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ABSTRACT

Instabilities in electric power supply create theed for alternative power sources. Generators Haaeome the
major alternative for backup power supply. Exharsissions (gases and particles) from these genmratintain various
pollutants which negatively influence the ecosystEme focus of this work was to evaluate the leféleavy metals and
polycyclic aromatic hydrocarbons (PAHS) in sootnfrdhe exhaust of standby generators sampled frometsity of
Ghana, Legon campus. Heavy metals (Cd, Cr, Cu,Hfe,and Mn) and PAHs were determined from twenty) (20
generators using Atomic Absorption Spectrophotometed Gas Chromatograph — Mass Spectrometer (GC-MS)
respectively. Iron gave the highest mean conceotraif 9.20 mg/kg while Lead showed the lowest nceacentration of
0.11 mg/kg. With the exception of Chromium, thecentrations obtained for the other heavy metalsewfar above the
World Health Organization maximum acceptable linids air and water reception and therefore represanpossible
health hazard. Using GC - MS, 15 out of 17 PAHsewdentified based on their retention times. Theyenwquantified
using their peak areas. Benzo (g,h,i)perylene réedrthe highest mean concentration of 384.0 ngdgir Significant

molecular diagnostic PAH ratios were used to deteenthe major source of PAH contamination in thetso
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INTRODUCTION

The ever increasing population and the rural-urdhd@fh in search of better economic prospects aresicey rapid
expansion of cities and towns. This has resultettienemergence of industries and high demand ferggrnwhich has led

to air pollution being one of the most hazardoudrenmental problems in developing countries.

One of the main sources of these air pollutantpreésent day can be traced to soot generated viarthime

exhaust system during combustion. The by-produfttisi® combustion process contain significant amadreavy metals
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and polycyclic aromatic compounds which persisttia environment and tend to bioaccummulate withetiffhese
pollutants are known to have adverse effects otivironment and human health (WHO, 2007). Seeg@lemiological
studies have shown a direct association betweevyhwatals found in soot and people’s health (Tclawuet al.,2003).
Exposure to increased levels of Lead (Pb), Cadm{@d), Chromium (Cr), Copper (Cu) and Manganese (stgws a
high connection with rise in brain and kidney damduples and ulcers in the nasal septum, impai@dmfunction, brain
damage and cardiovascular ailment (Baker et al9,1Bdckery et al. 1993, Harrison and Yin 2000).phesence of heavy
metals in fuels may be ascribed to additives asigusly reported by Mayer et al., (1999). Repondigating the size,

morphology and elemental composition of soot plegitiave been carried out (Meij, 2000).

Polycyclic Aromatic Hydrocarbons (PAHSs) are a lag®up of organic contaminants, characterized kgy th
presence of at least two fused aromatic rings (Rearét al., 2011). PAHs have been classified awipyripollutants by
both the U.S. Environmental Protection Agency (EF84) and the European Environment Agency (199@jedtion and
inhalation are quantitatively the main route for HPAuman exposure because of their ubiquitous poesém the
environment (Ramirez et al., 2011). Health effeét®AH have been widely studied, primarily becaaséheir potential
carcinogenic and mutagenic properties. The levéleaiith effects of PAHs exposure depends on the,dbs duration of
exposure, and the individual's characteristics sashage, sex, nutritional status, family traits difel style (ATSDR,
1995). In general, the carcinogenic properties Aifi® increase with the number of aromatic rings (Ramet al., 2011).
Several toxicological studies in animals [World Hle®rganization-International Programme on Chelrfgaety (WHO-
IPCS), 1998] and occupational studies in humansngiong et al. 2004) demonstrate an excess riskingf cancer

associated with PAH inhalation.

Many Ghanaians, however, still live in territoriesth hazardous levels of fine particle pollutiorathsurpass
national and international health standards. Pguents, heavy duty trucks and automobiles are #igoms largest
industrial and domestic sources of air pollutiorne3e emissions undoubtedly fuel global warming eadse other

environmental issues.

Instabilities in electricity power supply have nssitated the procurement of alternative power smurc
Generators are the most convenient and widely patd alternative for backup power in facilitiexkuas educational
institutions, hotels, hospitals, factories, shogpientres, prisons and official buildings wherettarous power is needed.

A significant amount of emissions is dischargedrdytheir operation because they are fuel powered.

A university campus hosts a diversity of activiteegeh as education, workshops, conferences, sesranalrother
operational tasks. As a result of its large areh @mnsistent utilization of energy and materialsingversity campus may
be considered a small community that interacts aniows ways with the surrounding community. In récémes,
sustainable power supply is increasingly becomisgréous challenge in many universities found inedi@ing countries
including the University of Ghana, Legon. This lsafled for the installation of new generators immaalls of residence,
hostels and departmental facilities. With the iasieg number of these standby generators instatlégs become very
important to monitor their levels of emission aretfprmance. The present study aims at providingsedine data for
monitoring the levels of polycyclic aromatic hydaosbons (PAHs) and heavy metals concentrationsoh samples from
standby generators within the University of Ghdrmesgon campus. The objectives are to determine sgsicochemical
parameters (pH, bulk density and conductivity), rjitatively measure the levels of heavy metalscicagenic and non-

carcinogenic nature of PAHs in the soot sampled asd to characterize and identify PAHs and heaeyaimemission
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sources using molecular diagnostic ratios and Bearsrrelation tools.

