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~ an undersurface sampler. Extraction was according to United Nations environmental
:Programme protocol number 20, 1995while purification was according to Christopher et

, al., 1995. Analysis was done with GC-FID and results confirmed with GC-MS.

The sixteen target PAH were detected in the sediment and water samples, with

concentrations in the range of 0.04 to 16.46 pg/g for sediment samples and 3.32 to 55.8
pg/L for water samples, which is an indication of significant pollution of the Gulf by
individual PAH. Sediment samples were found to contain relatively higher concentrations
of PAH than water samples. The mean concentrations were found to exhibit significant
differences (P<0.05) with seasons and depths, however the degree of significance could
not be established in the cases since only two means were compared. The total amount of
individual PAH detected in wet season samples was higher than those detected in dry
season samples. The study also shows that the total PAH concentrations in sediment and
water samples and the distribution of individual PAH in the samples were different.
Water samples predominantly accumulated the lower molecular weight PAH; while

sediments accumulated the higher molecular weight PAH.

The total amount of PAH detected in sediments samples taken 5m from the shore was

much higher than those detected in sediment samples taken 1m from the shore. Similarly,
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amount of PAH detected in water samples taken Sm from the shore was less than

letected in water samples taken 10m from the shore. There was also significant
ces for the distance and seasonal interactions. Most lower molecular weight PAH
aphthalene and acenaphthylene only showed significant differenézs Im from the
and not Sm from the shore for sediment samples, even with changes in seasons.
‘higher rholecular weight PAH like Chrysene and pyrene showed significant
rences at Sm distances from the shére with seasonal variations. In the water samples,
ower molecular PAH such as acenaphthylene and .acenaphthene did not show
ificant differences with distance, even with seasonal variations. This was also

ed with higher molecular weight PAH like benzo(a)anthracene, chrysene and

nzo(ghi)perylene.

average individual PAH accumulation levels in the Car Wash water samples were
ind to be several magnitudes above the internationally recommended exposure levels.
detected levels were above the Environmental Protection Agency (EPA)

cinogenic accumulation level per kg human body weight for anthracene,

aphthene, fluoranthene, fluorine and pyrene..

is study therefore showed that Winam Gulf of Lake Victoria is éigniﬁcantly polluted
' fhe investigated PAH. It has also showed that the pollution of the Gulf by the PAH
lependent on season and the distance inshore. This being the first report for this region,
information contained can be vital to environmental conservation organizations and to

umu City planners since the City is probably the highest contributor to this pollution.

XVi



term polycyclic aromatic hydrocarbon, (PAH), commonly refers toé large class of
rganic compounds containing two or more fused aromatic rings. In particular, PAH
efers to compounds containing carbon and hydrogen atoms (unsubstituted parent PAH
nd their alkyl-substituted derivatives). They are colourless, white, pale yellow or green
s with melting and boiling points generally above 100°C (WHO, 1998). They have
_"r origin in both natural and anthropogenic processes. However several studies have
dicated that the anthropogenic input of PAH to aquatic sediments far exceeds that of

natural sources (NAS, 1971).

;Major human activities which produce PAH include pyrolysis of wood to produce
. arcoal and carbon black, coke production, manufacturing of gas fuel, power generation
from fossil fuels, combustion of fuels in internal combustion engines. incineration of
-."rindustrial and domestic wastes, | oil refinery processes and chemical engineering
T;operations among others (Lipkea, 1978; Longwell, 1983; Olten and Senkan, 1999;
'*Weilmuenster et al., 1999; Hall Roberts ef al., 2000). By-products of these processes,
-.'.:'vivhich contain significant amount of PAH, have been dumped on the land, in the waters
- or bﬁried at subsurface sites. Airborne particulates, generated from these processes and
‘?arrying PAH, are transported worldwide in the atmosphere and usually find their final

- destination in soils and in sediments of aquatic systems (McVeety and Hites, 1988;




are of concern in the environment not‘ only because they('vare ubiquitous
l minants and recalcitrant towards degradation (NRC, 1983; Lockhart e/t al., 1992),
it also because several members of this class of compounds are well-documented
nogens (Heidelberger, 1976). Somé, while not carcinogenic, may act as synergists
let and Brecher, 1984; McVeety et al., 1988). The United States Environmgntal
ction Agency (USEPA) has included 16 unsubstituted PAH in their list of 129

ity pollutants (ATSDR, 1995); these are shown in Figure 1.

Acenaphthylene
1 Acenaphthene Pyrene
" Fluorene Anthracene
- Benzo[a]anthracene
F Phenanthrene :
Fluoranthene Chrysene




Benzo[b]fluoranthene Benzo[k]fluoranthene lndergg[1 2,3-cd]pyrene

Benzo[a]pyrene Dibenz[a,h]anthracene
Benzo[g,h,i]perylene
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:igure 1: Showing structures of the sixteen PAH listed by United States Environmental

A Protection Agency as priority contaminants

¥

The fact that chemicals could cause cancer arose from the observation of Percival Pott of

rSt Bartholomew’s Hospitél, London in 1775, when he noted high incidence of cancer of

- serotum among chimney sweepers who often had to climb up inside chimneys to sweep
the soot down (Pott, 1777). Although he deduced correctly that the soot was responsible
- for the cancer, at this time, it was not possible to determine the compounds responsible
fbr that serious tissue damage. Japanese workers later discovered that painting extracts of
soot onto the skin of mice caused tumours of the skin (WH07 1998). It was 1929 when
the first pure chemical carcinogen DahA (dibenzo[a,h]anthracene) was isolated from soot
extract at the Chester Beauty Research Institute by Kenﬁaway (WHO, 1998). Doll, on the
basis of wide epidemiological and statistical analysis proved in 1953 that cigarette
smoking was a prime cause of lung cancer (Hall-Robets ef al., 2000). Careful analysis of
the smoke and tar obtained from cigarettes showed that it contained many carcinogenic
PAH, from which BaP (benzo[a]pyrene) was assessed as the most dangerous compound

~ (Hall-Roberts et al., 2000).
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Jow aqueous solubility, limited volatility and recalcitrance towards degradation allow
a accumulate to levels at which they may exert toxic effects upon the environment

—— APy OO

:,. 8); Onuska, 19389). ere 1S Increasing concern about the contamination of
ny environmental substances with PAH, especially air, water and‘foodts—v making human
z:ii and aquatic organisms particularly susceptible to these pollutants. There is
fore a need for a better understanding of their formation, behaviour and fate in the
onment. The history of PAH distribution and exposure in the environment can be
termined from the changes in their concentration in the lake sediment with depth, after
lowance is made for biodegradation and disturbances to the sediment by bioturbation
nd water movements (Meyers, 1976).

Kisumu City is the third largest City in Kenya. It is situated on Winam Gulf of Lake
‘f_,ctoria. Winam Gulf is the principal port of the 1Lake on the Kenyan side (Ogutu-
wayo et al., 2002). The City has a number of potential sources of PAH including spills
‘m open air garages and petrol stations (without oil interceptors), car wash activities,
ﬁmers, railway maitainance shéd and other petroleum based industries (David and
cy, 1995)

i

-2 Statement of the problem

;j!e ievel of persistence of the 16 USEPA priority pollutants PAH in the Winam Gulf is
unknown. With the increase in the potential sources of PAH in the Winam Gulf, such as

il spills, use of petroleum based engines, industrial and domestic garbage incineration, a

number of carcinogenic PAH could be ofﬂoéding to the Gulf waters. Significant
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ence of these PAH in the sediments and waters of the Gulf would exert toxic

_i'?a inherent PAH in lubricating oil and those from catalytic petroleum combustion
processes are emitted to the waters of Winam Gulf mainly from non-point sources. Being
_"iquitous contaminants, PAH accumulate in the waters and sediments of the Gulf.
Determination of types and levels of PAH in the sediment and water samples of the Gulf
.ould point towards possibility of accumulation in biota and fish from the region. The
'-e and sources of PAH in the region can be screened for by analysis using GC-FID and

GC-MS techniques.

- 1.4 Justification of the research

A study done by German Environmental Consultants in 1985 revealed that most petrol
.b‘- stations, built up and open air garages in the Winam Gulf do not have functioning oil
interceptors, hence discharge oil directly into sewer lines and open grounds. Further, oil
spills from Kenya pipeline station, steamers, railway maintenance‘ shed and petroleum
based industries finally discharge into the Lake (Anonymous, 1985). Another study in
199_6 estimated that open air garages poured- 182,500 litres of used and dirty oil per year
' on the ground leading to a total load of oil to the Winam Gulf of the Lake of 18,250 litres

| per year. It was also estimated that car wash activities in Kisumu City dumped 51,200




being a well documented source of PAH (Natus, 1978; Davies et =a‘T., 1988; Mills,
* Williams et al., 1986a; Williams et al., 1986b; Lalah and Kaigwara, 2605), there is
_‘ong need to carry out studies regularly on PAH pollution levels, especially at
7isignated Winam Gulf sites exposed té heavy use of petroleum fractions and municipal
disposal. No such work has been documented in the Winam Gulf region leading to
:fk of documented information on PAH pollution for the area. Such information is vital
in the management of the Lake with reference to matters of environmental protection,
zdevelopmental activities and town planning. This research therefore, sought to unravel

pollution status of the Gulf by the 16 USEPA priority pollutant PAH.

1.5 Objectives

The objectives of the research were;

(i)  To establish the particular United States Environmental Protection Agency listed

| priority pollutant Polycyclic Aromatic Hydrocarbons present in samples drawn

from Winam Gulf.

' ‘(‘ii) Quantify these Polycyclic Aromatic Hydrocarbons in water ahd sediment samples
” | from the Gulf.

": (i)  Determine any fluctuations of the PAH in water and sediments samples

with seasonal changes and changes in distance of sampling from the shore.

To establish the relationship between the amount of PAH in water and sediment




samples.

‘To compare some individual PAH concentration levels in the sampled Gulf water

with the international standards.

