ELSEVIER

Chemosphere 60 (2005) 990-997

CHEMOSPHERE

www.elsevier.com/locate/chemosphere

GC/MS analysis of polynuclear aromatic hydrocarbons
in sediment samples from the Niger Delta region

Chimezie Anyakora ®*, Anthony Ogbeche ?, Pete Palmer °,

Herbert Coker °, Grace Ukpo °, Celina Ogah *
& Department of Pharmaceutical Chemistry, University of Lagos, Nigeria

® Department of Chemistry and Biochemistry, San Francisco State University, CA, USA

Received 11 August 2004; received in revised form 26 November 2004; accepted 22 December 2004
Available online 8 February 2005

Abstract

Thirteen sediment samples from different locations in the Niger Delta region of Nigeria were analyzed for the pres-
ence of 16 polynuclear aromatic hydrocarbons (PAHs) via gas chromatography/mass spectrometry. The specific target
compounds for this study included naphthalene, acenaphthylene, acenaphthene, flourene, phenanthrene, anthracene,
flouranthene, pyrene, benz[a]anthracene, chrysene, benzo[b]fluoranthene, benzo[k]flouranthene, benzo[a]pyrene,
benzo[ghi]perylene, dibenz[a,hJanthracene, and indeno[1,2,3-cd]pyrene. Four isotopically labeled polynuclear aromatic
hydrocarbons (acanaphthene-d;o, phenanthrene-d;o, chrysene-d;, and perylene-d;,) were used for internal standardiza-
tion. All 16 PAHs were found in most of the thirteen samples with concentration ranging from 0.1 pg/kg to 28 pg/kg. It
was also found that the 5 and 6-ring PAHs were present in higher concentrations than all the other compounds, indi-

cating their high resistance to microbial degradation.
© 2005 Published by Elsevier Ltd.
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1. Introduction

PAHs are a class of compounds composed of two or
more aromatic rings. They are a component of crude
and refined petroleum and coal, and persist in soil and sedi-
ments. Hundreds of PAHs have been identified and these
usually are found as complex mixture (Mottier et al.,
2000). Fig. 1 shows the structures of sixteen priority PAHs.
They are all volatilizable and as such GC/MS is a viable
analytical approach. PAHs may also be generated as prod-
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ucts of incomplete combustion processes such as forest
fires and volcanic eruptions (Grova et al., 2002). Anthro-
pogenic sources such as industrial production, transporta-
tion and waste incineration generate significant levels of
PAHs (Lorber et al., 1994; Yang et al., 1998).

PAHs are classified as environmentally hazardous or-
ganic compounds due to their known or suspected carcin-
ogenicity and are included in the European Community
(EC) and United States Environmental Protection
Agency (US EPA) priority pollutant list (Nieva-Cano
et al., 2001). They are ubiquitous in the environment lar-
gely due to the extensive use of fossil fuels. Several PAHs
are known to be potential human carcinogens; these in-
clude benz[a]anthracene, chrysene, benzo[b]flouranthene,
benzo[a]pyrene and benzo[ghi]perylene (Guillen et al.,
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Fig. 1. The chemical structures for 16 priority PAHs.

2000). The health hazards posed by these compounds
have been studied extensively by several authors (Perera
et al., 1988; Schoket et al., 1993). The presence of these
compounds in environmental samples (sediment, water
and fish) has also been studied by numerous authors
(Xu and Fang, 1988; Speer et al., 1990).

Soil samples from industrial sites involved with the
production and disposal of fossil fuels and fossil fuel de-
rived products usually contain PAHs at higher levels
than background levels (Van Brummelen et al., 1996).
The Niger Delta region of Nigeria has an extensive
petroleum production activity, which has gone on for
several decades, and as a result there is a strong possibil-
ity of elevated PAH concentrations in sediments in this
area. The purpose of this work is to investigate the types
and levels of PAHs in this area.

