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Abstract

ASTM D-270 method was applied in obtaining well-head crude oil samples from Awoba 8T
(Rivers State), Odidi 23L, and Odidi 46S (Delta State), Eremor 1L (Bayelsa State) and Oily
Seepage samples from Ugwueme (Enugu State) and Anam (Anambra State). The?API gravity
value of all the samples were 16.19° and 21.47° for Ugwueme seepage and Eremorcrude
respectively, 22.47° for Odidi 46s crudeand 44.70°, 43.84° and 34.76° for Anam seepage, Awoba
8t and Odidi 23L crudesrespectively, indicating heavy, medium and light crude oils respectively.
All the well-head crudes and oily seepage samples studied in this work are onshore samples
except Odidi 46s which is an offshore crude sample. The samples were subjected to liquid-liquid
extraction using a mixture of n-hexane and dichloromethane (3:1). The extracted fractions were
analyzed using GC-FID. The result of the analyses gave polycyclic aromatic hydrocarbons
(PAHSs) concentrations (mg/kg) of 7106.43 for Awoba 8T crude, 6767.41 for Odidi 23L crude,
5771.20 for Odidi 46S crude, 5191.21 for Eremor crude, 4908.04 for Ugwueme Seepage and
6983.16 for Anam seepage. The predominance of low molecular weight PAHs (LMWPs) over
the high molecular weight PAHs (HMWPs) indicate that both the crude oil samples and the oily
seepage samples were of Petrogenic Source. However, various ratios were obtained to identify
the possible source of PAHSs in the crude oil and seepage samples. Mixed sources of pyrogenic
and petrogenic PAHSs were also discovered with evidence of ‘pyrolytic’ input which may suggest
some geothermal-mediated processes.

Keywords: South-South, South-Eastern, Polycyclic aromatic hydrocarbon, oily Seepage, well-
head, LMWPs, HMWPs, Petrogenic, pyrogenic, onshore and offshore.

Introduction from either natural and/or anthropogenic

Crude oil is a complex compound made up
of more than 17000hydrocarbon [1].The
physical and chemical properties of crude
oils vary from one oil location to another
[2].Among the constituents of crude oil are a
group of hydrocarbons known as polycyclic
aromatic hydrocarbons (PAHs)PAHSs are a
category of compounds made up of two or
more fused aromatic rings [3]. They are
well-known, very toxic and persistent
contaminants in food samples and in the
environment [4, 5].PAHs mostly originate

combustion processes [4].Pyrogenic and
petrogenic PAHs sources are classified as
being anthropogenic [6, 7].For monitoring
purposes, the US Environmental Protection
Agency came up with a list of 16
unsubstituted PAHs that are on a priority
pollutant list. These PAHs are usually
termed the EPA 16 PAHs (Figure 1) and are
the PAHs most commonly analyzed for [8,
3].
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Anthracenc

The concentration of these 16 PAHSs, and the
ratios between the various compounds differ
from oil to oil [9, 10]. These 16 PAHSs can
be grouped into low molecular weight
polycyclic aromatic hydrocarbons (LMWPS)
and high  molecular weight PAHS
(HMWPs).Prolonged exposure to LMWPs
leads to adverse health effects owing to their
toxicity, carcinogenicity and mutagenicity
[11,12]. While HMWPs are of significant
concern because of their toxic properties as
well as their bioaccumulation in organic
tissues owing also to their lipophilic
character [6, 7]. PAHs of pyrogenic origin
are the HMWPs having 4-6 rings
[13].Nevertheless, the petrogenicPAHs are
comprised of the alkyl-substitutedPAHs and
are made up of 2-3 rings and hence are of
the low molecular weight class. PAHs have
and are constantly entering the environment
naturally through oil seeps [14, 15]. Natural
seeps take place when liquid and gaseous
hydrocarbons (Crude oil) usually trapped
under a layer of rock, finds a pathway to the
earth surface as it leaks out of the ground
[16].PAHs are among one of the most toxic
and ubiquitous environmental pollutants in
this part of the world yet information on

Benzolblfluoranthene
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Fig. 1. Most commonly analyzed PAHs: US. EPA 16 PAHSs [8].