Scope and limitations of the research

- research was restricted to screening for and quantifying the sixteen unsubstituted
H, listed by USEPA as potential car.cinogens, since their external standard mix was
ilable. The PAH are acenaphthene, acenaphthylene, anthracene, benzo(a)anthracene,
zo(b)fluoranthene, benzo(k)fluoranthene, benzo(g,h,i)perylene, benzo(a)pyrene,
’* sene, dibenzo(a,h)anthracene, fluoranthene, fluorene, indeno(1,2,3-cd)pyrene,

hthalene, phenanthrene and pyrene (Heidelberger, 1976; ATSDR, 1995).

e limit restricted sampling to only two points of the Gulf perceived to be
presentative of the most susceptible regions to PAH pollution from both point and non-
t sources within the Gulf. These points were Car wash area and the lake entrance of
r Kisat, which discharges a lot ‘of raw sewage and garbage into the lake (David and

81995).




2.1.1 Identity of PAH

Polyaromatic hydrocarbons, polyaromates, polynuclear aromatic hydrocarbbns, or PAH
all refer to a class of organic compounds containing two or more fused aromatic rings
de up of carbon and hydrogen atonﬁ. The aromatic rings are either cata-condensed
linearly or angularly) or peri-condensed. The cata-condensed PAH are either branched or

sﬁon-branched systems containing only six membered rings (WHO, 1998).

2.1.2 Physical and chémical properties

;_Polycyclic aromatic hydrocarbons are usually crystalline solid materials having high
melting points and low vapour pressures, very low water solubilities, and usually
.gxhibiting some colour. Because of their relatively low vapour pressures, low water
solubilities, and due to their aromaticity, they exhibit a strong adsorption affinity for
‘inorganic and organic surfaces (Oﬁuska, 1989). PAH are considered to be associated with
'ﬁ’suspended particulate matter in both the atmospheric and aquatic environment. Some
physical data for the USEPA priority pollutant PAH is given in Table 1, showing that
tiley have high molecular weight ranging from 128.19 to 0 278.36‘, high melting points
. and Boiling points ranging from 81 to 278 and 128 to 496°C, respectively. Their water

jv solubility is low ranging from 0.3 to 800 pg/L.
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1: Showing physical data for USEPA priority pollutant PAH

Weight  point ("C point ("C) (ng/l
128.19 81‘ 28 7 .
| aphthene 154.21 96 A5 "'—
166.23 177 294 800
nanthrene 178.24 | 101 338 435
178.24 216 . 340 39
Fluoranthene 202.26 111 383 260.0
202.26 186 -~ 393 133.0
Benzo(a)anthracene 228.30 162 435 sub 11.0
;_hrysene 228.30 256 441 1.9
L:ib‘enz(a,h)anthracene 278.36 270 ‘ - -
nzo(g,h,i)perylene 276.34 278 - 0.3
| naphthylene 152.21 2 270 -
-‘ nzo(b)fluoranthene 252.3 2 168 481 2.4
,_nzo(k)ﬂuoranthene 252,32 217 481. :
h"iPE enzo(a)pyrene 252.32 177 ’ 496 3.8
: _deno(l,2,3-cd)pyrene 276.34 - . -

Key: sub: “sublimes”, - unavailable in literature
- Source: Onuska, 1989.
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h PAH comprise a diverse range of organic compounds, some general trends in

peratures, some PAH, especially the lower ‘molecular weight c;)?npounds, exist
particularly in the vapour phase. Loss of material due to volatilization dufing ambient
'f’gspheric sampling over relatively long periods has been reported (Lee er al., 1981).
published values of the solubilitieé of PAH indicate a wide variation, reflecting in
art the differences in preparation and determination of PAH solutions. In general, the
trends observed can be summarized as:

Water solubility of PAH decreases, as their molecular weight increases.

lineary fused aromatic rings, such as naphthalene and anthracene, are usually less
soluble than angular or peri-condensed PAH such as chrysene and phenanthrene.

Alkyl substitution of the aromatic ring decreases water solubility (WHO, 1998).

L:‘Iemperature has a significant influence on the solubility of PAH, as can be demonstrated
: in the case of water solubility of anfhracene. Its solubility increases from 12.7 + 0.5 pg/L
:fo 55.7 £ 0.7 pg/L when the temperature is increased from 5 to 29°C (WHO, 1998).
PAH undergo chemical reactions characteristic of organic aromatic molecules, including
- 1,2-additions, 1,4- additions and electrophilic substitutions (Onuska, 1989). The type of
reaction that occurs, as well as the rate of reaction, is dependent upon the molecular

_1, structure of the particular PAH in addition to the reagent and the reaction medium.

-10 -
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the presence of ultra violet light and oxygen (oxic conditions), PAH readily undergo

D o e - 1.
A 30S0rd radiation g drio e o110

hoto-oxidation (Onuska. 1989). Differen

xcited singlet state which may react with a second ground state molec‘uble to produce a
J

,e product or undergo a transition to an excited triplet state (Onuska, 1989). Reaction
; L the excited triplet state molecule with ground state molecular oxygen produces excited
glet state PAH molecule which yield oxygenated products. PAH can undergo further
ylation and ring cleavage during photolysis. One-electron oxidations can also occur,
‘:QL oducing radical cations. Being unstable, radical cations react with water molecules or
f;‘m nucleophiles to produce diols, quinones, aldehydes, and dimmers (Onuska, 1989).
I5AH are soluble in very many organic solvents and are highly lipophilic. At atmospheric
conditions, they are chemically rather inert. The only reactions that are of interest with
-Spect to their environmental fate and possible sources of loss during atmospheric

sampling are photodecomposition and reactions with nitrogen oxides, nitric acid, sulphur

oxides, sulphuric acid, ozone, and hydroxyl radicals (Onuska, 1989).

32 Sources of PAH in the environment

 Little information is available on the production and formation of PAH, but it is probable
‘\'t-hat only small amounts of PAH are released as a direct result of production and
] formétion activities (NAS, 1971). The PAH formed are principally used as intermediates
| m ‘the production of polyvinylchloride -and plasticizers (naphthalene), pigments

~ (acenaphthene, pyrene), dyes (anthracene, fluoranthene), and pesticides (phenanthrene).

- PAH are generally not produced commercially in the United States except as research

11 -




largest emissions of PAH result from incomplete combustion of oﬁganic materials
Wg industrial processes and from other human activities including:

" Processing of coal, crude oil, and natural gas, including coal coking, coal
conversion, petroleum refining aﬁd production of carbon blacks, creosote, coal-
tar, and bitumen;

Aluminum, iron and steel production in plants and foundries;

Heating in power plants and residences;

Combustion of refuse;

Motor vehicle exhaust emissions; and

Environmental tobacco smoke (Longwell, 1983; WHO, 1998; Weilmuenster et

al., 1999).

:AH, especially those of highef molecular mass enter the environment, via the
n osphere, adsorbed onto particulate matter (WHO, 1998). The hydrosphere and
‘ phere are affected secondarily by wet and dry deppsition. Creosote-preserved wood
18 another source of release of PAH into the hydrosphere, and depoéition of contaminated
fusé, like sewage sludge and fly ash, contributes to emissions of PAH into the
eQSphere. PAH occur naturally in peat, lignite, coal and crude oil. Most of the PAH ‘in

hard coal are tightly bound within the coal structure and cannot be leached out (WHO,

1998).

-12-




>

¢

s a result of incomplete combustion, it is believed that a diesel engine emits over 10,000

ymbpounds.eithe N.09 nhase.or.adsorched.onto T rbon.nard o O ocn.O W form.o O

imes more particulate matter than gasoline powered internal comBustion engines
(Lipkea, 1978; Anonymous, 1983). It is suggested that the formation of thesev particulates
their chemical nature are influenced by chemical compositions of the fuel used as
as the combustion characteristics iﬁ the engine (Lipkea, 1978; Andrew et al., 1983;
and Senkan, 1999; Schulz et al., 1999; Lalah and Kaigwara, 2005). The nature of
‘ se particulates varies depending on the chemical composition of the fuei, i.e.its C, H,
S and trace metal content and the degree of aromaticity of the fuel. The particulates
are defined here as any dispersed matter collected on filter papers at a temperature below
‘5°C excluding condensed water (Barth and Blacker, 1978). Studies have shown that
I se particulates contain PAHs (Andrews et al., 1983; Schulz and Sinks, 2002, Lalah
':'- Kaigwara, 2005). These particulates are emitted into the atmosphere and eventually
find their way back into soil and into aquatic environment.

e origin of PAH in exhaust emissions has been an important subject of research
'e dressing the question as to whether they are formed during the combustion process or
-: e simply unburnt fuel or a combination of both (Wakeham et al., 1980 b; Sporstal et al.,
%1983§ Budzinski et al., 1997). From analysis of high boiling-point residues obtained from
E@atalytic reactors of refineries, it was found that large amounts of PAH were formed in

f the catalytic cracking processes during refining (Lipkea, 1978).

-13 -
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H are inherent in fuel and in lubricating oils and these therefore can contribute to

s, 1983; Williams er al., 1986 a; Williams er al., 1986 b; Davies er al., 1988).
imental evidence deduced from recent combustion studies done%n a variety of
indicates that chemical kinetics during combustion is the dominaﬁt formation
ocess that influences exhaust particulate emissions and that PAH are also combustion
nerated (Weilmuenster et al., 1999; .Hall-Roberts et al., 2000). The composition of
fuels is extremely complex consisting of hydrocarbons, oxygenated organic
ompounds, parent and substituted PAH, nitrogen, sulphur, heterocyclic and inorganic

ompounds (Anonymous, 1985).

’mestic and residential heating emit phenanthrene, fluoranthene, pyrene and chrysene
major PAH components (WHO, 1998). The emissions from wood stoves is 25-1000
:_ﬂs higher than those from charcoal-fired stoves, and in areas where wood burning
'. dominates for domestic heating, the major portion of airborne PAH may be from this
‘ urce. The main compounds releésed from petrol-fuelled vehicles are fluoranthene and
ene while naphthalene and acenaphthene are abundant in the exhaust of diesel-fuelled
7:??1 icles. The exhaust emission rates depend on engine 'conditions and may range from a
/ nanograms per kilometer to more than 1000 mg/km (WHO, 1998). PAH emissions
1530 - vehicle engines are dramatically reduced by fitting catalytic converter devices

WHO, 1998).

