
Fe/Mn were computed to establish the relationship  Acknowledgement ‘
or similarity if any between the crude oils and tar balls Authors thank ‘Dr. E. E. Antai, Institute of

analysed. The observed values showed no indications
of similarity as the concentration ratios werc
distinctly different from each other (Table 3). The
metal ratios for the tar balls were almost always
higher than thosc for the oil samples.

Metals in environmental hydrocarbon samples are
useful tools in source-correlation studies or source
identification of the pollutants (tar balls). The
difference observed  between the  metal
concentrations of the oils and tar balls suggest
different sources for the two samples. The enrichment
of metals in tar (V, Fe and Pb), though minimal
indicates addition from externy) source. The
magnitudes of V/Niand V/Ni + V ratios depict that
both samples have dissimilar chemical composition.
A lower. V/Ni ratio for the oils is indicative of an
oxidising depositional = environment, with a
comparatively higher maturity than the tar balls.
Molecular characterisation of the samples show that
the tar balls have lower methyl phenanthrene index
(MPI) ratio (0.73-0.78, less mature} than the crude
0ils'% (1-1.1). This supports the earlier observation
from tHe V/Ni ratio for the tars (Table 3). This finding,

in combination with the sampling history for the tar

balls suggest that the beach tars had travelled long
distances (foreign origin) and must have been
transported to the shore by the mterplay of
oceanographic factors.

Oceanography, University of Calabar and Prof. §.0.
Ajayi, University of Ibadan, Nigeria for their useful
criticisms and to NNPC and Mobil Producing
Nigeria PLC for supplying the oil samples.
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