METHODOLOGY
Study Area

The study was conducted on the University of Ghamgon campus in the Accra Metropolis of the cdpifa
Ghana (defined by latitude$4®’- 5°28'N and longitude ©4’ W - (°2’E), Figure 1. The Accra metropolis consists af te
Sub Metropolitan Districts made up of 72 commusitend covers an area of 139.674 square kilometrdswath a
population of 1,665,086 in 2010 (GSS, 2012). Thévehsity of Ghana is the oldest and largest unityeis Ghana which
is about twelve (12) kilometres northeast of theteeof Accra. The generators sampled were chasen the University
of Ghana, Legon campus because of the increasmgfuhese generators on campus due to the reoamruts in the
region. Twenty different generators were selectedtlie collection of soot samples. The average ézatpre at the

sampling sites was 3.

STUDY AREA SHOWING SAMPLING SITES
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Figure 1: Map Showing Sampling Sites within the Ac@a Metropolis
Sampling

Soot samples were collected from the exhaust cktlipowered electric generators. Particulate smitted from
burning of fuel which accumulated in the exhausthaf generators were gently scraped by the usesoftaristle brush
and collected on weighed filter papers (WhatmaB, |bm). Samples were stored in plastic sampling Sutbeprevent
adsorption. The samples were subsequently storaddgsiccator to eliminate moisture and to mairngagonstant weight.
The mass of the particles were determined gravioadly. The particulate soot were then transferaed stored in tight
fitting sampling tubes. The samples were storethe dark until extraction and analysis for heavytais polycyclic
aromatic hydrocarbons (PAHs) and the determinaifasther physicochemical parameters.
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Chemicals and Reagents

All chemicals and reagents used in this study wém@nalytical grade. Reagents used comprised fl@viog: n-
hexane (95 + % purity, Sigma-Aldrich), acetone §99. %, BDH, England), Sodium sulphate (Aldrich- Ghe,
Germany), Activated Charcoal, Silica ()Oethyl acetate (95 + % purity, Sigma-Aldrich),dngchloric acid (HCI 36%
from Fluka), nitric acid (HN@ 69%, Suprapure from Fluka), tetraoxosulphate (\¢if §H,SO,70%) were used. De —
ionized water and Whatman filter paper (No 42) arfdAH custom standard of product code CUS-9059Lamnchumber
CD3298, containing 100 g/mL each of the analytesewsed.

Analytical Procedure

Apparent (bulk) density was determined by filling@mL tube with dry soot collected. The tubes weapped,

tapped to a constant (minimum) volume and weigfidé. apparent density of soot was calculated by ...

A t Densit 3y Weight of dry sample (g) 1
pparent Density (g/cm”) = Volume of packed dry Material (cm?3) M

Suspensions of soot samples in water (1% w/w) \weeded to 90C and subjected to continuous stirring for 20
mins then cooled to room temperature. The pH amdiwectivity of the suspension was subsequently deterd with a pH
meter (Mettler Toledo MP 220) and conductivity me&thywe 13701.93) respectively (ISO, 2002a).

Nitric acid (HNG;) and tetraoxosulphate (V1) acid £60,) were used as solvents for the digestion of saoipdes
for heavy metal analysis. Approximately 0.25 g @ftssample was weighed into the pre-treated bemhei6 mL of 0.1M
HNO; was added to the sample. The mixture was leftandsfor about 24 hours in a fume chamber. The garegf this
was to dissolve the organic matter that was prasethie soot. After 24 hours, 2 mL of 0.1M$0, was then added to the
mixture. The mixture was again left to stand in finme chamber for another 24 hours for further stiga. After this the
mixture was then filtered with Whatman (No 42)dfilipaper into a pre-treated 30 mL volumetric fldskvas then made to
the 30 mL mark with de-ionized water. The voluneftask together with the content was sonicatetbto a uniform

mixture.

The solutions obtained after acid digestion weralymed using Atomic Absorption SpectrophotometeASA
[Spectrophotometer: S Series 71239 v 1. 27]. Siel@ments; Lead (Pb), Cadmium (Cd), Copper (Cunghnese (Mn),
Iron (Fe), and Chromium (Cr) were identified andantified in each sample solution. Samples were yaedl
automatically and measurements were performed ijicite to minimise random error and ensure repcdility.

Concentrations of metals and other elements anessed as mg/kg (mean £+ SD, n = 3).