- 14 -




Environmental distribution

0 000 tonnes of PAH reach the marine environment and are ubiguito

ine the fate of both individual PAH and their mixtures. They tréf?el through the
10sphere as a gas or attached to dust particles. They are carried by air /currents and
‘sited by dry or wet (rain, dew) deposition. When deposited in water, they sink to the
m of lakes and rivers. Some mové through the soil and contaminate ground water

tensen ef al., 1997, WHO, 1998).

_'“'tioning between water and air, between water and sediment and between water and
are the most important of the distribution processes. As PAH are hydrophobic with
ow solubilities in water, their affinity for the aquatic phase is very low, however, in spite
he fact that most PAH are released into the environment via the atmosphere,

iderable concentrations are also found in the hydrosphere (WHO, 1998).

he affinity of PAH for organic phases is greater than that for water, their partition
efﬁcients between organic solvents, such as octanol, relative to water are high. Their
| ity for organic fractions in sediment, soil, and biota is also high, and PAH thus
.“"ccumulate in organisms in water and sediments and in their food chain. Benzo(a)pyrene
fb’ioaécumulates in sediment and biota at 100 to 10,000 times the level found in water.
PAH biodegradation in microorganisms and metabolism in higher biota are important

P

- pathways in the environment since more carcinogenic metabolites may be formed (WHO,

©1998).

-15 -
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1 the Baltic Sea, very low concentrations ranging from 0.001 — 4.8 ng/L of PAH have

reas the concentration of the higher-molecular-weight five and six ring compounds

nained below 0.1 ng/L.

J concentration of PAH in spring hés been found to be below that measured during
with their lowest concentration being measured in summer (Witt, 1995). .This
oncentration variation has been attributed to seasonal changes in degradation intensity
adman et al.,‘ 1984; Whitehouse, 1984). During the winter period, low sea water
peratures limit the microbial decomposition of PAH. The photo-oxidation of these
compounds, which is correlated to the light intensity, is also lower in autumn. On the
}‘»er hand, during the spring plankton bloom, a high amount of detrital material is
e duced that might effectively scavenge PAH and transfer them to the sea floor. Another

possible explanation could be the increased atmospheric input of PAH in autumn (Jensen,

The seasonal distribution patterns are more significant for the low-molecular-weight PAH
(two to three rings) due to their higher sensitivity to photo-oxidation and microbial
.’frgradation, whereas the four to six ring PAH do not show any significant differences

e to their high persistence for microbial degradation (Witt, 1995).

- 16 -
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layer results mainly from the atmospheric input. However, the concentrations of
H are higher in sea water near the sea floor than in the water justbelov& the subsurface
1995). The elevated concentrations in the bottom water has been attributed to the

ution of resuspended sediment particles.

astal marine environments, river run-off is an important source of PAH
ination (Herrmann and Hubner, 1982). This implies that the concentrations of
H in rivers and estuaries should be higher than in the open sea, consequently,

tration of the aromatics decrease with increasing distance from the river mouth

, 1995).

majority of PAH in sediments are thought to be derived from the combustion of
| fuels (Hites et al., 1977). Due to their lipophilic character and their high
stence, PAH can accumulaté in the sediments (Neff, 1979). PAH persistence
N ases with increasing molecular weight (Witt, 1995). PAH in the sediments are
a ly associated with the organic matter (Evans et al., 1990). High amounts of PAH

in sediments with a high total organic carbon.

the sediments, the higher- molecular-weight and more lipophilic and hydrophobic

H predominate probably due to their higher persistence (Witt, 1995). The higher-

= 177 -
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‘lecular-weight aromatics are preferentially adsorbed by particulate matter and

K

23.1 Air | T

n temperate regions, the level of individual PAH tend to be higher in wi’nter than in
‘s mer by at least one order of magnitude. The predominant source during winter is
S‘idential heating, while that during sﬁmmer 1s urban motor vehicle traffic emissions.
"vérage concentrations of 1-30 ng/m3 of individual PAH have been detected in. the
bient air of various urban areas (WHO, 1998). In large cities with heavy‘ motor vehicle
a fic and extensive use of biomass fuel, levels of up'to 200 ng/m® have been detected
HO, 1998). These allegations are yet to be ruled out in developing countries such as
:fenya where more than 70% of energy consumption is based on biomass combustion.

3.2 Surface water and precipitation

ost of the PAH in water are believed to result from urban run off, from atmospheric
llout (smaller particles), and frorﬁ asphalt abrasion (larger particles) (WHO, 1998). The
"~ajor sources of PAH vary, however, in a given body of water. In general, most samples
;?f surface water contain individual PAH at levels of up to 50ng/litre but highly polluted

i

tivers could have up to 6 000 ng/litre (WHO, 1998).

2.3.3 Sediment
The concentrations of individual PAH in sediment are generally one order of magnitude
higher than those in precipitation (WHO, 1998). Hydrocarbons, including PAH, in

I
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Hydrocarbons, especially PAH released as a result of partial combustion of fuels

(such as gas, coal, oil and wood) for transportation, heating and powef generation.
PAH originating in forest and grass fires, transported to the marine environment
through acolean and fluvial procc;sses. This source is usually important to
consider only at the ppm (ug/g dry weight) or less concentration level.
Biosynthesis of selected (biogenic) hydrocarbons by marine or terrigeneous
organisms.

Early diagenesis transformations in sediments or in the overlying water column of
non-hydrocarbon biosynthetic natural products to hydrocarbons. An example is
the microbial and possibly chemical transformation of sterols and hopanols to
partially aromatized hydrocarbons (Brassel et al., 1981). This source is
quantitatively important in organic rich sediments and in areas receiving sewage
and sewage sludge inputs aﬁd when analyzing for pollutant

hydrocarbons at the ppm concentration levels or less (UNEP, 1992).

-19-



Natural sources

Marine seeps 0.02-2.0
Sediment erosion 0.005-0.5
Offshore production 0.04 - 0.06
Transportation
Tanker operations - 04-1.5
Dry docking 0.02 -0.05
Marine terminals 0.01 -0.03
Bilge and fuel oils 0.2 =06
Tanker accidents 03-04
Non-tanker accidents 0.02 -0.04
Atmosphere 0.05-0.5
Municipal and industrial runoff '
Municipal wastes 04-1.5
Refineries 0.06 - 0.6
Non-refining industrial waste 0.1 — 0.3
Urban runoff 0.01-0.5
River runoff 0.01-0.5
Ocean dumping 0.005 - 0.02

ource: NAS, 1985

ents play an important role in uptake of PAH by some species since PAH dissolved
E.sea water are accumulated from sediment (WHO, 1998).‘ The ratio of the concéntration
individual PAH in a bottom dwelling organism and in thé sediment is such that the
accumulation factor is usually < 1 when expressed as wet weight. It is therefore
important that the concentration of PAH in sediments is regularly monitored in the
vironment (WHO, 1998).Table 2 indicates that oil spills, municipal wastes and
;:mospheric deposition are very signiﬁcaﬁt sources of PAH input into large aquatic
v’ﬁvironments. It is therefore expected that Winam Gulf, at Car Wash and Kisat river

-

- entrance, would indicate significant levels of PAH in sediment and water.

-20 -




| Aquatic organisms

ne organisms are known to absorb PAH from water and accumulate them in their
es. The degree of contamination in water and sediments is related to the extent of
strial and urban development, and shipping movements. PAH concerit(fations of up to

g/kg have been detected in aquatic organisms living near industrial effluents (WHO,

.verage levels of PAH in aquatic animals sampled at PAH contaminated sites have
n found to be 10-500 ng/kg, although levels of up to 5 mg/kg have also been detected
D, 1998). The average levels of PAH in aquatic animals sampled at various sites
h unspecified sources of PAH have been found to be 1-100 pg/kg, but concentrations

Ip to 1 mg/kg have been detected in lobsters in Canada (WHO, 1998).

General human population

: 1e main sources of non-occupational exposure are: polluted ambient air, smoke from
fire places and cooking, engfironmental tobacco smoke, contaminated food and
_f'ng-water, and the use of PAH-contaminated products. PAH can be found in indoor
a result of residential heating and environmgntal tobacco smoke at average

neentrations of 1-100 ng/m*, with a maximum of 2300 ng/m® (WHO, 1998).

he intake of individual PAH from food has been estimated to be 0.10-10 pg per person.
he total intake of benzo(a)pyrene from drinking water has been estimated to be 0.0002

_person (WHO, 1998). Cereals and cereal provd‘ucts are the main contributors to the

221 -



inetics and metabolism
of PAH into the human body is mainly through the pulmonary tract, the
yintestinal tract, and the skin. The rate of absorption through the lungs depends on
.e of PAH, the size of the pérticles on which they are adsorbed, and the
_ition of the adsorbent (WHO, 1998). PAH adsorbed onto particul_ate matter are
1 from the lungs more slowly than free hydrocarbons. Absorption from the
testinal tract occurs rapidly in rodents, but metabolites return to the intestine via
ry excretion (WHO, 1998). Studies done with **P-post labeling of percutaneous
‘tion of PAH mixtures in rodents showed that.components of the mixtures reach the

;-*;I where they become bound to DNA (WHO, 1998). -

is wide distribution of PAH throughout the organism after administration by any
and they are found in almost all internal organs, but particularly those rich in lipids.
travenously injected PAH are cleared rapidly from the blood stream of rodents but can
ss the placental barrier and have been detected in fetal tissues. The metabolism of
::' is complex, but in general, parent compounds are converted via intermediate
ides to phenols, diols and tetrols, which can themselves be conjugated with
& acids or with glutathione. Most metabolism results in detoxification, but some
H are activated to DNA-binding species, principally diol epoxides, which can initiate

n (WHO, 1998).
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e metabolites of PAH and their conjugates are excreted via the urine and faeces, but

ugates excreted in the bile can be hydrolyzed by enzymes of the gut and reabsorbed
VHO, 1998). PAH do not persist in the body and have rapid turnover, except those PAH
that become covalently bound to tissue‘ constituents. Benzo{é)pyrene, when
nistered by the oral route, produced tumours of the gastrointe;stinal tract
tomach), liver, lung and mammary glands of mice and rats (WHO, 1998).