Various methods have been employed in the analysis
of PAH such as high performance liquid chromatogra-
phy (HPLC) with photometric (UV/VIS) or fluorimetric
(FL) detection (Kiyali-Sayadi et al., 1999), gas chroma-
tography with flame ionization detection (Guerin, 1999),
micellar electrokinetic capillary chromatography with
ultraviolet (UV) detection (Moy et al., 1998). Most of
these methods lack specificity in their detection method
and may give false positives when used to analyze com-
plex mixtures. Given the complexity of the crude oil,
which is the primary pollutant of the environment under
study, we employed GC/MS using isotopically labeled
internal standards to ensure unambiguous identification
and more reliable quantification of PAHs.

2. Materials and method

Sediment samples were collected from thirteen differ-
ent sites in the Niger Delta (hereafter referred to as SD-
01, SD-02, SD-03, SD-04, SD-05, SD-06, SD-07, SD-08,
SD-09, SD-10, SD-11, SD-12 and SD-13). Table 1 gives
the sample information. These were air dried and stored
at low temperature prior to sample workup and analysis.
The sediment samples were collected from locations that
have some history of oil pollution or are close to some
oil production facilities. The sediments were collected
from the riverbed, with the exception of two (SD-06
and SD-12), which were collected from a burrow pit
and a water well facility. The texture of the sediments
ranged from sandy to loamy.

A PAH (SRM 1647c) standard mixture (NIST,
Baltimore, MD) containing naphthalene, acenaphthyl-
ene, acenaphthene, fluorene, phenanthrene, anthra-
cene, fluoranthene, pyrene, benz[alanthracene, chrysene,
benzo[b]flouranthene, benzo[k]flouranthene, benzo[a]-
pyrene, benzo[ghi]perylene, dibenz[a,i]lanthracene and
indeno[1,2,3-cd]pyrene was used in this study. A mixture
containing four isotopically labeled PAHs (ChemService,
Westchester, PA) namely acenaphthene-d;,, chrysene-
dy», phenanthrene-d;, and perylene-d;, was used as an
internal standard. HPLC grade dichloromethane
(Fischer Scientific, New Jersey) used for the extraction.

Soxhlet extractions were carried out using a modified
form of the EPA 3540 (1994). The Soxhlet apparatus
consisted of a 250 ml round bottom flask, condenser
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Table 1
Sample information
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Extraction method

GC/MS—US EPA method TO 13A
GC/MS—US EPA method TO 13A
GC/MS—US EPA method TO 13A
GC/MS—US EPA method TO 13A
GC/MS—US EPA method TO 13A
GC/MS—US EPA method TO 13A
GC/MS—US EPA method TO 13A
GC/MS—US EPA method TO 13A
GC/MS—US EPA method TO 13A
GC/MS—US EPA method TO 13A
GC/MS—US EPA method TO 13A
GC/MS—US EPA method TO 13A

ID no. Sample description Analysis method
SD-01 Sediment sample
SD-02 Sediment sample
SD-03 Sediment sample
SD-04 Sediment sample
SD-05 Sediment sample
SD-06* Sediment sample
SD-07 Sediment sample
SD-08 Sediment sample
SD-09 Sediment sample
SD-10 Sediment sample
SD-11 Sediment sample
SD-12* Sediment sample
SD-13 Sediment sample

GC/MS—US EPA method TO 13A

EPA method 3540
EPA method 3540
EPA method 3540
EPA method 3540
EPA method 3540
EPA method 3540
EPA method 3540
EPA method 3540
EPA method 3540
EPA method 3540
EPA method 3540
EPA method 3540
EPA method 3540

% Samples that are not from the river bed.

and extractor tube, seated in a temperature-controlled
heating mantle. A 20 g portion of the air-dried sediment
sample was extracted with 150 ml of HPLC grade
dichloromethane for 16 h.

2.1. Preparation of calibration standards

Five standard solutions each containing 16 target
compounds were prepared by diluting the standard
mix (1647c¢ mix from NIST) to desired concentrations
with dichloromethane. To these were added 0.5 pg
(volumetric equivalent) of the four internal standards
namely acenaphthene-d;y, phenanthrene-d;,, chrysene-
dy> and perylene-d},. These were transferred to a capped
and sealed vial until ready for analysis.

