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ABSTRACT

Lagos Lagoon is omong the most polluted
water bodies in sub-Scharan Africa. If is
exlensiuelfy poliuted at the harbour by
seepages from oil discharge terminals, spent
lubricating oil from the adjoining drainage
szstem, domestic and industrial effluents in
the highi\/ polluted Lagos meropolis, and
orcasional spillage from the Niger Deltn
where crude oil exploration is widely done.
Analysis for the presence of 16 priority
polynudear aromatic hydrocarbons (PAK)
were carried in water samples of the Lagos
lagoon. The determination and
quantification of the PAH's were done by
means of soxtec extroctor fellowed by GC
FID. From the studies carried out on the
water samples, chrysene 20.33 wglml,
anthracene 19.59 wglml, benzo (a)
anthracene 17.15 wglml and pyrene
14.92uglml, were detected in high
concentration, while benzo (b) flouranthene
showed a low concentration of 0.88 «glml.

INTRODUCTION

Polynuclear oromatic hydrocarbons (PAH)
are a closs of diverse organic compounds
containing two or more fused aromatic rings
of carbon ond hydrogen atoms [1]. They are
well known ubiquitcus environemntal
contaminants ot low concentration found in
air, water and seil, and are clways found asa
mixture of individuel compeounds [2],
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Figure 1: Map of the Lagoas lagoon showing the sampling site

included in the ECand EPA priority pollutent
list becouse of their mutagenic ond
carcinogenic properties [3]. PAH originate
from diverse sources such as tobacco
smoke, engine exhaust, petroleum
distillate and coal derived products, with
cambusion sources predeminating [41.
Beinb foxic and uhiquitous PAH pose a
reat danger 1o the environment. They are
the lorgest closs of chemical compounds
known fo be cancer causing agents [5].
Several works have been done on the
corcinogenicity of these compounds [6-10],
many of these have been found to be
positive, some while not cancer causing
may act as synergists [11]. PAH cre usually
found in the environment as o mixture of
many compounds.
The concentration of individual
PAH's in surface and coastal walers are
enerally around 50ng/liter [12];
therefore ony concentration above this
level indicates contamination. Due o the
fact that PAH's absorb strongly to the soll
organic matter, leachin ?mm sail to
roundwater s negiigib?e [13]. Water
Eodies are usually contaminated by direct
introduction of PAH's from various sources
such as drilling operations and petroleum
exploitation and production, transportation
aclivities, (nusiulpﬂnd riverine imputs, and
combustian of all forms of fossil fuels [ 14-
191. PAH's in the environment are usually
derived from anthropogenic sources.

Lagos logoon is a good example of
a highly paﬂuied water body. It receives
enormous amount of hydrocarbon arising
from a wide vuriear of sources but mainly by
the extensive crude oil exploration, import
and export that take place in the area. The
highly polluted industrial waste product and
bad sewage system which coniriﬁute alot fo
the level o p(ﬁluﬂun inthe lagoon. This work
has been necessitated by the fac that the
level of PAH present in the lagoon is needed
to help determine the Ieve? of treatment
required before it is supplied for domestic
Use.

The Logos logoon is o wide
expanse of estuarine water extending from
the Lagos harbor to the Niger Delia in south
west Nigeria and in fact the largest lagoon in
the Glﬁi of Guinea [20]. It is ?omled
between longilude 3' 23" and 3’ 40' E and
between lotitude 6' 22' and 6' 48" N as
shown in figure 1. It borders the forest belts
and receives a number of rivers (Yelwa,
Ogun, Ona ond Oshun) draining more than
103,626 square kilometers of the country
Nigeria [217. It is o highly urbanized
brackish ecosystem impocied mainly by
municipal and industrial activities that have
significantly increased in the past decades.
The Lagos lagoon is also very much impacied
by cruﬂe oil due to great activities of import
and export of petroleum related prudﬁls
[22]. The choice of the locotion was
influenced by the fod that it is one of the
mostimpacted environments in Nigeria
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MATERIAL AND METHOD

Coflection of samples

Water sample was collected from the Victoria

Island end of the Lagos lagoon. (10x500ml)
urified glass bottle wos filled with water

From this locafion- and stored at low

temperature until ready for use.

Reagents

Al chemltuls and reagents were of analyticol
grade and of highest purity possible.
Dichloromethane und n-Hexane used for the
exiraciion were obtained from Koch Light
Loboratories Ltd England. Silica gel used in
the cleaning up of 1?1& extract wos supplied
by BDH Laboratories England. PAH standard
mixture PM-525a (EA EPA method 525 PAH
mixture) was obtained from Ultra Scientific,
North Kingstown. The mixiure contains 12
PAHs Wii[h are acenephthylene,
anthrocene, benz(o)anthracene,
benzo(k)flouranthene,
benzo(b)flouranthene,
benzo(g,h i)perylene, benzola)pyrene,
chrysene, dibenzo{a,h)anthracene,
indeno(1,2,3-cd)pyrene, phenanthrane,
ond pyrene, each ot 100ug/mlin acetone.