:E'Effects on humans

are exposed to substances such as PAH, many factors will determine whether
ful health effects will occur and what the type and severity of those health effects
‘be. These factors include the dose (how much), the duration (how long), the route or
athway by which you are exposed (breathing, eating, drinking, or skin contact), the
chemicals to which you are exposed, and your individual characteristics such as

sex, nutritional status, family traits, lifestyle, and state of health (ATSDR, 1995).

m dermal application, anthracené, fluoranthene, and phenanthrene have been found to
ce specific skin reactions, and benzo(a)pyrene, to induce reversible regressive
ucae which are classified as neoplastic proliferations (WHO, 1998). The typical
t of naphthalene, after dermal or oral exposure, is acute haemélytic anaemia, which
-also affect fetuses transplacentally (WHO, 1998). The systematic effects of
phthalene are known from numerous cases of accidental intake, particularly Ey
ren. The lethal oral dose is 0.03 — 0.3 mg/kg body weight for adults (depending on

"iady weight and PAH type), and 2000mg for a Child, taken over two days (WHO, 1998).
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co smoking is the most iﬁpoﬂant single factor in the induction of lung tumours and
or increased incidences of tumours of the urinary bladder, renal pelvis, mouth,
X, larynx, and oesophagus (WHO, 1998). Occupational exposure to soot as a cause
’!,», cancer was noted for the first time in 1775 (WHO, 1998). La£c?r, occupational
to tars and paraffins was reported to induce skin cancer. The lung is now the
sitt of PAH — induced cancer, whereas skin tumours have become more rare
se of better personal hygiene. Incréased lung tumour rates due to exposure to PAH

been found in coke-oven workers and asphalt workers (WHO, 1998).

iy

risk of the general population developing lung ‘cancer over a lifetime has been

3 air, translating to about one

f‘ated to be 10.4 to 10.5 per ng of benzo(a)pyrene per m
' 1 in 10,000 or 100,000 developing lung cancer in his or her lifetime as a result of
.ﬁre to benzo(a)pyrene in air (ATSDR, 1995). The genotoxic effects of PAH have
n determined by testing for mutagenicity in urine and faeces and for the presence of

cronuclei, chromosomal aberrations and sister chromatid exchange in peripheral blood

nphocytes (ATSDR, 1995).

e American government has set regulations to protect peopie from the possible health
of eating, drinking, or breathing PAH. Environmental Protection Agency (EPA)
as suggested that taking into your body each day the following amounts of individual
_Jl is not likely to cause any harmful health effects: 0.3 milligrams (mg) of anthracene,
06 mg of acenaphthene, 0.04 mg of ﬂuorz;nthene, 0.04 mg of fluorene, and 0.03 mg of
'f‘ne per kilogram (kg) of your body weight (one kilogram is equal to 2.2 pounds)

SDR, 1995). The American government has developed regulatory standards and
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we to protect people 'fro-m the potential health éffects of PAH in drinking water.
1as provided estimates of levels of total cancer-causing PAH in lakes and streams
iated with a risk of human cancer development. The following are the EPA lower
limits of individual PAH in the environment within a 24-hour period:
Erﬁ]ﬂuoranthene, benzo[a]pyrene, or dibenz[a,h]anthracene, (0.454 kg);
].anthracene, (4.54 kg); acenaphthene, chrysene, fluoranthene, or indeno[1,2,3-
yrene, (454 kg); or acenaphthylene, anthracene, benzo[k]fluoranthene,
_‘}g,h,i]perylene, fluorene, phenanthrene, or pyrene, (2267.96 kg) (ATSDR, 1995;

United States of America, National Institute for Occupational Safety and Health
concluded that occupational exposure to coal products can increase the risk of
-and skin cancer in workers. It established a recommended occupational exposure
v,‘iﬁme-weighted average (REL-TWA) for coal tar prdducts of 0.1 milligram of PAH
cubic meter of air (0.1 mg/m?) for a 10-hour workday, within a 40-hour workweek
R, 1995). The American Conference of Governmental Industrial Hygienists
*GIH) recommends an occupational exposure limit for éoal tar products of 0.2 mg/m?
‘, 8-hour workday, within a 40-hour workweek. The Occuf)ational Safety and Health
' istration (OSHA) for United states of America lobour department has established a
enforceable limit of 0.2 mg/m? averaged over an 8-hour exposure period. The
A Permissible Exposure Limit (PEL) for mineral oil mist is 5 mg/m? averaged over
‘8-hour exposure period. NIOSH has co;lcurred with this limit, and has established
3L-TWA for mineral oil mists of 5 mg/m? for a 10-hour work day, 40-hour work week,

tha 10 mg/m’ Short Term Exposure Limit (STEL) (ATSDR, 1995).
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> United States of America, Department of Health aﬁd Human Services (DHHS) has

ermined that some PAH are reasonably carcinogenic (ATSDR, 1995). In the body,
iare changed into chemicals that can attach within the body and special tests can
ect these chemicals in body tissues or blood. However the tests cannot tell whether
;alth effects will occur or find out the extent or source of exposure. TaBle 3 below
ws results of tests for genotoxicity and carcinogenicity of the 16 USEPA priority

¢

llutant PAH (WHO, 1998).

2
N

ble 3. Showing results of genotoxicity and carcinogenicity tests for the 16 USEPA
' Priority pollutant PAH

Genotoxicity Carcinogenicity
naphthene : (7 @)
phthylene ‘ (? No studies
racene _ I
(a)anthracene e +
zo(b)fluoranthene + +
(k)fluoranthene + +
nzo(ghi)perylene + B
zo(a)pyrene + +
+ 0
Jibenz(a,h)anthracene + +
luoranthene < (+)
luorene B B
+ . +
_ (?)
() (?)
() : ()
( ?, questionable
negative (), results derived from small database.
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preferred in getting sediments under water since it does not lose stirface layers as
brought up through the water column (Riddle, 1989). The initial arrival of PAHs to
ment may be in the form of fine flocculent material at the sediment / water

erface, a layer which is not retained by most grab and coring devices (Baxter ef al,

sampling is done at subsurface (just below surface), near surface (1 m below
face) or near bottom (1 m from the bottom) with samplers which must be deployed
1 retrieved in the closed position (Boehn, 1995). The sample jars are lowered by hand
1 opened or un-capped only at the sampling depth. The water samples are immediately
in cooler and kept at 4°C, but should not be frozen (Boehn, 1995). Water samples
'e held at 4°C in the dark for up to 7 days without loss of sample integrity, while
extracts can be held for 40 déys under the same conditions without loss of sample

ty (Boehn, 1995)

6.2 Sample extraction
y extraction and purification techniques depend on the matrix. PAH are extracted
tom samples using Soxhlet apparatus, ultrasonically, by liquid-liquid partition after

an ple dissolution or alkaline digestion, with a selective solvent (Novotny et al., 1984).
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ent extraction is attractive when the sediment mainly consists of clay particles

with contaminants which are not easily biodegradable (Novotny et al., 19884)

acted samples are usually purified by column chromatography,‘T)articularly on

aromatic hydrocarbons with benzene (Novotny et al., 1984; Williams et al., 1986a).
gel and alumina, used in the routine clean up process, have been shown to catalyze

’-:oxidation of PAHs (Lee et al., 1981), resulting in decreased recoveries.

""Identiﬁcation and quantification by Gas Chromatography and High Pressure

:_ Liquid Chromatography

a ification and quantification are routinely performed by gas chromatograph with
ionization detection (GC-FID) or by high performance liquid chromatography
with ultra violet or fluorescence detection. In gas chromatography, fused silica
ry columns are used, with pblysiloxanes (SE-54 and SE-52) as stationary. phases;
C18 columns are commonly used in HPLC. GC-MS analysis has been reported to
Ir'ide low detection limits and good reproducibility (Wise et al., 1993), while GC-FID
shown to be suitable for sites with high level contaminanfs (Christopher et al.,
GC-MS is often used to confirm the identity of peaks (Andrews et al., 1983;

no! ymous, 1983).
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ntification, the chrom"ato-graph is calibrated by injecting an appropriate standard
;, and the surrogate standard used in the analysis. Response factors (RFs) are
in terms of peak area.ng”'. This is done for the peaks on the basis of area units
» by an electronic integrator. With vaporizing injectors, the high boiling
s factors generally decline from C26 through C36. Hydrocarbons in samples are
‘5‘ed by injecting a known aliquof of the fractionated extracts into the GC (UNEP,
areas are electronically integrated and used to calculate the concentrations as
uation 1. The areas of the surrogate standards are used to compute the recovery
Z; the analytical procedure.

(ng.g”" dry weight) = Peak area on GC. S (1)
g dry weight

from external standard run are computed and tabulated as peak area.ng.
(dilution factor) is computed as total extract volume (uL) divided by pL injected.
sary this result can be corrected for the recovery of the surrogate standard through

edures. Individual compounds are reported as ng.g”' dry weight (UNEP, 1992).

External Standard Calibration

‘:lves comparison of instrument’s response from the sample to the responses from
compounds in the calibration standards. Sample peak areas (or heights) afe
to peak areas (or heights) of standards. This is achieved by use of calibration

tor (CF) or least squares regression (LSR). The CF is the ratio of detector response to
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(mass) of analyte in the calibration standard and is calculated as shown in

n2. (UNEP, 1992).