PAHSs characteristics of most of the crude
types, is limited. The majority of the former
environmental toxicological studies on crude
oil have focused on TPH, BTEX, and heavy
metals. However, toxicological studies rank
PAHs above the other parameters.
Comparative studies of the physicochemical;
properties of the Niger Delta well-head
crudes and South-Eastern seepage samples
as done in this work hitherto constitute a
worrying literature gap. This study was
therefore designed to profile PAHs, provide
information on some brands of well-head
Niger Delta crude oils and South-Eastern
oily seepages of Nigeria and then do a
comparative study of the well-head Niger
Delta crude oil and South-Eastern oily
seepage sample in other to ascertain if the
seepages are crude oil.

Materials and methods.

Sample areas: In this work, a total of four
Nigerian well head crude oils from South-
South region and two oilyseepage from
South-Eastern region of Nigeria were
studied. The map indicating these locations
are as shown in fig 2a and 2b while table 2a
show the summary of the sample area.
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Table 1: Summary of the sample source locations of south-eastern and south-south well head crudes.

S/No | Sample locations States

Odidi 46s (Offshore) Delta

Odidi 23L (Onshore) Delta

Awoba 8t (Onshore) Porthacourt

Eremor 1L (Onshore) Bayelsa

Ugwueme from Awgu Enugu

o O B W™
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Fig. 2a: Map of south- south region of Nigeria, showing sampling area of well-head crudes.

6°200"E 6°40'0"E 7°0'0"E 7°20'0"E 7°40'0"E
F
s
S N g
N E Ezik
~ ) JEnugu-Ezike g
\ W > —F
“Odoru .Obollo > v
. ;
£ " Nsukka Ena-Ndiaguos 1 =
S S oy * |/ Eha-Aundha ) 5
2 [Omor Nkpologu /" ® Tkem =4
= 'A.n‘aku . Aauay J ~
. Nand Ukehe | GJUkana ¢ ‘ ‘ P
/ - lando - .A'«‘é S I‘
\
~Anamos 3 Owa Ernezu
z ** | Aguleri - g_ENUGU . Ezzag yimag =
2 Nzugbs' | — . -
S o 5
g . Umumbd‘ .Agbanl ANy .Ngbu - oA g
pokza Uriiohara
C o Awka U by AmakaLki
- ™ | Eyingba
= v/ \ .Okposi J . =
2 i/ \ L 2
g. ,\j‘.'Onllsha K T.ljl-l:lvwl "Meos 2 , .Okpuitlmo &
° o\ '\ 2
A / V\ __Nobi JUfuma- / Ndeabor \ S
fogha-Etim ‘ ’ ' /Amaseri -
\ / - Akaeze &/
/ - ‘ fikpo_ .~ \ j
- [ Jhiala \ _*Eddags 4 -
2 1> | Uwana s Legend
3 \* t % Oil Seepage
®  Town
State Boundry
0 125 25 50 75 100
—-— -_— I — T Major Roads
z 1:250,000 Major Rivers
=4
2
Q
in - - - . . o
6°20°0"E 6°40'0"E 7°0'0"E 7°20'0"E 7°40'0"E

Fig. 2b: Map of south- east region of Nigeria, showing sampling area of oily seepages.
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Sample collection

Sample collection was done by applying the
ASTM D-270 standard sampling procedure by
Ghulam, 2013.

Physical properties

The physical properties were determined by
applying the ASTM standard methods. For the API
gravity and density (ASTM 1298-95), viscosity
(ASTM D 445) and pour point (ASTM D 97/IP15)
while for the, moisture content the themo-
gravimetric approach was adopted.

Chemical properties

PAH Extraction

The Polycyclic aromatic hydrocarbons for all the
samples were extracted by employing the modified
methods of ASTM D3326 and ASTM 3415.
GC-FID Analysis

The extracted PAHs from the well head crude oil
samples and oil seepage samples were analyzed by
means of GC: HP 6890 powered with HP chem.
Station Rev. a 09.01 [1206] software.

Column type: HP-1

Detector: FID analyzer.

Results and discussion

PAHs has been analyzed in four well-head crude
samples, namely: Awoba 8t crude (onshore), Odidi
23L Crude (onshore), Odidi 46s crude (offshore),
Eremor crude (onshore) and 2 oily seepage
samples: Anam seepage (onshore) and Ugwueme
seepage (onshore).

The results of the physical parameters and the
concentration of PAHs in the samples are as
presented in Table 2 and 3 respectively. The results
of the physical parameters in the samples are
comparable and these results are presented along
with published specifications for light and heavy
crude oil. The densities of Anam seepage, Awoba
8t crude, and Odidi 23L with respective values of
0.79 g/ml, 0,80g/ml and 0.85 g/ml fall within the
range of 0.78-0.88 g/ml listed for light crude oils
while the density of the samples from Odidi 46s,
Eremor 1L and Ugwueme seepage with values (in
g/ml) 0f0.91, 0.92, and 0.92 respectively falls
within the range of 0.88 g/ml to 1.00 g/ml of crude
oils designated as heavy. The density values
recorded for these study samples are similar and
agree with density values reported by several
authors [17, 18].