Particulate soot from generators were separatddfiliiérs and dried to constant weight in an ovad atored in a
desiccator. Samples were extracted with n — hexadeacetone for the determination of seventeencpolig aromatic
hydrocarbons (PAHSs) using GC — MS. The extractias @done by sonicating approximately 1 g of the damjiih 25 mL
n-hexane and 25 mL acetone for 20 minutes at rceampérature.. The extracted solution was filterettdwwith a
Whatman filter paper (No. 42) and decolorized. éaci-up step was done to remove more polar substamcedecolorize
the extract. This was performed using activatedrad®, silica and anhydrous p&O,. A column was filled with
approximately 4 g of silica (to remove debris) daled by 2 g anhydrous B&O, (to remove excess water) then 2 g of
activated charcoal to decolorize the solution. pheked column was filled with 10 mL, n - hexane donditioning. The

extract was then transferred onto the column witisposable Pasteur pipette from an evaporatirsl.flahe crude extract
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was eluted from the column with the wide openinghef stopcock. The eluate was collected into apereding flask and

rotary evaporated to dryness. The dry eluate wears dissolved in 2 mL ethyl acetate for Gas Chrograiohic analysis.

The seventeen (17) polycyclic aromatic hydrocarl{@#sHs) which were selected for determination by GRS
in particulate soot emission were: naphthalene, Inethylnaphthalene, 2 — Methylnaphthalene, acehgfehte,
acenaphthene, anthracene, benz(a)anthracene, &pnzefe, benzo(b)fluoranthene, benzo(k)fluorarghechrysene,
benzo(g,h,i)perylene, fluoranthene, fluorene, id&n2, 3-c, d)pyrene, phenanthrene and pyrene.anbé/sis was done
using a Varian CP — 3800 GC — Saturn 2200 couplddavCP — 8400 Auto sampler mass spectrometepparhting in a
splittess mode. The column used is a SLB5TM - MSeél capillary column (30 m long x0.25 mm x0.25ufmfi
thickness), coated with a nonpolar stationary plieie5MS, 5% phenyl methyl polysiloxane). The opieraconditions
were as follows: The oven temperature was sealhjitat 50°C (1 min hold), increased to 180 °C.180 °C, temperature
increased at a rate of 25 °C/min to 220 °C and &80 °C at a rate of 5 °C/min (10 min hold).

Helium (99.999 % purity) and air, were used asieargases at a constant flow of 1.0ml/min for thes g
chromatography (GC). The inlet temperature was la¢l80 °C with a pressure of 231.2 Kpa and a tiddal of 208
mL/min. The detector heater was also held at 30@i8CHe/air flow at 35 and 300 mL/min, respectiudflow rate was 4
mL/min. Injections of 4 uL of sample each were parfed in the splitless mode with a ratio of 50xd ghe split valve
was opened after 2 min. Identification of PAHshe samples was based on comparison of the retemnties with those

in a standard solution, and quantification was Basethe corresponding peak areas of the respegtiianatograms.

ng) Conc (RF) x 2ml

C bor—| = 2
one (pp or g Amount of Sample Taken (g) @

Diagnostic Isomer Ratio

Diagnostic isomer ratios which are indices assoujatlifferent isomer ratios of PAHs to possible re&s,
however, was used in this identification (Dickhtiake 2000, Soclo et al., 2000; Yunker et al., 2002

Four significant PAH diagnostic ratios shownTablel were drawn from correlation factor tables andewe
calculated for the studied samples: [ANT / ANT +EJHFLU / FLU +PYR], [B(a)A / B(a)A + CHY] and [Kd)P / I(cd)P
+ B(ghi)P] where ANT = Anthracene, PHE = Phenambrd=LU = Fluorene, PYR = Pyrene, CHY = Chrysen@)B =
Benz(a)anthracene, I(cd)P = Indeno(1,2,3-cd)pyrBighi)perylene.

Table 1: Molecular Diagnostic Ratios and PossibleAH Sources

PAHSs (Isomer Ratio) Ratio Possible Source
<0.10 Petroleum
[ANT / ANT + PHE] >0.10 Dominance 0f Combustion
<0.50 Petroleum
>0.50 Kerosene, coal and wood combustion

[FLU/FLU +PYR] 0.41 — 0.49| Fossil Fuel and Crude Oil Combustion

0.20 — 0.58| Diesel Exhaust

<0.20 Petroleum
[B(a)A/ B(a)A + CHY] 0.20 — 0.35| Petroleum or Combustion

> 0.35 Combustion

<0.50 Combustion product of gasoline, kerosene, diesgticande oil
[I(cd)P / I(cd)P + B(ghi)P] > 0.50 Grass and wood combustion

0.24 — 0.40 Vehicle emissions
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RESULTS AND DISCUSSIONS

Physicochemical Parameters

pH is a measure of the hydrogen ion concentratioa solution. It is mathematically defined as d#i;0"].
This implies that a low pH value shows high hydmdgen concentration. Generally, pH of the soot daspnalysed from
all the generators, Table 2, were acidic with valuenging from 3.23 to 5.13. Consequently, the $asnwere ranked
based on the pH values obtained in ascending ofther.generator soot pH followed the order GE18 3 &E GE10 >
GE14 > GE13 with GEOfecording the lowest pH value. The low value ofipHhowever an indication of the presence of

heavy metals.