Qe o grea or halphe) o BoEouRd WA 0 e )

Mass (concentration) of compound in std

re regression, a linear regression of instrument responsé vs the concentration
andard is obtained with instrument response as the dependent variable (y) and
ion as the independent variable (x).

ssion produces a slope and intercept in terms of a linear equation of the form

in equation 3.

y = Instrument response (peak area or height).
a = Slope of the line (also called coefficient of x).
x = Concentration of the calibration standard.

b = the intercept

ssion calculation generates a correlation coefﬁci¢nt (r), which is a measure of
of fit"" of the regression line to the data. In order to be used for quantitative
s, (r) must be greater or equal to 0.99 (UNEP, 1992). The sample concentrations
s model are obtained by making x in equatioﬁ 3 the subject of the regression

to obtain equation 4..
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ction. The response factor (RF) which is the ratio of the peak area (E)‘f height) of the
;analyte in the sample or sample extract to the peak area (height) of /the internal
’E: in the sample or sample extract (equation 5), is compared to a similar ratio
for each calibration standard..The minimum acceptable response factor in

titative analysis is approximately 0.01 for the least responsive compound (UNEP,

RE e XS s PR il (5)
Ais x Cs

Where:-
As - peak area (or height) of the énalyte.
Alis - peak area (or height) of internal st.;mdard.
Cs - concentration of the analyte.

Cis - concentration of the internal standard.

internal standard calibration is not as useful for GC and HPLC methods with
-MS detectors because of the inability to chromatographically resolve many internal

dards from the target compounds (UNEP, 1992).
J\

Study area
Victoria is situated at 0°21°N-3%0’S, 3139°-34°53°E astride the equator on an

de of 1240 m above sea level with a surface area of 68800 sq. km (Ogutu-Ohwayo
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002). Kisumu City is situated at 0°6’S, 34%5°N (Wikipedia, 2006) on the North
he Winam Gulf, which is part of the Kavirondo Gulf of the Lake Victoria. It is the
est city in Kenya as well as the principal port of the lake on the Kenyan side. It

ulation of 322,724 according to 1999 population census.

recent past, Jua-kali sector (small holder industries) has received great attention
the government and donor couﬁtries and has rapidly expanded. By 1996, the
ered Kisumu Jua-kali association had a membership of 10000 operating about
'orking spaces in the town with the major activity of repairing diesel injectors,
‘ehicle overhaul, panel beating and spraying of motor vehicles (David and Nancy,
'.Next to these garages were small-scale mechanics dealing with minor vehicle
anical problems. These garages contribute to an estimated total load of used oil to
ake of 182500 litres oil per year (David and Nancy, 1995), making the pollution
ation described above more serious. Washing of vehicles on the pavements of streets
in the lake, which started in 1960, has also recently increased as a commercial
discharging oil spills dire.ctly into the open Gulf waters. Railway wagons and
ers transporting oil to the depots are cleaned on site and the railway harbour, which
ted operating in 1901, occasionally causes localized 40il spills from the fuelling points.
'.il and diesel spills after servicing of the trains and ships contribute to localized
tion around the Kisumu bay. The fuel storage tanks are washed once every 5-10
the resultant water dumped into drains. Car washing, including engine waéh,

| approximately 51200 litres of oil per year for an average 200 cars per day (David
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cy, 1995). Significant PAH pollution is therefore expected in this area, especially

3 ‘ udy was undertaken to analyse sediment and water samples drawh from Winam
Lake Victoria in Kenya. Car Wash area of the Gulf and the entrance o/f river Kisat
Gulf were selected to represent the Gulf because they are highly susceptible to
"'pollution from point and non-poirﬁ sources, mainly from Kisumu City, situated in
sumu Bay of Winam Gulf (Figures 2). This analysis was meant to bridge the
] v :

wledge gap created by lack of documented information on the types and quantities of

I in the Gulf,

-33-




i
© KAKAMEGA
" OKAPSABET

L L Kapyapoidy ) S :
Yala;;gan;;&-\‘ o . % I

Bwampr i
' [ #rewsry distiliers

a Stations Gl Agro-industral towns
~ Rivers A Sugar refineries
Coffee procesing

® Towns Gy Agro-industrial towns

figure 2: Map of Winam Gulf showing the location of Kisumu City and
surrounding features
urce: School of Environment and Earth Sciences, Maseno University, Kenya.




> dealer was HPLC grade, 95% puré. Analytical grade anhydrous Na,;SO,, analytical
concentrated H,SO4, analytical grade 2,4-dinitophenylhydrazine (DNPH) .and
u grade silica gel (230 - 400 mesh) were also purchased from ZE’TA chemicals
';standard mix-9 was obtained from Dr. Ehrenstorfer, Bgm-Schlesser-Str 6A.86199
-_j Germany, certified sediment and standard water were obtained from Institute
Marine Biosciences, Cénada. Pure nitrogen, hydrogen and oxygen gases for GC-FID

s were purchased from East African Oxygen Company in Kisumu.

 Instruments

he instruments used included: Sédiment grab sampler (locally made) (plate 1 and 2),
ndersurface water sampler (locally made), deep freezer, rotary evaporator ( model
}‘:21-1665), suction pump ( model 7049-05, 230V, Chicago), Memmert Oven, Orbital
’er ( SO1 Stuart Scientific model), analytical balance ( Fisher S‘cientiﬁc A-16, USA)

nd Gas Chromatograph ( GC-17A Ver.3 SHIMADZU).
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fe 1: Locally made grab sampler
closed position

- Plate 2: Locally made grab sampler
Open position

- 36 -




ical methods

f'*\__“

I e
/ Rk wSAT
/ KISUMU AERODROME 5 g SERE
h7 { 4 ~ s o
¥ % = . -
3, ~ KMFR M »n »
1| . . A D |
>/ KENYA MATCHES ~ 1x MUNICIPAL SEWAGE
2 JETTY TREATMENT WORKS |
2/
CIUNITED MILLERS ‘
2%/ Clesso peThoLEUNM DEROT

KISUMU BAY Fewry l ]

YIETTY = { NPUT

RAILWAY RIER 7

A
A / B
4
NYALENDA WASTE
ESUMEET 4 STABHLIZATION PONDS
’

PANDIPIERL
8 SQUARTER
YACHT CLUBY pywATER 2 SETTLEMENL,
Lo WRRS’ <

HIPPO POINT

PUMP HOUSE

S5CALE 1 1 50,900

0 R 2 Km
t,...._.._*.on——w—h-—\—-——-—*"‘

e

/ XKIBUGA POINT
' L. SAMPLING P OINTS
I3

1
<@
= . KISUMU D C. BOUHDARY

. SEWAGE OUTFALL FROM CONVENT-
AONAL TREATMENT,
_ SEWAGE QUTFALL FROM THE PONDS

o )3\(“

5
g ¥re 0

MUNICIPALITY SHOWING KISUMU BAY, SAMPLING STATIONS AND SEWAGE OUTFALL INTO Y

AY

ure 3: Map of Kisumu Bay showing the sampling sites
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ing sampling at Car Wash, between 30 to 50 cars were found being waéhed (Plate 3)

this was a probable anthropogenic source of PAH in this area.



‘te 3: Showing car washing at Car Wash sampling site

.th sediment and water sampling were done over two seasons:

Dry season sampling done on 28" Qctober, 2005

Wet season sampling done on 20" April, 2006.

iment sampling was done using a pre-cleaned sediment grab sampler at about 1 metre
d 5 metres from the shore, respectively. The ca.200 g samples were kept in pre-cleaned
250 mls sample jars with lids lined with aluminium foil and kept cooling box kept at low

mperatures with dry ice.

Water sampling was done using a pre-cleaned undersurface water sampler about 5 and 10

‘metres respectively offshore and one metre below the surface. The water samples were
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4: Experimental design; showing the number of samples per site,
season and their labeling.

Wet season Dry season
River Kisat entrance Car Wash | River Kisat entrance | Car Wash
samples

3 (SSa) 3(SSb) | 3 (SSc) 3 (SSd)

3 (SSe) 3(SSf) | 3(SSg) 3 (SSh)
t:‘ samples |
ff shore 3 (WSa) 3 (WSb)
off shore 3 (WSc)* ' 3 (WSd)
g Total number of samples = 36

SS - Sediment Sample and the samples were differentiated with lower

; case letters depending on sampling site and distance from the shore.
- WS - Water Sample and the samples were also differentiated with lower
3 case letters as was done with sediment samples.

'Preparation of solvents, reagents and glassware.

R grade methanol, dichloromethane and toluene were all double fractionally distilled
A

fore use. Silica gel, glass wool and anhydrous Na,SO, used in the experiments were

. . . .
first put in clean beakers and heated in a Memmert oven at a temperature above 200°C for

tleast three hours before being cooled in a dessicator.
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detergent tor at [east ours. lhey were then washed and rinsed with tap
10wed by distilled water and dried in a Memmert oven at 100°C-for two hours
being stored in a dust free cabinet. The glassware would always be rinsed with
174 or acetone, or methylene chloride or n-hexane.

;xtraction of analytes from sediment samples

: ass of each sediment sample was Soxhlet extracted with 250 ml vof the double
v.x methanol (CH3;OH) for four hours at a fill-empty rate of 2 cycles/hr. The extract
'fiv allowed to cool for 30 minutes and 25 ml of 0.7N KOH added. The resultant
~was further refluxed for two hours (UNEP, 1992).

4

KOH/CH;0H mixtilre was then poured into a glass separating funnel with a glass
 cork. The extraction glass was rinsed with two aliquots of hexane totaling to 50 mls
washings added to the sepérating funnel. The funnel was tightly stoppered and
er vigorously for 5 minutes carefully venting vapours out of the inverted funnel
dically, through the tap. The mixture was then clamped on a retort stand and phases
“ ed to separate. The hexane top layer was then removed and filtered through
.rous Na,SO; in a Buckner funnel under suction pump and further rinsed with

xane aliquots totaling 20 ml. This layer was the non-saponifiable lipid (NSL) fraction

"»'ning the non-volatile hydrocarbons (UNEP, 1992).