The API gravity, for the crude oil and oily seepage
samples ranged from 16.19° to 44.70° (Table 3).
The degree API of crude oils, in general, range
from <10° to >45°. API gravity >45° falls within
the range of very light crude oil [19]. API gravity
between 31.1° to 45° falls within the “light crude”
category [19 20], API gravity between 22.2°to
31.1° falls within the medium crudes [19 20].°API
gravity less than 22.2° t010° falls within the heavy
crude oil [21]and °API gravity less than 10° falls
within the extra heavy crude oil also referred to as
bitumen [20]. Therefore, Anam seepage, Awoba 8t
and Odidi 23Lcrudes which are all onshore
samples had respective APl values of 44.70°,
43.84° and 34.76°, therefore they are classified as
light crude oils’ however, the crude oil sample
from Odidi 46s (offshore) with an API value of
22.47°is classified as medium crude oil, finally
Eremor 8t crude and Ugwueme seepage (both
onshore) with respective API values of 21.47° and
16.19°are classed as heavy crude. This shows from
the results obtained that, Anam Seepage which was
obtained onshore has similar API gravity and
density characteristics with Awoba 8t and Odidi
23L crudes which were also obtained on shore and
designated as light crude oils. Similarly, the
density and APl gravity values of Ugwueme
Seepage which was also obtained onshore is
similar to Eremo crude oil which is an onshore
crude and falls under the class of heavy oils. From
these regards, they have the same properties and
this shows that the oily seepage samples represent
liquid oil that are covered by land. These results
are consistent with results previously reported by
several authors [22, 23, and 24]. The viscosity
values (cp) for Anam seepage, Awoba 8t, Odidi
23L, Odidi 46S, Eremor crude and Ugwueme
seepage are 1.84, 6.90, 32.32, 92.88, 79.59 and
94.97 respectively (Fig. 3 and 4).This falls within
the same range of viscosity values ranging from
0.8 to 155cp with crude oil API values between the
range of 10.1 to 52.5° reported by Osamah et al
(2016)[25].

The pour point of the six samples studied in this
present work ranged from -30.5°C to 25°C. The
recommended pour point range for crude oils,
irrespective of the type, is from -40°C to 30°C.
Mean while, the observed pour point values for
Anam seepage, Awoba 8t, Odidi 23L, Odidi 46S,
Eremor and Ugwueme seepage are25°C, -13.5°C, -
13.5°C,-24°C,-24°C, and-30.5°C  respectively
indicating that Anam seepage with value greater
than 15 have very high waxy content, Awoba 8t
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and Odidi 23L indicated crude oil samples within
the paraffinic base, while Odidi 46s crude, Eremor
Crude and Ugwueme Seepage samples with lower
pour point values indicates crude oils with very
low waxy content [26]. These values are within the
required specification for the pour point of crude
oils (Table 2) [23, 26, and 27] and serves also as a
proof that the oily seepage samples are crude oil.

Table 2. Levels of the physical properties of the well-

Moisture content in crude oil is within the range of
0% to 100%. Considering the moisture content
value for samples in this present work, it ranges
from 0.002% to 0.006% as seen in table 2, this
implies that all the samples in this present study are
of very high quality with respect to their water
content values [28].

head crudes and oily seepage sam ples studied

Property Unit | Anam | Awoba | Odidi | Odidi | Eremor | Ugwueme | Light crude | Heavy crude
seep | 8t 23L 46s seep
Density g/ml [0.79 |0.80 |085 |091 |092 |0.92 0.78-0.88 | 0.88-1.0
API gravity o 447 |4384 |3476 |2247 |2147 |16.19 2;0{/ ;456‘“0' 10-22.2
\1/5'55(?5"3’ at Cp |184 |6963 |[3232 |9288 7959 |94.12 0.8-155 0.8-155
Pour point oc |25 |-135 |-135 |-24 |-24 -30.5 -40 - 30 40 - 30
Moisture % |0.004 | 0006 |[0.003 |0.003 |0.003 |0.002 0 100
content
PHYSICAL PARAMETERS OF
- cemorcrudar o ase o VISCOCITY CURVE IN DESCENDING ORDER OF SAMPLES DENSITIES
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Figure 3: bar chart of degrees API gravity, density and viscosity