Apparatus

The HP 6890 GC used was equipped with
flame ionization detector, a pre-froctionator
1 HP 6890 series autosampier, o restrictor
coiwmn {5 A mole sieve, 80/80 mesh 1/8" x
1"55), an analytical column {25m x 320um
x 0.52um methy! siloxane caniliary column)
and o -split injector. A tudor Vap [
concentration workstation used for
concentrating the extract was supplied by
Zymark USA. The oven was supplied by
Linderg. A silli-Therm heating module
supplied by Pierce Chemical Company was
also vsed. High precision weighing balance
obtained from DEnus Corporation was used
in all the necessary weighing during this
work. The carrier gos for the GC was helium
and it was supplied by Air Liquide Nigeria.
The same company also supplied the
hydrogen gos used. Kimax separafing
columns were used for sample clean up.

Sample preparation

A centrifuge ossisted liquid-liquid extraction
was performed. 100m| of the water sample
ond 100ml of n-hexane were odded in o
centrifuge bottle ond centrifuged at
3000rpm for 15 minutes. The organic phase
was removed and 100ml of n-hexane was
aguin odded and the process repeated. All
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the organic layers were combined and the
extract concentrated in Tudor Vap
Concentration Workstation until o volume of
0.5mlwas obtained.

Analysis

The extract was analyzed in o HP 6890
series GC system. The injection volume was
3 microlitre. The GC oven femperature wos
50°C for 2 minutes and ramped at 8'C/min
fill it attained 290°C and this temperature
was maintained for 10 minutes. Carrier gas
(Helium) was af Iml/min, moke up gas
(Helium) was at 16ml/min, Hydrogen gas
was ot 40ml/min and the air flow was af
450ml/min. The split inlet vent was o
100psi while the split column head pressure
was of 27 psi. The run fime was
progrommed fo 42 minutes and the
retention time was the basis for
identification while peak area is the basis
for quantification. The same GC conditions
were employed in analyzing the standard
mixture of PAHs used in this study.

RESULTS

Chromatographic study

ak1rﬂ infa account previous studies, the GC
aven temperature was pmgmmmen at 50°C
for 2 minutes and ramped at 8'C/min il it
attained 290°C and this temperature was
maintoined for 10 minutes. This
programme wns to achieve on opfimum
separation. Figure 2 ond 3 show the
chromatoaram of a stondard mixture of
PAH confaining 12 compounds and the
water samples respectively.

Recovery studies of PAH from the
sample

The extraction procedure employed in this
study was applied fo the recovery of PAH
from water somple. Sml of water was spiked
with PAH standord mixture solution
containing 100ug/m! of individual PAHSs.
The recovery 72.3% was obfoined. The
recovery was done by spiking the water
sample with a mixture of PAHs of known
concentration ond employing the some
extraction procedure o5 the unspiked
sample.

Anclytical characteristic of the
method

Calibration graphs were obtained by
preparing PAH solutions at the different
toncentrations. Six concentrations rangin

from 100ug/ml to Sug/m! were prepureﬂ
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by diluting the stock solution with
dlchlorometﬁune Linearity was found in ol
cases. Relotive standard devietions (RSD %)
were around 11%. The detection limit is
articularly low for acenaphihylene ond
Esghec‘f for Benzo(b)Flouranthene.

Determination of PAH in the water
sample

The above method wos used 1o determine
some PAHs in the water somple of the Lagos
logoon. The PAHs detected include
anthracene 19.57ug/ml; pyrene
14.92ug/ml. Benzo!u]antﬂrucen
17.15ug/ml; chrysene 20.33ug/ml and
henzo{g}ﬂoumnihene 0.88ug/ml. The
cumulative PAH concentration is
72.87ug/ml which is considered as very
high. Figure 3 shows the chromatogram of
the water sample extrad. Figure 4 shows a
grudphltd distribution of the PAHs in the

studied water sample.

DISCUSSION
By all stondords the PAHs concentration
U)JIuirled is very high even though the result
is fo be expected considering the level of
activity in the soid lagoon. According fo the
World Health Organization study in 1997,
the concentration of individual PAHs in
surface and coastal waters are generally in
the neighbourhood of SOng/L and
concentration above this point indicate some
contomination. This level of contamination
observed in this sample gives a cue on how
much the aquatic fife is atfected. PAHs are
generally insoluble in water therefore oii rich
sediment and marine arganism will contain
much more.