- 40 -




natograph column packed with 8 g of deactivated silica gel with NaySOy added to a
itof 2 cm. Two 1ml aliquots of hexane were used to wash the extract onto the silica
Ie PAH were subsequently eluted with 15 ml hexane and then 25 ml of 1:1 (V:V)
‘:dichloromethane mixture. The ﬁ}rst 8 ml containing a large amount of aliphatic
f was discarded (Christopher ef al., 1995). The next eluent containing the analytes
,gn collected and concentrated under reduced pressure on a rotary ’evaporator to
‘f , then 2 ml of toluene added as keeper (Christopher ef al., 1995) and the remainder
exane and dichloromethane evaporated on a rotary evaporator. The final product was
1 pipetted into a glass vial and the flask rinsed twice with 1ml washings of toluene and
rin ings added tvo the sample vial. The samples were then kept in a deep freezer at

_ for 4 days awaiting GC-FID analysis.
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e was then injected into the GC-17A Ver.3 SHIMADZU under the conditions
in Table 5

5 : Showing GC-FID conditions for analysis

1 type - DB-17 i
n length and ID :30.0m. 0.25mm ID

n sampling time 0.5 min

n oven program :

Rate Temperature Hold time

- ’ 60.0 1.0
3.0 180.0 2.0
5.0 250.0 2.0

2 Sul

: FID

:310°C

:77.0 kPa

:3mL / min

:0.83 mL / min

)

: Splitless

s 250%C

. Nz/AiI‘

area of every peak was interpreted as representing the amount of the particular PAH
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ple peaks were converted into concentrations. The percent récovery of the

ate standard was then used to correct the sample concentrations for recovery after

cesses of extraction, purification and machine analysis.

Extraction of PAH in water samples

of water sample was put in a 5 litre conical flask lagged with aluminium foil
'»en with 250 ml Dichloromethane on an orbital shaker (SO Stuart Scientific
) for 6 hours at 250 rpm (UNEP, 1992). This was then allowed to settle and the
"‘chloromethane layer separated in a 500 ml separating funnel. The resultant
,z‘ layer was removed by filtering through a funnel stacked with glass wool. The
romethane was then shaken with 50 g anhydrous Na,SO, and further filtered
w glasswool in Buckner funnel (500 ml) under a suction pump. The resultant
as then concentrated in a fotary evaporator under an suction pump to ca.5 ml
5 in a deep freezer at -20"C before column purification was done. Column

‘a and GC-FID analysis followed the same procedure as for the sediment




a2 d o

concentrated H,SO4 and diluted with distilled water to 1 litre. The solution was further
diluted with distilled water to 1 ppm. One millilitre of the 1ppm DNPH solution was
added to 50 g of certified sediment from the National Research Council Canada (Institute
of Marine Biosciences) and thoroughly mixed and kept in a dark cabinet for 12 hours
Lefore being subjected to the same analytical procedure as the sediment samples.

Similarly, 1 ml of the 1 ppm DNPH solution was added to 1 litre of certified standard

water, thoroughly mixed, kept in a dark cabinet for 12 hours and then subjected to same

analytical procedure as water samples.

These samples with surrogate standards were used to calculate recovery percentage after
¥

extraction and purification processes as shown in equation 6 below:

i

' ] ound — A ' pikeds
% Recovery _ Amount foun mount fromunspikedsamplex100 ©6)

Amount spiked

Where:-
Amount found is the calculated concentration from the response of the spiked sample.
Amount from unspiked sample is the original concentration of the spiked sample before

spiking.

Tf e recovery ranged between 71 and 78%. showing that the extraction and purification
processes did not waste a lot of the analytes (UNEP, 1992). The blank solvent (n-hexane)

samples were reduced in a rotary evaporator as the other samples and subjected to GC-
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5 Authentication of results

S analysis of the external standard mix-9 was done to verify if the compounds
d in the GC-FID analysis were the actual target compounds (PAH). The GC-MS

ons used were as specified in Table 6.

le 6: Showing GC-MS conditions of analysis

or temperature

3 oven temperature
al temperature

:'5‘ ion volume

gramme rate

ZN2

: DB-5, 60m, ID 0.25
- 280°C, splitless

1 50°C

: 320°C

£5.00pl

-4~ 6"C/min
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‘er of PAH were detected in the sediment and water samples, with“concentrations
ge of 0.04 to 16.46 pg/g for sediment samples and 3.32 to 55.8 pg)L for water
which is an indication of significant pollution of the Gulf by individual PAH
‘7—9). It is important to note thét the means were calculated by assuming that
;_‘concentrations below detection limits used were zero. Similar works in o.ther
have shown that samples of surface water contain individual PAH at levels of

ng/L, but highly polluted rivers have concentrations of up to 6000 ng/g (WHO,
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ble 7. The mean amounts of identified PAH (ug/g) in Car Wash sediment samples

Acenaphthylene nd nd nd nd
naphthene 0.86 +0.07 0.93 +0.12 0.84 + 0.04 1.57 £ 0.07
orene nd nd 0.04 £ 0.06 nd
enanthrene 0.74 £ 0.04 0.75+0.10 1.24+0.23 2.66 +0.33
thracene 1.42 +0.40 1.78 £ 0.11 1.80 + 0.01 1,76+ 0,12
oranthene 0.58 + 0.03 0.68 +0.15 0.80 + 0.04 0.90 + 0.61
ene 110 0,12 1.08 + 0.26 111 £0.21 1.54 £ 0.03
170(a)anthracene nd nd nd nd
rysene 0.30 + 0.04 0.34 + 0.03 -0.95 + 0.06 1.55+0.40
nzo(b)fluoranthene 0.44 +0.02 0.54 + 0.01 0.59 £ 0.02 1.63 +0.06
1z0(k)fluoranthene 0.38 +0.01 0.42 +0.03 0.43 +0.03 0.71 £0.03
nzo(a)pyrene 0.87 £ 0.06 1.20 +0.49 2.05+0.11 1.05+0.16
eno(123cd)pyrene 2.74+£0.37 3.25+0.24 2.88+0.25 296022
enzo(ah)anthracene nd nd nd nd
1zo(ghi)perylene 1.41 +£0.22 1.60 = 0.06 2.47 +0.08 1.32+0.11
Al 15.56 21.86 26.16

19.44

te: ‘nd’ denotes ‘not detected’. Im and Sm refer to sampling distance from the shore.

3 Mean values and standard deviations are rounded up to 2 decimal points, n=3.
diment samples were found to contain relatively higher concentrations of PAH than
samples. The total detected mean concentration for sediment samples had a range
$.56 to 26.16 and 66.79 to 161.34 pg/g for Car Wash and Kisat sediment samples,
pectively, compared to the detected total mean concentration range of 170.44 to
'65 ug/L (equivalent to 0.17044 to 0.24006 pg/g, 4taking the density of water as 1
for water samples. This is consistent with the documented observation that the
;ntrations of individual PAH in sediment generally occur one order of magnitude
sher than those in precipitation (WHO, 1998). Vertical fluxes through the water column
also signiﬁcantly accelerated in waters by adsorption of both soluble and particulate

n residues into fast sinking fecal materials generated by the zooplankton
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ble 8. The mean amounts of ide

ples, was therefore consistent with these earlier reported observations.™

ntified PAH (ng/g) in Kisat sediment samples

4 Dry season Wet season
b Im Sm Im Sm
phthalene 11.77+£0.83 | 15.13+1.03 | 1646+1.13 | 15.62+0.51
enaphthylene 5.98 +0.71 16.19+1.40 | 11.39+0.51 17.29 + 0.34
enaphthene 4.18 +0.78 8.43 +0.29 18,19 % 1.98 13.85 £1.48
orene 0.81 +0.01 11.44+0.62 | 13.28+1.10 | 14.28+0.36
enanthrene 6.98 + 0.47 10.26 + 0.68 825+1.03 | 9.87+0.08
thracene 10.22 + (.82 15.33 £1.39 8.57 +0.63 9.52 +1.84
joranthene 0.76 + 0.09 1.62+0.47 4.37+0.51 11.96 +0.25
6.39 + 0.32 15.33 +0.36 9.01 +0.33 12.22 + 0.65
nzo(a)anthracene 2.81 +0.30 7.194:0.25 3.59 + 0.56 nd
rysene 200 % 1 54 31.95+1.13 421 +0.32 19.31 +£0.32
enzo(b)fluoranthene nd nd 0.28 + 0.05 1.61 £0.15
enzo(k)fluoranthene nd nd - 0.27 +0.07 nd
nzo(a)pyrene +1.36 =025 8.60 + 0.44 3.40+1.30 7.22 +0.82
ideno(123cd)pyrene nd 10.53£18.24 | 0.36+0.13 nd
benzo(ah)anthracene | 13.51 £0.53 | 22.83+0.90 | 16.09+0.91 | 25.16+2.57
nzo(ghi)perylene nd Nd 3.41 £0.46 343+0.19
AH 66.79 174.83 118.04 161.34

f

- 48 -
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1566 +1.10 | 28.75+1.14 | 21.84+1.81 | 28.67+1.50
9.12 + 1.07 2076 £ 1.11 | 13.07+0.54 | 19.93+£0.52
12.08 + 0.92 9.39+0.58 1047 +1.26 | 16.14+0.72

0.82+0.53 5.39 + 0.37 3.39£0.18 11.53£1.12

6.47 +1.15 4.37 +0.66 7.60 £ 0.57 11.78 £ 0.53

nd 4.99 + 0.54 3.53+£0.61 5.32+0.26

12.68 +0.85 | 12.57+0.74 | 11.86+0.74 | 16.49+0.82

6.58 £ 0.42 7.07 +0.48 9.69 £ 1.06 6.85+0.11

5.75+£0.47 8.47+1.11 13.87 +0.36 8.93 + 1.53

o(b)fluoranthene nd 332+ 1.13 4.58 £ 0.38 6.90 + 1.26
o(k)fluoranthene 9.21+£0.96 5.74 £ 0.70 6.82 + 0.44 9.54+£0.83
0(a)pyrene 1561 +094 | 13.82+1.04 | 10.16+0.97 | 17.26+0.98

nd nd 4 nd nd
7.25+£2.10 10.10 + 0.85 7.10 £ 0.55 9.89+0.11
1461 +1.17 | 1419+1.03 | 21.94+1.72 | 15.62+0.71
172.44 194.19 196.07 240.65

:‘nd” denotes ‘not detected’, 5m and 10m refer to sampling distance from the shore.
- Mean values and standard deviations are rounded up to 2 decimal points, n=3.