2.2. GCIMS instrumentation and conditions

GC/MS analysis was carried out on a Finnigan Mag-
num instrument equipped with a CTC A200S autosam-
pler and a 30 m, 0.25 ID DB-5 ms fused silica capillary
column (J & W Scientific, Folson CA). Helium was used
as the carrier gas and the column head pressure was
maintained at 10 psi to give an approximate flow rate
of 1 ml/min. The injector and transfer line were main-
tained at 290 °C and 250 °C respectively. All injection
volumes were 1 pl in the splitless mode. The column
temperature was initially held at 70 °C for 4 min,
ramped to 300 °C at a rate of 10 °C/min, then tempera-
ture was held at 300 °C for 10 min. The mass spectro-
meter was used in electron ionization mode and all
spectra were acquired using a mass range of m/z 50—
400 and automatic gain control (AGC).

2.3. Identification and quantification

The PAHs in the sample were identified by a combi-
nation of a retention time match and mass spectral

match against the calibration standards. Quantitation
was performed by the method of internal standardiza-
tion using acenaphthene-djy, phenanthrene-d;,, chry-
sene-dj, and perylene-dj,. Acenaphthene-d;, was used
as the internal standard for naphthalene, acenaphthyl-
ene, acenaphthene and flourene. Phenanthrene-d;, was
used as the internal standard for phenanthrene, anthra-
cene, flouranthene and pyrene. Chrysene-d;, was used
for benz[a]anthracene and chrysene. Perylene-d;, was
used for the rest of the PAHs.

3. Results and discussion
3.1. Analytical characteristics

Calibration curves were obtained using a series of
standard solution. All 16 calibration curves were linear
with correlation coefficients from the linear regression
ranging from 0.994 to 1.000. The relative standard devi-
ations (n = 3) were mostly below 10% as shown in Table
2. Limits of detection and quantitation (LODs and
LOQs) are provided in Table 3. The lowest LOD was
0.02 pg/ml for lower molecular weight compounds while
indeno(1,2,3-cd)pyrene has the highest at 1.7 pg/ml. To
evaluate the extraction efficiency for the target com-
pounds, recovery studies were carried out using 4 isoto-
pic PAH to represent 2 and 3 ring, 4 ring, 5 ring and 6
ring PAHs respectively. The recoveries ranged from
90.58% to 118%. Tables 4 and 5 show the retention time
and important ions for 16 PAHs used in the quantifica-
tion and the internal standards respectively.

3.2. GC-MS separation and identification
Prior to analyzing the samples, the efficiency of GC/

MS for analysis of the target compounds was tested with
a standard mixture of 16 PAH (target compounds).
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Table 2

Calibration parameters of the PAH compounds

Compound Linear range (pg/ml) Slope Intercept Regression coefficient RSD (%)
Naphthalene 0.503-5.033 3.28 1.143 0.994 4.76
Acenaphthylene 0.387-3.888 6.93 0.074 0.997 1.7
Acenaphthene 0.519-5.193 4.653 0.342 0.996 0.89
Flourene 0.119-1.188 4.024 0.084 0.997 6.2
Phenanthrene 0.086-0.855 5.063 0.105 0.997 7.17
Anthracene 0.020-0.198 5.272 0.01 0.997 4.92
Flouranthene 0.191-1.910 6.108 0.243 0.998 2.48
Pyrene 0.212-2.118 6.269 0.664 0.998 44
Benz[a]anthracene 0.102-1.023 5.354 —0.134 0.999 5.36
Chrysene 0.092-0.918 5.388 0.089 0.996 4.26
Benzo[b]flouranthene 0.104-1.043 10.249 —0.159 0.997 1.69
Benzo[k]flouranthene 0.118-1.180 13.24 —0.417 0.999 2.71
Benzo[a]pyrene 0.123-1.228 6.884 —0.411 0.995 2.11
Benzo[ghi]perylene 0.354-0.885 1.377 —0.167 0.995 10.16
Dibenz[a,h]lanthracene 0.368-0.920 0.922 —0.108 0.997 15.79
Indeno[1,2,3-cd]pyrene 0.428-1.070 1.307 —0.122 1 4.77
Table 3