Bulk Density is a measure of strength/attritionaofy material for example soot. In this analysistladl values obtained
were less than 1 g/citvalues between 0.15-0.43gRniThis indicates that the soot under study caeas#ly spread by air
current to the environment. Fairly low values wet#ained for the samples as shown in Table 2. Thakess range
between 0.15 g/chrfor GE 02 and 0.43 g/chfior GE14.

Conductivity is a measure of the relative ease wiliich ions in solution migrate. Conductivity vatuebtained
from the study are shown in Table 2. These valaage from 8741S/cm to 20031S/cm and are indicative of the presence

of metal ions.

Table 2: pH, Electrical Conductivity and Bulk Densty for Soot Samples from Generators on University tGhana

Campus
Sample pH £ SD Conductivity + SD (uS/cm) e ?ge/r;'s‘% 590
GENERATORS
SOGEO1 3.23+£0.02 87.0+£4.0 0.17£0.01
SOGEO02 3.46 £0.01 97.0+1.0 0.15+£0.03
SOGEO03 3.70£0.01 107.0 £ 3.0 0.16 £0.01
SOGEO4 3.34£0.01 142.0 £ 0.7 0.23+£0.01
SOGEO05 4.02£0.01 92.0+£ 3.0 0.40 £0.01
SOGEO06 4.52 £0.01 93.0+ 3.0 0.32 £0.02
SOGEOQ7 4.43£0.01 90.0+1.0 0.33+£0.02
SOGEO08 4,12 £0.01 107.0+£ 2.0 0.22 £0.02
SOGEOQ09 4.00 £0.02 122.0+£2.0 0.21£0.01
SOGE10 5.03+£0.01 163.0 £ 3.0 0.18 £0.01
SOGE11 3.55+0.01 106.0 £ 2.0 0.31+£0.02
SOGE12 4.22 £0.01 97.0+£4.0 0.31+£0.01
SOGE13 4.59 +£0.02 203.0£ 3.0 0.38 £0.01
SOGE14 4,71 £0.02 141.0+£2.0 0.43+£0.01
SOGE15 3.65+0.01 172.0+£4.0 0.42 £0.01
SOGE16 4.08 £0.01 94.0 £ 3.0 0.19+£0.01
SOGE17 4.21 £0.01 92.0+£4.0 0.20 £0.02
SOGE18 5.13+0.01 105.0 £ 0.7 0.41+£0.01
SOGE19 5.07 £0.01 111.0+£ 3.0 0.34 £0.01
SOGE20 3.56 £ 000 89.0 £ 3.0 0.26 £0.01

SO- Soot,GE — Generator, - Sample I.8D — Standard deviation
Heavy Metals

Six elements namely Lead, Cadmium, Iron, Mangan@egper and Chromium were determined, Table 3.&hes
elements were randomly selected due to their tiyxicead gave the least concentrations of 0.110% éng/Kg, while Iron

had the highest value of 9.20 + 1.00 mg/Kg. TheaVerder of decreasing elemental concentratidreis> Mn > Cd > Cu
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> Pb.Chromium was found to be below the detection of the spectrophotometdfigs 2 and 3The high concentration
of iron could be due to the materials used in ngiklme exhaust or tail pipiManganese is known to be an essel
element for humarsurvival, but toxic when present in high concemdrat(Santo-Burgoa et al., 2001). Manganese
concentrations as recorded from the soot analygistiie second highest value after Iron. Mange-based fuel additives
(Methyl cyclopentadienyl Manganese Jarbonyl) may be responsible for this valkawever,manganese concentrations

in the soot were all above the maximum acceptaiigs! for air and watel

The values obtained for Lead range from 0.09 t& 0nf/Kg.In comparison to acceptable standardts, these
values which are far above the recommended emissionlards (WHO, 2007) for both air and water caddttributed te
the source of the fuel.

The observed concentrations of cadmium in the sesnplere between 0.42 and 2.88 mg/Kg. This elel

however, is not biodegradable and over exposurkl edtimately lead to bioaccumulation in humans #melenvironmeni

The average concentration of copper is = 0.30mg/Kg, Table 3, Figs 2 and 3. Copper compoundsdded tc

engine oils to reduce e and oxidation. These might be responsible ferdekels of copper observe
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Figure 2: Distribution of Heavy Metalsin Standby Generatorson University of Ghana Legon Campus

Table 3: Total Mean Elemental Concentration in Gengtor Soot

Eleiiclits mizanr)g(I:Dent{a&(;;/ (|m I\%ﬁg) Air Quality Limit value/pgm

GENERATOR

Iron (Fe) 9.20 | 1.00 | 12.06 | 5.70 1.60
Manganese (Mn)| 7.80 | 1.00 | 10.02 | 4.80 0.15

