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ABSTRACT

This study investigated the levels and profilepofycyclic aromatic hydrocarbons (PAHSs) and polgeimnated
biphenyls (PCBs) in soil from an urban/industrie¢ain Dar es Salaam, Tanzania. Analysis was pagdrusing a high
resolution gas chromatograph coupled to a highlugea mass spectrometer (GC-MS). The results atdit that the
contents of total PAHs (16 US EPA priority PAHshgad from 104 ng/g to 35890 ng/g and the pollutievel is
classified as a moderate level with some spotsgif And very high pollution levels. The compositimmofiles of PAHs
were dominated by high molecular weight (4-6 ringBAHs. The ratios of phenanthrene/anthracene and
fluoranthene/pyrene indicated that the conceninatiof PAHs in the area were influenced by pyrogénambustion)
sources and petrogenic (petroleum) sources. Thédohcentrations of 18 PCBs in soil varied fromh 0g/g to 282 ng/g.
Most of the PCBs concentrations were generally IB®B 138, PCB 153, PCB 180, PCB 101 and PCB 118umted

largely among the contaminants of PCBs.
KEYWORDS: PAHSs, PCBs, Soil, Urban, Tanzania

INTRODUCTION

Polycyclic aromatic hydrocarbons (PAHs) and polgcinlated biphenyls (PCBs) are among the classes of
persistent organic pollutants (POPs) in the enwirtemt. PAHs and PCBs have been documented to caasy m
environmental and health problems. Some PAHs aei tierivations are highly toxic. Their mutagenicaarcinogenic
properties are the main risks to human health. Oiealth effects include liver, thyroid, dermal andular changes,
reduced birth weight and reproductive toxicity (AOF, 1995; ATSDR, 2000). PAHs are by products of bastion and
are naturally occurring chemicals in the environmé&iorest fires and volcanoes are major naturatcgsuof PAHS, but
there are anthropogenic sources as well due toirgurof fossil fuels, including automobile and inthied emissions
(ATSDR, 1995). The low molecular weight (LMW) PAlffontaining two and three rings) are abundantiydpeed at low
to moderate temperatures, such as wood and codlusdion, while high molecular weight (HMW) PAHSs (ttaining four

or more rings) are generated at high temperatates$, as vehicle emission (Mastral and Calle, 2000).

PCBs can be released into the environment fromlponaintained hazardous waste sites that contaiBsPC
illegal or improper dumping of PCB wastes; leaksaleases from electrical transformers containi@f® and disposal
of PCB-containing consumer products into municirabther landfills not designed to handle hazardeaste. PCBs may
also be released into the environment by the bgroinsome wastes in municipal and industrial incters (US EPA,
2013). Once PAHs and PCBs are released into thesptmere, they are subject to sink in soil via digl aet deposition.
Due to their low vapor pressure, persistence agl bictanol/air partition coefficients, they canosgly adsorb to soil
organic matter and are likely to be retained féorey time (ATSDR, 2000; Wilcke, 2000). Thereforeil $s an important

reservoir for PAHs and PCBs in the environment.
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Some studies showed that the levels of POPs su&®Bis in soil correlate with those in the atmosphend
therefore, their concentrations in soil are usuatignsidered as good indicators of the surroundimdjufion
(Wilcke, 2000).

The main objective of this study was to investigdie levels and profiles of PAHs and PCBs in saihf an
urban/industrialized area in Dar es Salaam, Taazdro the best of the author’s knowledge, no stualy been conducted

on such contaminants in soil in Tanzania and toeeethis is the first study.

MATERIALS AND METHODS
Study Area and Sampling

The study area is located at Vingunguti industiiala in Dar es Salaam City. The sampling staticere \welected
within the area bordered by the main road to thpoai on one side (south) and the Central Railwaythe other side
(north). Soil samples were collected from ten samgpdtations located at least 30 m from the roachitway. Surface soils
were collected in April 2009 and the sampling deptis 0—10 cm after removal of the litter layer. ech sampling
station three samples were taken from differenntsoin a square of 10 vand pooled together to form a composite
sample. Each composite sample was wrapped in anirdlum foil and placed in a polyethylene bag. Thenples were
transported to the laboratory and kept deep frazer28 °C until extraction.