List of LODs and LOQs for the 16 PAHs

Compound Mol. mass No. of rings Ret. time (min) LOD (pg/ml) LOQ (ng/ml)
Naphthalene 128 2 8.46 0.06 0.2
Acenaphthylene 152 3 13 0.02 0.06
Acenaphthene 154 3 13.26 0.02 0.06
Flourene 166 3 14.49 0.02 0.06
Phenanthrene 178 3 17.14 0.03 0.09
Anthracene 178 3 17.22 0.02 0.06
Flouranthene 202 4 20.16 0.04 0.12
Pyrene 202 4 20.49 0.04 0.12
Benz[a]anthracene 228 4 23.55 0.06 0.2
Chrysene 228 4 24 0.06 0.2
Benzo[b]flouranthene 252 5 26.3 0.1 0.3
Benzo[k]flouranthene 252 5 26.35 0.15 0.5
Benzo[a]pyrene 252 5 27.18 0.15 0.5
Benzo[ghi]perylene 276 6 30.06 0.75 2.5
Dibenz[a,h]anthracene 278 6 30.17 0.9 2.7
Indeno[1,2,3-cd]pyrene 276 6 30.55 1.7 5

Fig. 2 shows the total ion chromatogram for this analy-
sis. A good separation was achieved using the EPA
method TO 13A (1999) in 37 min. The identities of these
compounds were established by combining the retention
time data and the individual mass spectra.

Since the target compounds are numerous and have
significantly different chemical properties and retention
times, four isotopic internal standards were used to
monitor the 16 compounds. Acenaphthene-dj, with a
retention time of 13.23 min was used for the 2 and 3 aro-
matic ring-containing PAHs within the retention time
window of 8-15 min. Phenanthrene-d,, with a retention
time of 17.10 min was used for the PAHs within the
retention time range of 17-21 min. Chrysene-d;, was

used for chrysene and benz[a]anthracene. Perylene-d;»
was used for the remaining PAHs. Figs. 3 and 4 show
the selected ion chromatograms illustrating how the
internal standards effectively cover the different PAH
compounds. The separation and quantitation of PAHs
in the sediment samples was achieved using the same
GC/MS conditions as the standards. Fig. 5 shows the total
ion chromatogram of an extracted sediment sample.
PAHs were quantified using internal standardization.

3.3. PAH distribution

The concentrations of PAHs in the sediment samples
from the locations studied are reported in Table 6. In
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Table 4 Table 5
List of m/z values for the 16 PAHs List of m/z value for the four internal standards
Compound mlz Compound mlz
Naphthalene 128, 115, 102, 87, 75, 63, 51 p-acenaphthene 164, 132, 108, 84, 66, 51
Acenaphthylene 152, 126, 98, 87, 76, 63, 50 D-phenanthrene 188, 160, 132, 94, 80, 66, 51
Acenaphthene 154, 126, 102, 87, 77, 63, 50 p-chrysene 240, 208, 156, 120
Flourene 166, 139, 115, 83, 63, 50 D-perylene 264, 236, 207, 180, 132, 118, 86
Phenanthrene 178, 152, 126, 111, 99, 89, 76, 63, 50
Anthracene 178, 152, 126, 89, 76, 63 .
Flouranthene 202, 174, 150, 122, 101, 87. 74. 50 cene and .Il}deng[l,2,3-cc{]pyrene are more difficult to
Pyrene 202, 174, 150, 101, 88, 74, 50 degrade giving rise to this obse.rved trend (Yun et.al.,
Benz[ajanthracene 228, 200, 150, 113, 88, 63, 50 2003). leenz[a,ﬁ]anthracene with a moleculgr weight
Chrysene 228, 202, 176, 150, 113, 101, 63 of 278 was consistently the most abundant in all the
Benzo[b]flouranthene 252, 224, 174, 150, 126, 113, 86 samples with very few exceptions.
Benzo[k]flouranthene 252, 224, 198, 150, 126, 74 In one of the sediment samples (SD-05), Benzo
Benzoa]pyrene 252, 225, 161, 126, 74 [ghilperylene, Dibenz[a,h]anthracene and Indeno[l,2,3-
Benzo[ghi]perylene 276, 248, 225, 207, 191, 138, cdlpyrene were not detected. This is consistent with the
) 125,97, 73 relatively low amount of the other PAHs found in that
Dibenz]a,ilanthracene 278, 248, 225, 207, 191, 138, 125, sample. Since these three compounds with higher num-
83,73, 57 ber of aromatic rings have very high limit of detection
Indeno[1,2,3-cdlpyrene 276, 248, 225, 207, 191, 138, - ;
111.97. 73. 57 (Table 3) comparatively, it means that the sample has