Copper (Cu) 1.30 | 0.30| 2.16 | 0.96 0.01

Lead (Pb) 0.11 | 0.01] 0.16 | 0.09 0.05

Cadmium (Cd) 1.40 | 0.60 | 2.88 | 0.42 0.01

Chromium (Cr) BDL BDL | BDL 0.002t

Minimum deteati limits for the metss are 0.1mgkg for Cr, Fe and Pb, 0. mgkg' for Cd, Mn and Cu

Max — MaximumMin — Minimum
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Figure 3: Bar chart showinc the Mean Concentration (mg/kg) ofHeavy Metalsin Soot Samples
Sources of Individual Metals

Table 4 summarizethe correlation factors or coefficier(R) for the metalanalyse. The correlation coefficients
were low which indicateweak correlation with each other. This low lineasiive correlation exists betweCu and Fe,
Mn and Fe, Pb and Cu, Cd and Cu, Pb and suggesting there is very little oo relationship. However, Cd and M
exhibited a fairly high and negative corition which suggests that tivo are not from the same sour

Table 4: Correlation Factorsbetween the HeavyMetals Concentrations in the Soofrom Generators on University
of Ghana Campus

Heavy Metals
Heavy Metal Fe Cu Pb Mn Cd
Fe 1
Cu 0.167 1
Pb -0.071| 0.222 1
Mn 0.111 | -0.218 0.098 1
Cd -0.305| 0.343] 0.14$-0.450 | 1

Cbrrelation is significant at the 0.Cconfidence level (2ailed).
Polycyclic Aromatic Hydrocarbons (PAHS

Table 6 showshe mean concentrations of the 15 out of 17 poljcysomatic hydrocarbons ansed in the soot

samples from the various generators with moleauiasse ranging from 152 to 278 g/mol.
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Table 5: MeanConcentrationsof Polycyclic Aromatic Hydrocarbons (PAHS) in Soot Sample

PAHSs s C‘;A“:::trat'on (S”g/ 9) v Ratio o Bla]P
Naphthalene 382 25.5 20.0 62 0.7
1 - Methylnaphthalene N/D N/D N/D - -
2 - Methylnaphthalene N/D N/D N/D - -
Acenaphthaylene 322 21.5 10.0 40 0.6
Acenaphthene 550 36.7 10.0 58 1.0
Fluorene 482 32.1 10.0 62 0.9
Phenanthrene 440 29.3 10.0 52 0.8
Anthracene 220 15.0 6.0 26 0.4
Fluoranthene 258 22.0 9.0 34 0.6
Pyrene 588 39.2 20.0 66 1.0
Benz(a) anthracene 582 44.8 10.0 64 1.2
Chrysene 356 39.6 20.0 68 1.1
Benzo(b) fluoranthene 3892 216.2 200.0 888 5.8
Benzo(k)fluoranthene 4062 213.8 100.0 654 5.7
Benzo(a) pyrene 564 37.6 10.0 64 1.0
Indeno(1,2,3-c,d)pyrene 838 52.4 50.0 188 1.4
Benzo(g,h,i)perylene 4992 384.0 200.0 860 10.2

N/D — Not detected

1 — Methylnaphthalene and — Methylnaphthalene were not detected in the samAnthracene having three
aromatic rings showethe least mean concentration of.0 = 6.0 ng/g.The total and average mass concentratior
particulate PAHs were 18528 ng/gdal235.. ng/g respectively. Pyrene, which recorded a higiceatration in the soc

is one of the compounds used as molecular markeliégel emissio(Tsapakis and Stephanou 2C.
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Figure 4: Bar Chart Showing Mean Concentrations (ng/g) of PAHs irSoot Sample
Carcinogenicity and Non<Carcinogenicity of PAHs

To determine the carcinogenicity of PAHhe PAHs were grouped acdarg to their carcinogenic properties.
Non —carcinogenic PAHs include naphthalene, acenaphibylacenaphthene, fluorene, anthracene, fluoramthpsmene
benzo(ghi)perylene ral phenanthrene. Carcinogenic PAHs include benz@@cene, benzo(b)fluoranthel
benzo(k)fluoranthene, benzo(a)pyre@fyrysene, and indeno(1,2,3-cd)pyrefke soot samples contained 56% and 4

carcinogenic and non earcinogenic PAHs respectively (Table 7). The mealue of Benzo(a)pyrene, classified a

wWww.iaset.us editor @ aset.us



90 Louis Korbla Doamekpor, Yao Abusa, Charles Acheampong, Raphael
Kwaku Klake, Vincent Kodzo Nartey & Mary Megumi Eyram Abla Doamekpor

carcinogenic and mutagenic matefiajinsky 1991’ was found to be 37.6 + 10.0 ng/g.