VISCOCITY CURVE OF SAMPLES

Figure 4: Viscosity curve of samples

Figure 3 shows a bar chart of degrees API gravity, density and viscosity and from this bar chart it is clearly seen that the degrees API gravity
value of the samples are the exact inverse of the measure of their densities and viscosity [29]. This observation is in agreement with [24].
Therefore, viscosity is directly proportional to density, .Figure 4



PAHSs: The GC chromatograms resulting from the analysis of the six samples indicated that all the sixteen PAHSs regarded as
J. che Priority pollutants, were present with an additional compound (2-methyl naphthalene), but at different concentrations as
represented by the peaks seen in Figure 5 - 10

Fig. 5: GC chromatogram of the PAHSs content of Odidi 23Lcrude Fig. 6: GC chromatogram of the PAHs content of Awoba 8T crude

Fig. 7: GC chromatogram of the PAHSs content of Eremor crude Fig. 8: GC chromatogram of the PAHSs content of Odidi 46S Crude



Fig 9: GC chromatogram of the PAHs content of Anam seepage Anam Fig 10: GC chromatogram of the PAHSs content of Ugwueme seepage

Table 3: Concentrations of PAHs as obtained from the crude oils and oily seepage samples.

PAHs in mg/kg s Anam Awoba 8t | Odidi 23L Odidi 46s Eremor Ugwueme

eepage Seepage

Naphthalene 1498.21 1501.83 1465.24 1211.52 1074.78 | 1033.16853
2-methyl Naphthalene 897.12 900.41 895.58 644.06 632.31 | 625.73546
Acenaphthylene 1029.54 1035.08 986.73 864.27 778.31 | 741.95021
Acenaphthene 682.19 666.04 632.99 694.48 48491 | 400.81612
Fluorene 205.29 226.46 192.78 174.73 260.56 | 146.12887
Anthracene 422.88 430.46 402.13 362.07 390.92 | 337.87036
Phenanthrene 231.47 234.43 222.85 219.14 185.75 | 153.15379
Fluoranthene 407.96 446.49 405.82 370.63 330.74 324.4643
Pyrene 473.09 461.21 457.16 208.12 345.46 | 305.27073
Benzo[a]anthracene 155.46 156.33 153.85 125.05 115.99 | 103.60309
Chrysene 201.90 204.71 196.90 145.07 110.51 111.0954
Benzo[b]Fluoranthene 102.39 103.98 100.69 88.62 85.18 62.93032
Benzo[k]Fluoranthene 138.19 140.52 126.15 132.31 121.75 93.66559
Benzo[a]pyrene 115.06 117.78 114.73 81.13 75.56 71.10783
Dibenzo[a,h]anthracene 85.77 89.46 70.35 95.30 64.31 62.01651
Benzo[g,hi] perylene 121.91 133.66 111.53 131.55 107.14 94.16766
Indino[1,2,3-cd]pyrene 234.75 259.59 231.93 174.32 164.05 160.8941
Total (mg/kg) 6983.16 7106.43 6767.41 5771.20 5191.21 4908.04
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The total concentrations of the PAHs in the
samples ranged from 4908mg/kg to
7106.43mg/kg(Table 3).

RELATIVE ABUNDANCE OF PAHS
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7000

6000

5000

4000

Anam Seepage  Awoba 8t Odidi 23L Odidi 46s Eremor Ugwueme

Samples

Fig 11: Relative abundance of PAHSs in the samples

The light crude oils and oily seepage samples
i.e. Anam seepage, Awoba 8t crude, and Odidi
23Lhad PAHs concentrations of 6983.16
mg/kg, 7106.43mg/kg and 6767.41mg/kg
respectively, the medium crude sample from
Odidi46s had PAHs concentration of 5771.20
mg/kg and the heavy crude and oily seepage
samples i.e. Eremor and Ugwueme seepage had
PAHs concentrations of 5191.21mg/kg and
4908.04mg/kg respectively. Figure 11

The results indicated that the total PAHSs
concentrations in the light crude oils with
respective APl gravities of 44.7°, 43.84° and
34.32° are higher than that in the medium
crude having API gravity of 22.47°and heavy
crude oils and seepage samples having API
gravities of 21.47° and 16.19° Figure 12.

API Gravity and Total PAH concentration of the samples
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Figure 12: Total PAH Cencentration and their
degree API gravities.