most of the samples, all 16 priority PAHs were detected
with concentration ranging from as low as 0.1 pg/kg to
as high as 28 pg/kg. It is interesting to note that there
is a certain pattern followed by the compounds in the
studied samples. Lower molecular mass PAHs with
two to four rings tend to have low concentration as
shown in Fig. 6. A good explanation for this is the fact
the microorganisms degrade these compounds much
easily (Yun et al., 2003). The compounds with five and
six rings namely Benzo[ghi]perylene, Dibenz[a,h]anthra-

100

in general low concentration of PAH giving rise to the
inability to detect the compounds with high LOD. The
samples were collected from wide area with some sam-
ples collected as far as 300 km from one another. Hence
one should expect different types of microbial and selec-
tive degradation, other sources of PAHs contamination
and so on. Most of the low molecular weight PAHs have
relatively high vapour pressure (from 1.04 to 2.71 X
107° Pa) compared to less volatile compounds such as
Indeno[1,2,3-cd]pyrene with a vapour pressure of
2.6x107° Pa (Mackay et al., 1992). Light compounds
with four or fewer aromatic rings have higher water

Ll A "y 1 Aah
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400 800 1268 1608 2988
6:48 13:28 20:88 26:48 33:28

Fig. 2. Total ion chromatogram of 16 PAH standards namely naphthylene, acenaphthylene, acenaphthene, flourene, phenanthrene,

anthracene, flouranthene, pyrene, benz[a]anthracene,

chrysene,

benzo[b]flouranthene, benzo[k]flouranthene, benzo[a]pyrene,

benzi[ghi]perylene, dibenzo[a,i]lanthracene and indeno[l,2,3-cd]pyrene.
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Fig. 3. The selected ion chromatogram of sixteen priority PAHs. The first window shows the peak for naphthylene, acenaphthylene,
acenaphthene and flourene. The second window show peaks for phenanthrene, anthracene, flouranthene and pyrene. The third window
shows the peaks for benz[a]anthracene and chrysene. The fourth window shows the peaks for benzo[b]flouranthene, benzo[k]flour-
anthene, benzo[a]pyrene, benzi[ghilperylene, dibenzo[a,h]anthracene and indeno[l,2,3-cd]|pyrene.
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Fig. 4. The selected ion chromatogram of the internal standards illustrating how the internal standards effectively cover the different
PAH compounds. The first window shows the peak for acenaphtene-d), [the internal standard for naphthylene, acenaphthylene,
acenaphthene and flourene]. The second window shows the peak for phenanthrene-d), [the internal standard for phenanthrene,
anthracene, flouranthene and pyrene]. The third window shows the peak for chrysene-d,, [the internal standard for benz[a]anthracene
and chrysene]. The fourth window shows the peak for perylene-d;, [the internal standard for benzo[b]flouranthene, benzo[k]flour-
anthene, benzo[a]pyrene, benzi[ghi]perylene, dibenzo[a,h]anthracene and indeno[l,2,3-cd|pyrene].

solubility and bind less strongly to soil disposing them to the sampling location. These factors can account for
easy transportation to other locations by natural cause very little variation in the distribution such as
such as rain and intense sunshine which are typical of benz[a]anthracene and chrysene not being detected in
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Fig. 5. The total ion chromatogram of an extracted sediment
sample.