Kisat sediment samples generally showed higher mean concentrations for the

yidual PAH than Car Wash sediment samples. This could be attributed to the
ment types from these two sampling points. The Kisat sediments, mainly from
~°tion by the Kisat river, were coarser and silt-sized while Car Wash sediments were
. The penetration of oil into sediments is related to the sediment type and
‘f)sition. Coarser sediments allow greater penetration than fine unconsolidated
'ents. Coarser sediments also have higher rates of biodegradation than fine
“ents. Consequently, the highest concentrations are associated generally with silt-
sediments, which have a larger surface area (Yunker et al., 1996; Baumard e al.,

3: WHO, 1998).
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s since only two means were compared. The total amount of individual PAH detected

¢t season samples was higher than those detected in dry season samples (Figures 4-

4
W

,re was significant difference (P<0.05) between the mean concentrations for
ne, acenaphthylene, chrysene, acenaphthene, phenanthrene, anthracene, pyrene,
flouranthene, benzo(a)pyrene and dibenzo(a.h)anthracene detected in wet and

n Kisat sediment samples.



Ddry season
B wet season

PAHs

Showing mean seasonal concentration variations for Car Wash sediment
samples) '

phthalene. 2-acenaphthylene, 3-acenaphthene, 4-fluorene, 5-phenanthrene,
6-anthracene, 7-fluoranthene, 8-pyrene, 9-benzo(a)anthracene,10-chrysene,
1-benzo(b)fluoranthene, 12-benzo(k)fluoranthene, 13-benzo(a)pyrene,
14-indeno(1,2,3-c.d)pyrene, 15-dibenzo(a,h)anthracene, 16-benzo(g.h,i)perylene.
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dry season

Bwet season

6 7 8 9 10 1" 12
PAHs

fic 5: Showing seasonal mean concentration variations for Kisat sediments
-naphthalene 2-acenaphthylene, 3-acenaphthene, 4-fluorene, 5-phenanthrene,
6-anthracene, 7-fluoranthene, 8-pyrene, 9-benzo(a)anthracene,10- -chrysene,

11 -benzo(b)fluoranthene, 12-benzo(k)fluoranthene, 13-benzo(a)pyrene,
14-indeno(1,2,3-c,d)pyrene, 15-dibenzo(a,h)anthracene, 16- benzo(g.h,i)perylene.
‘Wash samples also showed significant differences (P<0.05) for the mean
centrations of naphthalene . acenaphthylene , acenaphthene . flourene , flouranthene,
ene, benzo(a)anthracene , chrysene , benzo(b)fluoranthene and benzo(ghi)perylene
cted in wet and dry season. This \may be attributed to the fact that most of the PAH
‘be offloading to the gulf through surface run-off from non-point sources such as
et runoff, industrial and municipal discharges in addition to the loads derived from the
: position of atmospherically transported residues of combustion and the contaminant

S associated with spills and disposal operations (Boehm, 1987). Surface run-off is

gher during rainy seasons and this sweeps through the city’s open air garages, open
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stems carrying PAH adsorbed on to solid particles. This leads to

ncentrations during this season as compared to dry season when only Kisat river
0 the Gulf with less PAH pollution load. This indicates that pollution of the Gulf

H is mainly from non-point sources rather than point sources such as industrial

Bdry season

B wet season

PAHs

gure 6: Showing mean concentration variations with season for Car Wash water
samples ’

y I-naphthalene, 2-acenaphthylene, 3-acenaphthene, 4-fluorene, 5-phenanthrene,

- 6-anthracene, 7-fluoranthene. 8-pyrene, 9-benzo(a)anthracene,10-chrysene,

- 11-benzo(b)fluoranthene, 12-benzo(k)fluoranthene, 13-benzo(a)pyrene,

- 14-indeno(1,2,3-c.d)pyrene, 15-dibenzo(a.h)anthracene, 16-benzo(g.h.i)perylene.
study also shows that while the sum of mean concentrations of detected PAH in

diment and water samples was notably different, the distribution of individual PAH in

e samples was also different. Water samples predominantly accumulated the lower
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,. 1d dissolution (Wakeham, et al., 1980a), these lower leecul‘e‘iY weight PAH

0 be more soluble in water (Wakeham er al., 1980b).

y

amount of PAH detected in se.diments samples taken 5 m from the shore was
ligher than those detected in sediment samples taken 1 m from the shore.
the total amount of PAH detected in water samples taken 5 m from the shore
“than those detected in water samples taken 10m from the shore (Figures 7-9). In
s, the 5 m individual PAH concentration trend graph is generally above the 1 m
PAH concentraﬁon trend graph. These differences can be explained by the
urbances and redistribution in sediment and water column along the shore (Witt,
-LThere is higher tidal disturbance at 1 m distance for sediments than at 5 m
, while for water, there is greater redistribution at 10 m distance than at 5 m

ce, in addition to enhanced tidal disturbance at 5 m distance.
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PAHs

re 7: Showing the trend of variations in mean concentration of PAH (1 m and 5 m
from the shore) for Car Wash sediment samples.

: I-naphthalene, 2-acenaphthylene, 3-acenaphthene, 4-fluorene, 5-phenanthrene,
‘6-anthracene, 7-fluoranthene, 8-pyrene, 9-benzo(a)anthracene,10-chrysene,
‘11-benzo(b)fluoranthene, 12-benzo(k)fluoranthene, 13-benzo(a)pyrene,
‘14-indeno(1,2,3-c,d)pyrene, 15-dibenzo(a,h)anthracene, 16-benzo(g,h,i)perylene.

e: The individual PAH concentrations are joined to glve a comparative trend graph
for the two sampling distances

e were significant differences (P<0.05) between the mean concentrations for
anthrene , anthracene , benzo(k)flouranthene and dibenzo(ah)anthracene detected in
f"'tsediment samples drawn 1 m and 5 m from the shore respectively. Car wash

iment samples had significant differences (P<0.05) for the mean concentrations of

hthalene , phenanthrene ,pyrene , chrysene , benzo(a)pyrene and benzo(ghi)perylene




PAHs

: Showing the trend of mean concentration variations of PAH (1 m and 5 m from
the shore) for Kisat sediment samples

-naphthalene, 2-acenaphthylene, 3-acenaphthene, 4-fluorene, S-phenanthrene,
6-anthracene, 7-fluoranthene, 8-pyrene, 9-benzo(a)anthracene,10-chrysene,
11-benzo(b)fluoranthene, 12-benzo(k)fluoranthene, 13-benzo(a)pyrene,

' 14-indeno(1,2,3-c.d)pyrene, 15-dibenzo(a,h)anthracene, 16-benzo(g,h,i)perylene.

e: The individual PAH concentrations are joined to give a comparative trend graph

~ for the two sampling distances ' '

geted in samples drawn 1 m and 5 m off the shore respectively. Similarly, the detected
n concentrations in samples drawn Sm and 10m offshore for water samples showed
ificant differences (P<0.05) for flourene , phenanthrene , anthracene .,pyrene ,

z0(a)anthracene ., benzo(b)flouranthene .benzo(a)pyrene .dibenzo(a,h)anthracene and

(ghi)perylene.
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——5m

e 10m

Showing the trend of mean concentration variations of PAH (5 m and 10 m
from the shore) for Car Wash water samples

Vnaphthalene, 2-acenaphthylene, 3-acenaphthene, 4-fluorene, S-phenanthrene,
thracene, 7-fluoranthene, 8-pyrene, 9-benzo(a)anthracene,10-chrysene,
-benzo(b)fluoranthene, 12-benzo(k)fluoranthene, 13-benzo(a)pyrene,
ndeno(1,2,3-c,d)pyrene, 15-dibenzo(a,h)anthracene, 16-benzo(g,h,i)perylene.

. The individual PAH concentrations are joined to give a comparative trend graph
for the two sampling distances

observation is also supported by the fact that there is more light and dissolved
at 1 m distance than 5 m distance. This provides the oxic conditions required for
L icrobial degradation of the PAH (Hinga et al, 1980; Lee and Ryan, 1983;
man ef al., 1984). In the presence of light and oxygen, PAH readily undergo photo-

r;':(, leading to diols, quinones, aldehydes and dimers as the metabolites. After

the aquatic environment, organic materials can have various fates, including
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depth, most of the PAH transform into their metabolites. It was also notable that
sediments closer to the shore were coarser and silt-sized in contrast to sediments more
ore which were finer in texture. Coarser sediments support higher rates of
,: adation than fine sediments (Yuhker et al., 1996; Baumard et al., 1998; WHO,

).

‘mean concentration variations with distance were most pronounced in Kisat
ment samples than in Car Wash sediment samples. However this variation was least
‘.unced in Car Wash water samples. This is probably due to variations in depths and
.bation. The Kisat area is rather shallow at 5 m than car wash area due to siltation
Kisat river. Therefore PAH at 5 m distance in Kisat area are more susceptible to
radation than those from 5 m distance at car wash area perhaps because of greater
and higher nutrient concentration (WHO, 1998). Water samples were taken at
low the surface both at 5 m and 10 m distances from the shore and therefore the
at these two distances were having equal photodegradation effects. The general
it increase in the mean concentrations between 5 m and 10 m distances for water
ies could be attributed to the fact that there is more disturbance of the PAH at 5 m
ce by the waves than at 10 m distance from the shore. PAH generally adsorb té
pended particles in surface waters with the lighter hydrocarbons remaining in solution

chm, 1987). Sorption of organic contaminants onto particles has been shown to
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s that experience higher disturbances (Dixon ez al., 1987).

:concentration variations could also be attributed to distance and season interactions
ﬂse interactions showed significant differences as indicated by the given LSD values
jires 10-12). This could be because there is less variation in mean concentrations_ as
istance increases in shore, even with seasonal variations. This observation may be
ed to dilution factor on the PAH concentrations ‘which tends to become constant
th increase in depths (WHO, 1998). It is therefore possible that the dilution fate of the

is the most dominant factor making the sediments inshore to have relatively lower

nstant PAH concentrations.
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, re 10: Kisat sediment season-distance mean PAH concentrations graph
l-naphthalene, 2-acenaphthylene, 3-acenaphthene, 4-fluorene, S-phenanthrene,

- 6-anthracene, 7-fluoranthene, 8-pyrene, 9-benzo(a)anthracene,10-chrysene,

- 11-benzo(b)fluoranthene, 12-benzo(k)fluoranthene, 13-benzo(a)pyrene,
14-indeno(1,2,3-c,d)pyrene, 15-dibenzo(a,h)anthracene, 16-benzo(g,h,i)perylene.