Extraction, Clean Up and Analysis

The procedures by Schramm et al. (2008) were adopith modifications.The samples (5-10 g each) were
spiked with labelled internal standards (10 pL ehiature containing 0.43—-1 ng jiLof all PAHs and PCBs compounds
in nonane) and quantitatively extracted by pregsdrifluid extraction using an Accelerated Solvextr&ctor (ASE 200
Dionex) at a temperature of 120 °C and pressur26fbar and witm-hexane: acetone (75:25) as the extraction solvent
mixture. Two static cycles of 10 min were applied & complete extraction. Another sub-sample oheaginal sample
was dried in oven for 24 h at 105 °C and then waigfor dry weight determination. The extracts wpessed over
anhydrous sodium sulfate to remove water. The etdraere concentrated using vacuum rotary evaporand the

solvent was changed tehexane: dichloromethane (1:1) and concentrated.tb mL.

Clean-up of the concentrated extracts was conduasédy silica gel (10 g), alumina with 3%,® (5 g) and
anhydrous sodium sulfate (5 g) packed in that ondex glass column (30 cm long and 2.5 cm intediaineter). The
extracts were eluted with a mixture whexane and dichloromethane (1:1, 100 mL) and curated to 1 mL using a
rotary evaporator, then using a very gentle streamitrogen to ca. 0.2 mL. The solvent was chantgedcetonitrile and
concentrated using nitrogen to ca. 0.2 mL. Addalociean-up was performed through a C18 SPE cg#ritsing Gs-
modified silica gel (1 g), eluted with acetonitril® mL) and concentrated by blowing a gentle streznmitrogen
to ca. 0.2 mL. The concentrated extracts were fearesl into clean vials containing recovery stadda20 pL of a 1 ng
uL™* solution of*C-pentachlorotoluené?C,;»-1,2,3,4-TCDD and>C-1,2,3,7,8,9-hexachlorodibenpedioxin in nonane)

and extracts were concentrated with a very geltle 6f nitrogen to 20 pL ready for analytical deténation.

Instrumental analysis of the PAHs and PCBs wasop@ed using a high resolution gas chromatograpipledu
to a high resolution mass spectrometer (GC-MS).Algilent 5890 Series IIGC equipped with a capillary column
(Rtx-CLPesticides 2, 30 m, 0.25 mm ID, @ua film thickness, Restek) was used. The column tatpre programme for
PAHs was 60 °C (1.5 min), 10 °C mirto 225 °C (0 min), 5 °C minto 290 °C, 15 °C mirtto 315 °C (20 min) while for
PCBs the temperature programme was 100 °C (1.5 Bif min* to 270 °C (0 min), 15 °C mihto 300 °C (10 min).

0.5uL was injected using an autosampler MPS2 (Geratefulsed splittess mode by a cold injection syst€is 3



Levels and Profiles of Polycyclic Aromatic Hydrocabons and Polychlorinated
Biphenyls in Soil at an Industrial Area in Dar Es S&laam, Tanzania 3

(Gerstel). The temperature programme for the injesias: 120 °C, 12 °C’S 280 °C, 5 min. The carrier gas was helium,
head pressure of 16 psi. The temperature at thmesféndine was 300 °C. The measurements were coeduetth a
Finnigan MAT 95S mass spectrometer (Thermo) wittesolution of >8000. The ionization mode was E4ateV and

260 °C and the detection was by using the seldotechonitoring (SIM) mode.

The two most intense ions of the molecular ion telusvere monitored for the analytes and labell@eshdsrds.
The identification of the analytes was performethgisetention times, relative retention times asotope ratios for the
labelled standards and respective analytes. The fregment with the highest intensity of the molecion was used for
guantification while the other was used as a rat&ss. All the PAHs and PCBs concentrations wereutatked per oven

dry weight of soil.
Analytical Quality Assurance and Control

All organic solvents were of picograde quality; gdfous sodium sulfate and adsorbents were of dcalygrade
(LGC Promochem, Wesel, Germany). The silica gel nssted overnight at 550 °C. The labelled standarte of over
99% certified purity (Dr. Ehrenstorfer, Augsburger@any) and were stored in glass-stoppered flasksats in a deep
freezer at —28 °C. After use, all glassware andsta@re rinsed with a technical mixture of tolueaeetone and hexane,
and washed with water and detergent in a washinghime. Thereafter, the glassware was dried in am@wernight at
high temperatures up to 450 °C. Matrix spikes (Waglstandards spiked on sea sand previously dtiB8&G°C and mixed
with hydromatrix) were prepared, extracted, cleaard analyzed in parallel with the soil samplesnits of detection
(S/N = 3) ranged from 0.0002 to 0.005 ng/g. Theaye recoveries in matrix spikes for PAHs and P@Bged from 72%

to 90%. The coefficients of variation ranged frono8.7% for all compounds.
Data Analysis

Graph Pad In Stat software (Motulsky, 1998) was leygul to check for the differences in concentratiarf
PAHs and PCBs among the sampling stations.