Table 6 Mean Concentrations of Carcinogenic and Non Carciogenic PAHs inSoot Samples

GENERATORS
. Mean Concentration (ng/g)
FEEIEES Sum Mean S.D Max Min Percentage
PAHs 18528 1235.2 1617.0 4992 220
PAHS carc) 10294 1715.7 1759.1 4062 356 55.6
PAHS non- carg) 8234 914.9 1534.0 4992 220 44.4

PAHcarc)= Carcinogenic PAHs, PAnon carcj= Non Carcinogenic PAHs

= PAHs (CARC)

= PAHs (NON
CARC)

Figure 5: Pie chartshowing the Percentage of Carcinogenic antlon Carcinogenic PAH:
Molecular Weights of PAHs

Most of the carcinogenic polycyclic aromatic hydrdmons fall within the group of the high moleculesights.
The average mass concentration of the six genofRids (Benz(a)anthracene, Benzo(a)pyreBenzo(k)fluoranthene,
Benzo(b)fluoranthene, Indeno(1,2;8}pyrene and Chrysene) was observed to be, Table 6. The volatile PAHSs:
Naphthalene (NAP), Acenaphthylene (ACY), Acenaphth@ACE), Fluorene (FU), Phenanthrene (PHE) and Anthrac
(ANT) alsocontributed on the average 7.15 % of the total ro&ise PAH compound

To assess PAH homolog distribution for each cadlécsample,he PAHs were grouped based on molec
weights. The high molecular weigl PAHs (228278 g/mol), include benz(a)anthene, benzo(b)fluoranthene,
benzo(k)fluoranthene, benzo(a)pyrene, benzo(ghikpee, Chrysene, and indeno(1-cd)pyrene. The medium molecu
weights (202 g/mol) are fluoranthene and pyrene thedlow molecular weights (1-178 g/mol) include naphthale,

acenaphthylene, acenaphthene, fluorene, anthracehehenanthrer

The mean concentrations of Low Molecular Weight BRAIRAHS ( ww)], Medium Molecular Weight PAH
[PAHs wmw)] and High Molecular Weight PAHs [PAF mw,] ranged from (220 — 550g/g), (258- 558 ng/g) and (356
— 4992 ng/g) respectively. The High, Medium and Lowl®&tular Weight PAHs had 82%, 13% and 5 % respelstilry
weight of PAH compounds in all samples, Fig 6, €a®l The small contribution by mass of the Low Malar Weicht
PAHs was expected because of their small size aidvolatility at the high ambient temperatures°@ - 33°C) during
the sampling period (Baek et al. 199The presence of HMW polycyclaromatic hydrocarbons is indicative of depo
by previous pyrolytic processes. Pyrolysis of polyayeromatic hydrocarbon residues leads to the faan of additional
higher molecular weight polycyclic aromatic hydrdmens and, consequently increases PAH concentration in the
samples.

Impact Factor (JCC): 5.0273 NAAS Rating 3.73
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Table 7. Mean Concentrations of Low, Medium and High Moleallar Weight PAHs in Soot Samples

91

GENERATORS (GE)
. Mean Concentration (ng/g)

PEIGURIES Sum Mean S.D Max Min Percentage
PAHs mw 2396 399.3 118.0 550 220 12.9
PAHS mmw) 846 423 233.4 588 258 4.6
PAHS 1mw) 15286 2183.7 2027.9 4992 356 82.5

PAH, mw) = Low Molecular Weight PAIPAHuww) =High Molecular Weight PAH
PAHmmw) = Medium Molecular Weight PA
13%
‘0
' m PAHS(L.M.W)

= PAHs (M.M.W)

PAHSs (H.M.W)

82%

Figure 6: Pie Chart Showing the Percentage Concentration of PAHs Moletar Weights

The majority of PAHs originate from pyrogenic ortqogenic sources. Pyroge PAHSs are produced during tl
incomplete combustion of carbon, wood, and fosséld. They are characterized by compounds with fmumore
aromatic rings. However, petrogenic PAHs contaity éwo or three aromatic rings, which are associatéth spills of
crude and refined oil (Soclo at, 2000; Deng et al., 201

Diagnostic Isomer Ratios andPossible Sourceof PAHs

Table 9 showshe diagnostic isomer ratios of all soot samplednfiall locations. Comparing results frTable 9
to the diagnostic ratios in Table 1can be see that few of the values vary from the specified rofehaving a particula

source.

In (ANT / ANT + PHE), the /NT/178 ratio generally varied from 0.14 @47. In fact, phenanthrene a
anthraceneare two structural isomers. In view of their distime physicochemical properties, they could bet
differently in the environment and could lead tffedent values for their ANT / ANT + PHE ratio thabuld give usefu
information on the PAH origirPhenanthrenbeingmore thermodynamically stable than anthra causes the ratio, to be

low on combustion.