(I)-LSD values
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re 11: Car Wash sediment season-distance mean PAH concentrations graph

: |-naphthalene, 2-acenaphthylene, 3-acenaphthene, 4-fluorene, 5-phenanthrene,
6anthracene 7-fluoranthene, 8-pyrene, 9-benzo(a)anthracene,10-chrysene,

Bl1- -benzo(b)fluoranthene, 12-benzo(k)fluoranthene, 13-benzo(a)pyrene,
14-indeno(1,2,3-c.d)pyrene, 15-dibenzo(a, h)anthracene, 16-benzo(g,h, i)perylene.

(I) LSD values
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jgure 12: Car Wash water season-distance mean PAH concentrations graph
y: 1-naphthalene, 2-acenaphthylene, 3-acenaphthene, 4-fluorene, 5-phenanthrene,
6-anthracene, 7-fluoranthene, 8-pyrene, 9-benzo(a)anthracene,10-chrysene,

11-benzo(b)fluoranthene, 12-benzo(k)fluoranthene, 13-benzo(a)pyrene,
14-indeno(1,2,3-c,d)pyrene, 15-dibenzo(a,h)anthracene, 16-benzo(g,h,i)perylene.

(I)-LSD values

ost lower molecular weight PAH like naphthalene and acenaphthylene only showed
ificant differences 1 m from the shore and not 5 m from the shore for sediment
mples, even with changes in seasons. This could be attributed to their being more

luble in water and therefore do not easily settle to the bottom of the water to get
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s (Wit, 1995; Ying et al, 2003).

-igher molecular weight PAH like Chrysene and pyrene | showed significant
\‘ces at 5 m distances from the shore with seasonal variations ( Figuresv 10 and 11)
they are less soluble and tend to settle at the bottom of the water where they get
i‘l;o the sediments (Wit, 1995; Ying et al, 2003). The amounts that enter the waters
dry and wet seasons would therefore affect the amounts that get adsorbed to the

1ents.

he water samples, the lower molecular PAH such as acenaphthylene and
'hthene did not sholw significant differences with distance, even with seasonal
g'o,ns (Figure 12). This was also observed with higher molecular weight PAH like
"f\a)anthracene, chrysene and benzo(ghi)perylene. This could be attributed to the fact
'r water sample, dispersion in water for the PAH is usually very fast as a result of
,, and that solubility of the iﬁdividual PAH would not change with season (Witt,
Ying et al, 2003).

?"etected pollution levels versus some exposure limits set by different
Av{environmental Safety Bodies

%verage individual PAH accumulation levels in the Car Wash water samples wefe
"d to be several magnitudes above the recommended exposure limits by various

fes. The National Institute for Occupational Safety and Health (NIOSH) recommends
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hown in Table 10.

rkweek. Similarly, Occupational Safety and Health Administration (OSi%A), limits the

xposure to individual PAH at 0.2 mg/cm’ (ATSDR, 1995).

he average accumulation ranges for individual PAH detected in the Car Wash water

mples, within the used parameters of season and distance from the shore, were as

able 10. Showing average individual PAH accumulation ranges and weekly exposure to
PAH on consumption of Car Wash water

| PAH Range (pg/L) Weekly exposure fora 2 L

| cdnsumption per day (mg)

| Naphthalene 45.26 - 55.80 0.63 —0.78

| Acenaphthalene 15.66 - 28.75 0.22 - 0.40

| Acenaphthene 9.12 - 20.76 0.13-0.29

| Fluorene 939 - 16.14 0.13-0.23
‘Phenanthrene 3.39 -11.53 0.05-0.16
‘Anthracene 437 - 11.78 0.06 —0.16
Fluoranthene 3.53 - 532 0.05 - 0.07

 Pyrene 11.86 - 16.49 0.17-0.23

| Benzo(a)anthracene 6.58 - 9.69 0.09-0.14
Chrysene 5.75 - 13.87 0.08 —0.19
Benzo(b)fluoranthene 3.32 - 6.90 0.05-0.10
Benzo(k)fluoranthene 5.74 - 9.54 0.08-0.13
Benzo(a)pyrene 10.16 - 17.26 0.14-0.24
Indeni(123-cd)pyrene not detected

 Dibenzo(ah)anthracene 7.10 - 10.10 0.10-0.14
 Benzo(ghi)perylene 14.19 - 21.94 0.20 - 0.31

pte: Data includes ‘dry’ and ‘wet” seasons.
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ar Wash water is significantly polluted by PAH.

ironmental Protection Agency (EPA), has also given lower limits on carcinogenic
‘ ulation levels for some PAH per k.g body weight as shown in Table 11 (ATSDR,
5). Above these levels given by EPA, the individual PAH are carcinogenic.. It
’.:efore means that for an average body weight of 55kg, the accumulatioﬁ limits in pg
x Id be 16500, 3300, 2200. 2200 and 1650 for anthracene, acenaphthene, fluoranthene,
"rine and pyrene respectively. A person of 55kg body weight taking 6 litres of Car
water per day would therefore reach the anthracene carcinogenic lower limit within
days, assuming there are no processes removing it from the body. A similar
sumption would give 27, 69, 23 and 17 days for acenaphthene, fluoranthene, fluorine

nd pyrene, respectively. This would indicate very high toxic exposure levels.

able 11: Lower carcinogenic accumulation limits per kg body weight

Anthracene 0.3 mg
Acenaphthene O.Q6 mg
Fluoranthene 0.04 mg
Fluorene 0.04 mg
Pyrene / 0.03 mg

i

ource:  ATSDR, 1995
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able 12: Showing the GC-FID and some GC-MS retention times for the identified PAH
- PAH GC-FID retention
time (mins)

GC-MS retention
time (mins)

7 naphthene 18.61
naphthylene 16.52
hracene 26.96

enzo(a)anthracene 40.01
enzo(b)fluoranthene 44.52
nzo(k)fluoranthene 44 .85

enzo(ghi)perylene 54.25
enzo(a)pyrene 45.51
hrysene 41.49
enzo(ah)anthracene 53.25
luoranthene 31.63
luorene ‘ 20.46
deno(1,2,3-c,d)pyrene 5179
aphthalene 13.23

henanthrene 25.99
33.42
28.47

17.55
16.55
26.05
nms
44.26
nms
nms’
45.56
nms
nms
31.55
20.50
51.41
nms
25.50
nms
nms

f"GC-FID retention times were qﬁite comparable with those of GC-MS indicating that
f]GC-F ID method of analysis was appropriate. The GC-FID method can therefore be
d for analysis for samples expected to be highly pollluted since its detection limit is
eciably high, However, when used, GC-MS must be used to cohﬁrm if the detected

’jpdunds are the target compounds since GC-FID is not confirmatory.
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onclusions
From the two sampling points within Winam Gulf, i.e. Car Wash and Kiézt river mouth,
is study has identified the sixteen USEPA characterized carcinogenic, PAH and
”etermined the extent of pollution of the Gulf region by these contaminants. In all the
" es where these PAH were detected, tne pollution levels by individual and total PAH
were found to be significant. Considering the data presented in this report and those
) esented elsewhere in the literature, the conclusion drawn in this study can be
summarized as below:
The detected PAH in the water and sediment samples were in the ng/g range, which
i is a significant contam’ination level by the individual PAH. Only Acenaphthalene,
- Benzo(a)anthracene and Dibenzo(a,h)anthracene were not detected in Car Wash
- sediments. Similarly, indeno(1,2,3-c,d)pyrene was not detected in the Car Wash water

- samples within the GC-FID detection limits.of 0.2-10 ng/g for sediments.

' The sediment samples were found to contain higher mean individual and total PAH
concentrations than water samples drawn from the same sampling points.

‘:‘éKisat sediment samples exhibited higher mean concentrations for individual and total
"‘AH than Car Wash sediment samples indicating that runoff is’ a major source of
PAH pollution to the Gulf.

iower molecular weight PAH e.g. Naphthalene were found to have higher mean
oncentrations in water samples compared to higher molecular weight PAH e.g

sene.
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Individual and total mean PAH concentrations generally increased with increasing
- distance inshore, both for sediment and water sémples. -

/. The mean concentrations of individual PAH showed less variation with season with
the increase of sampling distance inshore. This difference could be attributed to water
- disturbances nearer the shore.

. Pollution levels of the sampled Car Wash water by individual PAH were found to be
~ far above the acceptable levels given by EPA, NIOSH, OSHA and ACGIH. The use

-~ of this water for drinking and domestic cooking can be a significant source of human

- exposure to PAH.

5.2 Recommendations

Further work on accumulation levels of individual and total PAH in fish and other
biota from the Gulf region as these can be important sources of PAH exposure to the
dependant human population. |

‘f’; Itis clear as reported in this work that pollution of the Gulf by PAH is through urban
* runoff, it is recommended that the City council of Kispmu should formulate by-laws

" restraining oil companies operating filling stations from direct disposal of oil and oil

' prdducts into open sewers.

Itis also recommended that Car Wash activities be restricted to built up sheds with oil
- receptors to avoid oil spills finding its way to the Gulf waters. Similarly open air

] garages should be reconstructed to include oil receptors for used oil disposal.

- 68 -




Y

u Water and Sewerage Company should consider treatment of sewers

50 include reduction of levels of total PAH pollutants. -

er work should be done 6n other sites within the Gulf to establish the types and

uantities of PAH in these sites as various points of the Gulf may be exposed to PAH

hrough different environmental processes.

Further work need also be done on the Gulf to establish the presence of other
carcinogenic PAH, their substituted forms and their metabolites as it is believed that a
ood number of PAH convert to their metabolites in oxic conditions, and that some

metabolites are more carcinogenic than the parent PAH. The investigation of the PAH

transformation and the metabolites formed should also be done.
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