some samples. Naphthalene being disproportionately
higher in some samples like SD-05, SD-06, SD-10 and
SD-12. Flourene was also found to be disproportion-
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ately high in some samples. Another interesting pattern
in the PAH distribution is that phenanthrene and
anthracene (which are isomers) maintained a certain
proportion. In future work we are going to look at this
pattern to ascertain whether it has to do with stability of
a particular isomer and susceptibility of degradation.
Sediment is a major sink for PAHs. The level of
PAHs found depends on the level and duration of influx
of PAH contamination. The range of PAH found in a
given environment sometimes vary quite widely, for in-
stance the total PAH concentration in bottom sediment
from the main stem of the Chesapeake Bay were
reported to range from 45 to 8920 pg/kg for samples
collected from 16 stations in 1986 (Huggett et al.,
1988). Average concentrations of total PAHs in sedi-
ments from three coastal South Carolina marinas were
reported to range from 35.6 to 352.3 pug/kg (Marcus
et al., 1988). In our study a range of 3.15-144.89 pg/kg
of total PAH (16 priority PAH) was observed. Apart

Table 6
Concentration of PAH in the studied sample [in pg/kg]

SD-01 SD-02 SD-03 SD-04 SD-05 SD-06* SD-07 SD-08 SD-09 SD-10 SD-11 SD-12* SD-13
NA 1.25 1.62 0.7 1.05 0.39 3.5 0.41 1.75 246  4.24 4.34 4.71 1.23
ACY 0.32 1.71 033 035 0.18 0.52 0.09 0.13 046  0.35 0.31 0.35 0.23
ACE 0.37 0.75 024  0.18 0 0.15 0.09 0.42 0.54  0.68 0.63 0.69 0.65
FL 0.66 4.27 0.4 0.22 0.19 0.45 0.16 3.2 468 4.8 4.64 4.26 4.59
PH 1.99  10.99 0.67  1.09 0.3 0.98 0.2 0.99 2.63 1.74 2.05 1.57 0.85
AN 1.07 7.66 0.28  0.31 0.1 0.16 0.11 0.23 048 045 0.44 0.45 0.35
FLR 1.65 5.71 036 1.22 0.16 0.15 0.15 0.36 132 0.82 1.57 0.82 0.44
PY 1.53 11.65 0.33 1.09 0.11 0.57 0.18 0.33 1.18  0.95 1.28 1.25 0.49
BaA 1.28 4.85 0.59 1.28 0 0.55 0.19 0 245 28 0 0 0
CH 1.17 6.59 0.55 1.27 0 0.61 0.22 0 253 0 3.54 0 0
BbF 3.88 5.48 197 24 0.6 1.1 0.86 4.54 1.99  0.85 1.25 0.77 0.57
BkF 2.88 3.19 .14 1.77 0.3 0 0.54 1.13 1.38 1.19 0.77 0.77 0.82
BaP 591 7.71 5.18 249 0.82 1.05 1.79 4.68 922 69 3.54 2.33 1.37
DA 18.3 24.81 14.9 3.95 0 3.55 4.66 5.54 571 4.07 3.33 3.78 3.69
BP 21.3 2828 177 2.97 0 2.64 6.54 15.8 10.3 8.72 8.96 6.92 10.4
1P 11.5 19.59 139 2.65 0 4.16 4.27 4.33 6.09 4.12 3.87 7.42 2.98

# Samples that are not from the river bed.

301 The profile of PAHs in the studied samples
251
2
S 20+
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o 151
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8 101 .
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NA ACY ACE FL PH AN FLR PY BaA CH BbF BkF BaP DA BP IP
compounds

Fig. 6. The profile of PAHs in the studied samples.
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from the sample with the total PAH of 3.15 pg/kg other
samples can be considered to be very polluted.

4. Conclusion

This study has provided new insights into the distri-
bution pattern of PAHs in sediment samples with a his-
tory of crude oil contamination. It also lends support to
the fact that some PAHs are more complex and stable
hence resist microbial attack more than the others. Also
low volatility and higher solubility of the lower molecu-
lar mass PAHs account for the relatively low concentra-
tion of these compounds in the studied samples. With
this study we have open up numerous research direc-
tions such as the factors affecting the degradability of
PAHs, the reason for certain pattern in PAH distribu-
tion and the possibility of developing a biomarker for
determining the age of a particular pollution.
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