The ratio of fluoranthene and pyreranged from 0.10 t6.59. They are often associated during naturalioess
analyses and were considered agicyl pyrogenic products derived from h-temperature condensation of lov
molecular weight aromatic compounds. The resultsinkd for this study suggest that the sourceshe$éd PAHS ar
diesel exhaust or crude oil combust Chrysene and benzo(ajaracene are derived from processes of organicen
combustion at high temperatures. In contrast, lostunation of organic matter during burial in thelisgentary matri
could lead to an inversion of this tender(Shreadah et al. 2011). The catif CHY and B(a)A rancd from 0.38 to 0.70.
This result shows that tleurce of these PAHSs is combustion. Similar todter mass ratios, [I(cd)P / I(cd)P + B(ghi

varied from 0.06 to 0.54. The resulhdicate the source to diesel, kerosene and wood combustHowever, the results
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suggest that the PAHSs originated mostly from pyniggeources (combustion of fossil fuels).

Table 8: Some PAHs Isomer Ratios of Sampled Genemt(GE) from University of Ghana, Legon Campus

Sample Isomer Ratio :
[ANT/ANT+PHE] [FLU/FLU+PYR] [B(a)A/B(a)A+CHY] [I(cd)P/I(cd)P+B(ghi)P]

SOGEO01 - - - -
SOGEO02 0.26 0.52 0.56 0.08
SOGEO03 0.40 0.37 0.48 0.04
SOGE04 0.14 0.53 - 0.06
SOGEO05 0.31 0.54 0.48 -
SOGEO06 - - - -
SOGEOQ7 0.41 0.44 0.70 0.54
SOGEO08 - - - -
SOGE09 - - - -
SOGE10 - - - -
SOGE11 0.38 0.25 0.53 0.13
SOGE12 0.31 0.59 - -
SOGE13 0.21 0.33 0.63 -
SOGE14 0.28 0.33 0.65 0.13
SOGE15 0.55 0.20 - 0.05
SOGE16 0.45 0.10 - -
SOGE17 0.22 - 0.58 0.10
SOGE18 0.47 - 0.38 0.11
SOGE19 0.41 - - 0.08
SOGE?20 0.37 0.36 - 0.08

CONCLUSIONS

Generally, engines, especially diesel engines egelated for smoke capacity, total oxide of nitnogeotal
particulate matter and total hydrocarbon. The ntadei of engine emissions depends on fuel consumpfibis research
considered the assessment of heavy metals andypbityaromatic hydrocarbons in particulate emissiamthe form of

soot which was collected from the exhaust of gdnesa

The pH of the soot from the generators sampledafithin the acidic range. Conductivity values oh& in this
analysis were low. In this analysis all the valobgined for bulk density were less than 1. Thiplies that the soot can
easily be spread by air current to the environm®att can sometimes contain toxic heavy metals aadbad, cadmium,
iron, copper and manganese which are releasedthiet@nvironment. Correlations between the conceoms of the
various metals were relatively low, indicating thleé concentrations of the heavy metals in the soetmore or less

independent of each other.

Mean concentrations of the 15 out of 17 polycyeliomatic hydrocarbons analysed in the samples tien
various generators with molecular masses rangiom fi52 to 278 g/mol were identified and quantifidde High,
Medium and Low Molecular Weight PAHs had 82%, 13f@ &% respectively by weight of PAH compounds. The
carcinogenic and non - carcinogenic PAHs had 566b4% respectively. Most of the carcinogenic potficyaromatic
hydrocarbons fall within the group of the high nwmlar weights. However, the results from four diegtic PAH ratios

suggested that the PAHs originated mostly from ggric sources.

Impact Factor (JCC): 5.0273 NAAS Rating 3.73



Assessment of Some Heavy Metals and Polycyclic Aromatic Hydrocarbons in Soot From the Exhaust of Standby Generators 93

ACKNOWLEDGMENT

This research did not receive any specific gramffunding agencies in the government, commeroiahot-for-
profit sectors. The authors are particularly gmateadb Ms. Emmanuella Ernestina Gyamfi, Ms. Akosudutimwaa
Boatten, Mr. John Obeng, and Mr. Thomas Mensalpffoviding language help, writing assistance, arabfreading the

article.
REFERENCES

1. Armstrong, B., Hutchinson, E., Unwin, J., & Fletch&. (2004). Lung cancer risk after exposure tdypgclic

aromatic hydrocarbons: a review and meta-analy&isvironmental health perspectives, 970-978.

2. Baek, S. O., Goldstone, M. E., Kirk, P. W. W., érest. N., & Perry, R. (1991). Phase distributiondaparticle
size dependency of polycyclic aromatic hydrocarboriee urban atmosphere. Chemosph@g£5-6), 503-520.

3. Baker, E. L., Peterson, W. A., Holtz, J. L., Colem&., & Landrigan, P. J. (1979). Subacute cadmium
intoxication in jewelry workers: an evaluation afgnostic procedures. Archives of Environmental ltheaAn
International Journal34(3), 173-177.