0f the five compounds detected
henzo{a)anthracene and
benzo(b)flouranthene are the most
carcinogenic [23,24] due to their relatively
higher ability to hind covalently to DNA
thereby initiating tumors. Even Iﬁnugh the
most carcinogenic PAH namely
Benzola)pyrene[25,26] was not detected o
rather is present at o concentration lower
than the detection limit, the cumulative
concentration of PAHs defected is of greot
concern. Several works done on rat hove
shown that BaA is genotoxic produdng
tumors in mice treated dermally,
intraperitioneally ond suhrutaneousry
[27.28]. Neverl‘rlciess there is ample
evidence for enhancement or inhibition of
carcinogenicity by other PAHS [311. 1t is
worth noting thet all the studies done on the
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carcinogenicity of PAHs hove been done
with mice and rodent because it is not
possible to assess the risk o human for
obvious reasons. Therefore, we rely on the
animal data to estimote the risk of exposure
to humans. The extrapolation of risk to
human from onimal data may not be
absolutely accurate due to the possibility of
interspecies differences in the enzyme that

activate PAHs [32). Most available human
data are from inholation and percutaneous
absorption of PAHs from a large range of
occupational exposures [33-35] hut since
there is also exposure to other chemicals
correlation is a bit less absolute.

CONCLUSION
The amount of PAHs found in the Lagos

logoon is so much that swimming or water
activity in the logoon may have a long ferm

negative effect on human health. Water for

domestic purposes from the lagoon could also
be found to be hazardous to man. It is
therefore recommended that measures be
taken to minimize all forms of industrial
waste and sewage dischorge that could lead
ie increased concentration of PAHs in the
areg.

Figure 2: The chromatogram of o standard PAH mixture containing acenephthylene, anthracene,
benz(a)anthracene, benzo(k){louranthene, benzo(b)flouranthene, benzo(g,h,i)peryiene, benzo(a)pyrene,
chrysene, dibenzo(a,h)anthracene, indene(1,2,3-cd)pyrene, phenanthrane, and pyrene.
Conditions:Methyl siloxane capillary column (25m x 320um x 0.52um), the GC oven temperature
was programmed at 50°C for 2 minutes and ramped at 8°C/min fill it aftained 290°C and this
temperature was maintained for 10 minutes
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Figure 3: The chromatogram of extract from the Lages lagoon. Conditions: Methyl siloxane capillary
column (25m x 320um x 0.52um), the GC oven temperature was pregrammed at 50°C for 2 minutes and
ramped af 8'C/min till it attained 290°C and this temperature was maintained for 10 minutes
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PAHs detected in the water sample of the
Lagos lagoon
Figure 4: PAH: detected in the

water sample of the Lages
Conc. In 20 5 lagoon. An = Anthracene;

gl g | Py=Pyrene;
' {J J BaA= Benz(a)Anthracene;
= g A e
" An Py I BaA

30 o

0 , - Ch=Chrysene;
Ch BbF BhF=Benzo(h)Flouranthene
Compound Retention time Peald Peak Peak
{mins) Area Height Width
1 Acenaphthylene : 4.85 7.27 3.80 0.03
2 Phenanthrene 17.34 &69.04 28.00 o0.0a
3 Anthracene 19.60 74.68 30.11 0.049
4 Pyrene 22.58 ) 85.07 32.35 0.04
5 Benz(a)Anthracen 22.73 83.60 .?l 07 0.04 Table 1: The chromategraphic
6 Chrysene 27.07 96.75 34.46 0.04 | characteristics of the PAH
7 | Benzo(b)Flobranthene 30.98 100.44 | 32.43 0.05 | standard mixture
employed in this study.

8 Benzo(k)Flouranthene 31.08 101.69 34.83 0.05
9 Benzo{a)Pyrene 34.64 97.98 23.96 0.06
10| Indeno(1,2,3-cd)Pyrene 34.72 99.72 24.70 0.06
11 | Dibenzo(a,h}Anthracene | 35.85 95.07 20.30 0.07
12 | Benzo{g,h,l)Perylene 41.84 171.93 13.15 0.16

Compound Retention ftime Peak Peak Peak

{mins) Area Height Width

1 Anthracene 19.60 145.02 28.28 0.07 Table 2: The chromategraphic
2 Pyrene 22.59 127.29 | 25.65 0.06 characteristics of the
3| Benz(a)Anthracen 22.74 143.39 | 21.79 | 0.09 - ':z’f:::r Zt::; -
4 Chrysene 27.08 197.87 80.45 0.04
5 Benzo(b)Flouranthene 30.94 8.76 2.8 0.04
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