These results of the oily seepages and the well-
head crudes are comparable with each other

and with those reported in the literature of
some Nigerian crude oils with total PAHs
values that ranged from 992.7623ppm to
26089.3457ppm [29].The results (table 3)
showed also that all ring sizes of PAHs were
present in an increasing order of 2>3>4>6 as
reported by Taofik Adekoke 2019 [30].Figure
13.

Also, the total concentrations of the LMWPs
were higher compared to the total
concentrations of the HMWPs in both the oily
seepage samples and the well-head crude
samples. Figure 14 (Table 4).This observation
is in agreement with that reported by several
authors [29, 31].

Ring size distribution of PAHs inthe
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Figure 13: Ring size distribution of PAH in the study

samples

Table 4 showed that Anam seepage had the
same high amounts of total PAHs like Awoba
and Odidi 23L when compared to Eremor
crude and Ugwueme seepage. Also, Higher
concentrations of LMWPs compared to the
HMWPs in both the oily seepages and well-
head crude samples observed in this study is
typical of hydrocarbons of petrogenic origin.
This is in agreement with studies reported by
[29]. Furthermore, the ratios between the
LMWPs and the HMWPs were greater than
one in all the samples (Table 4) which indicate
petrogenic source for both the well-head crude
and oily seepage samples. A similar
observation was reported by [9, 29].In their
reports, the ratios of LMWPS/HMWPs were >1
and typically represented pollution of
Petrogenic origin. Several authors [11, 12]
reported that prolonged exposure to low levels
of PAHSs leads to adverse health effects due to
their toxicity, carcinogenicity and
mutagenicity.
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Table 4: Total concentrations of PAHs and the ratios between the LMWPs and the HMWPs for both
the well-head crude and oily seepage samples

PAH Anam Awoba 8t | Odidi23L | Odidi46s | Eremor Jgwueme
Seepage Seepage
Total PAH 6983.16 7106.43 6767..41 5771.19 5191.21 4808.04
LMWPAHSs 4946.69 4994.20 4799.17 4035.27 3667.53 3418.82
HMWPAHs | 2036.47 2111.72 1969.10 1735.92 1523.68 1389.22
LMWPAHS/
2.43 2.40 2.40 2.30 2.403 2.50
HMWPAHS
Low Molecular Weight PAHs Vs. High MoleculatWeight PAHs
6000
5000
4000
3000
2000
1000
0
Anam Awoba 8t Odidi 23L Odidi46s Eremor Ugwueme
Sample Locations
LMW PAHs HMW PAHs
Figure 14: LMWPs vs. HMWPs
TABLE 5: DIAGNOSTIC/UNIQUE RATIOS OF PAHS IN ALL THE 6 SAMPLES
PAH Diag Sampling Point
Ratio Unigte
Diag. Rd| . . .
iag. Bdio Anam | Awoba | Odidi | Odidi | Eremor | Ugwueme Petrogenic | Pyrogenic | Pyrolytic PetroIeurln
Seepage | 8t 23L | 46s |crude | Seepage Combustion
bag bag Source
Flu/Pyr 0.86 097 (089 (090 [096 |1.00 <1 >1
Phe/Ant 0.55 055 055 [061 [056 |045 >10 <10
Flu/Pyr+Flu | 0.46 049 (047 (064 [049 0.52 >0.5 0.4&0.5 0.4
Ant/Ph+Ant | 0.65 065 |064 (064 [0.65 0.69 <01 0.1
Ind/Bghip+Ind | 0.66 066 |068 [024 |0.61 0.63 0.2 202 0.5
BaA/Chr+BaA | 0.44 0433 044 (046 [051 048 >0.2 >0.35
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Conclusion.

The results of both the oily seepage samples and well-
head crude samples from Awoba 8t, Anam and Odidi
23L, are indicative of light crude oils, the sample from
Odidi 46s indicate a medium crude oil while the
samples from Eremor and Ugwueme are indicative of
heavy crude oils. All the sixteen priority PAHs with an
additional compound (2-methylnaphtalene) were
present in both the oily seepages and the well-head
crude samples in similar pattern for light and heavy
samples alike, suggesting that both the crude and oily
seepages are of similar source. Light crude oils
contain higher PAH concentrations than the heavy
crude oil in all study samples. The concentrations of
the LMWPs were higher than the concentrations of the
HMWPs irrespective of the samples being onshore or
offshore. The ratio of the LMWPs/HMWPs indicate
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