4. Biegalski, S. R., Landsberger, S., & Hoff, R. M98). Source-receptor modeling using trace metaladrosols
collected at three rural Canadian Great Lakes samgplstations. Journal of the Air & Waste Management
Association48(3), 227-237.

5. Dickhut, R. M., Canuel, E. A., Gustafson, K. Eu, IK., Arzayus, K. M., Walker, S. E.,... & MacDahdE. H.
(2000). Automotive sources of carcinogenic polyicyaiomatic hydrocarbons associated with particelatatter

in the Chesapeake Bay region. Environmental Sci@ntechnology34(21), 4635-4640.

6. Docekal, B., et al. (1992). "Trace and minor elemehéracterization of diesel soot." Fresenius' jourrl
analytical chemistng43(12): 873-878.

7. Dockery, D. W., Pope, C. A., Xu, X., Spengler, J.\Rare, J. H., Fay, M. E.,... & Speizer, F. E. 429 An
association between air pollution and mortalitysin US cities. New England journal of medici@29(24), 1753-
1759.

8. EPA, U., (1993). Provisional guidance for quaniitat risk assessment of polycyclic aromatic hydrboas.

Development.

9. Harrison, R. M., & Yin, J. (2000). Particulate mattin the atmosphere: which particle properties arportant

for its effects on health?. Science of the totairemment,249(1), 85-101.

10. Lijinsky, W., (1991). The formation and occurreégolynuclear aromatic hydrocarbons associatechwiitod.
Mutation Research/Genetic Toxicology, 259(3), 261-2

11. Mayer, A., Matter, U., Scheidegger, G., CzerwindkiWyser, M., Kieser, D., & Weidhofer, J. (19%rticulate
traps for retro-fitting construction site engine€RT: Final measurements and implementation (No94®8
0116). SAE Technical Paper.

WWW.iaset.us editor @ aset.us



94

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Louis Korbla Doamekpor, Yao Abusa, Charles Acheampong, Raphael
Kwaku Klake, Vincent Kodzo Nartey & Mary Megumi Eyram Abla Doamekpor

Meij, R. (2000). Composition and particle size aflaexposure to coal fly ash. Journal of aerosoésce,31,
676-677.

Ofosu, F. G., Hopke, P. K., Aboh, I. J., & Bamfdgd,A. (2012). Characterization of fine particulsurces at
Ashaiman in Greater Accra, Ghana. Atmospheric RomiuResearch3(3), 301-310.

Ofosu, F. G., Hopke, P. K., Aboh, I. J., & Bamfo&d,A. (2013). Biomass burning contribution to asnbiair
particulate levels at Navrongo in the Savannah zoheGhana. Journal of the Air & Waste Management
Association$3(9), 1036-1045.

Ramirez, N., Cuadras, A., Rovira, E., Marcé, R.&Borrull, F. (2011). Risk assessment related tma@spheric
polycyclic aromatic hydrocarbons in gas and pagighhases near industrial sites. Environmental lrealt
perspectives]19(8), 1110.

Santos-Burgoa, C., Rios, C., Mercado, L. A., AmgatBerrano, R., Cano-Valle, F., Eden-Wynter, R&A.,
Montes, S. (2001). Exposure to manganese: hedictefon the general population, a pilot study éntcal
Mexico. Environmental Resear@§(2), 90-104.

Shreadah, M. A., Said, T. O., El Monem, M. |. Aathgllah, E. M., & Mahmoud, M. E. (2011). PAHSs in

sediments along the semi-closed areas of AlexanBggpt. Journal of Environmental Protecti@&{p6), 700.

Soclo, H. H., Garrigues, P. H., & Ewald, M. (200@rigin of polycyclic aromatic hydrocarbons (PAHS)
coastal marine sediments: case studies in Cotogani() and Aquitaine (France) areas. Marine polbuti
bulletin, 40(5), 387-396.

Tsapakis, M., & Stephanou, E. G. (2003). Collecttbgas and particle semi-volatile organic composinase of
an oxidant denuder to minimize polycyclic aroméatycrocarbons degradation during high-volume air gding.
Atmospheric Environmer37(35), 4935-4944.

WHO-IPCS (World Health Organization—InternationalbBramme on Chemical Safety). (1998). Selected Non-
heterocyclic Polycyclic Aromatic Hydrocarbons. HBowvimental Health Criteria 202. Available:
http://www.inchem.org/documents/ehc/ehc/ehc202[atcessed 19 May 2010].

WHO (World Health Organization), 2007. Health RisgksHeavy Metals from Long- range Transboundary Air
Pollution. WHO R Regional Office for Europe, Copagén, Denmark, ISBN 978 92 890 7179 6.

Yunker, M. B., Macdonald, R. W., Vingarzan, R.chitl, R. H., Goyette, D., & Sylvestre, S. (200AHs in the
Fraser River basin: a critical appraisal of PAH ias as indicators of PAH source and compositiongadic
geochemistry33(4), 489-515.

Impact Factor (JCC): 5.0273 NAAS Rating 3.73