RESULTS AND DISCUSSIONS

PAHs and PCBs Concentrations in Soil

The concentrations for the individual PAHs and tb&al concentrations of 16 PAHS RPAHS) for the ten
sampling points are presented in Table 1. All 16HBAvere detected in all the soil samples. The aunagons of total
PAHSs ranged from 104 ng/g to 35890 ng/g. The PAdNels are generally similar to those reported ifs 30 urban and
industrialized areas in most studies conductedhergparts of the world, such as Estonia (2200-028§/g), Notre-Dame
de Gravenchon industrial area-France (5650+2305g)ngRouen urban-France (2780879 ng/g), Beijinga@hi
(366 — 27825 ng/g), Tarragona-Spain (281.2—-785/§)rend Dalian-China (650+252—6506+5726 ng/g) (idap1999;
Motelay-Massei et al., 2004; Tang et al., 2005; &ad al., 2007; Wang et al., 2007). The PAHs catre¢ions found in
soil in the present study are also comparable eor¢fported concentrations in sediments and oy$tens the inter-tidal
areas of Dar es Salaam, Tanzania (78—25,000 ngédiments and 174 — 647 ng/g in oysters) (Gaspasas,, 2009).

According to the categories from Baumard et al.9@)9XPAHs pollution levels are classified into four
categories. The pollution levels BPAHS on dry weight basis are: low (0-100 ng/g), erate (>100-1000 ng/g), high
(>1000-5000 ng/g) and very high (>5000 ng/g). lis gtudyZPAHs in 80% of the samples could be characterized a
moderate pollution levels. TIEPAHSs in soil samples from points A and B could besidered as the pollution levels are

high and very high, respectively.



4 John Andrew Marco Mahugija

Individual concentrations of PCBs and the totalaamirations of 18 PCBS PCBs) in soils of Vingunguti area given
according to the different sampling points are s Table 2. The sum of PCBs concentrations ih\snied from 0.4

ng/g to 282 ng/g. Most of the PCBs concentratioasevgenerally low except in samples from point B.

In comparison to studies carried out in differentustrial and urban areas, the PCBs concentratiovisigunguti
soils are relatively lower than those found in sditom an industrial area in Notre-Dame de Gravendfrance
(>7PCBs = 150 ng/g) (Motelay-Massei et al., 2004) and/adrid-Spain (PCBs 32 ng/g) (Garcia-Alonso dt&rez-
Pastor, 2003), but are relatively greater thaneaheported in an urban area in Rouen-Fran¢éPCBs = 1.49 ng/g)
(Motelay-Massei et al., 2004). Most of the totalB3Concentrations were comparable to those foursiis of a highly
industrialized chemical/petrochemical area in Tgorea, SpainX7PCBs ranged 0.185-17.895 ng/g with mean values of
4.435-4.673 ng/g) (Nadal et al., 2007), exceppfunt B.

Table 1: PAHs Concentrations in Soil ng/g dw

PAHs Rings | A B C D E F G H | J
Naphthalene 2 187 2310 63.2 25.1 35 17 80 14.7 2688
Acenaphthylene 3 9.1 217 2 0.7% 13 14 4.4 0.97720. 35
Acenaphthene 3 9.2 89 2 0.54 16 1.6 427 039 P59 |2
Fluorene 3 26 160 4.4 1.3 2.5 2.4 4|9 12 095 5.2
Phenanthrene 3 314 2715 658 27/1 28 L7 124 p4.4.4 |2465
Anthracene 3 30 334 6.5 1.8 2 14 8/8 25 1.6 5.8
Fluoranthene 4 96 1322 16 17.2 17 7.2 82 14.8 12.97
Pyrene 4 161 1953 30 22.1 12 i 53 10.3 10.2 43
Benzo(a)anthracene 4 24 870 6| 133 5.8 2 22 5.8 2.80
Chrysene 4 155 2568 25.2 14.2 13 V 102 17.1 105 |34
Benzo(b)fluoranthene 5 42 3862 6.5 112 18 6.3 764.31 6.1 25
Benzo(k)fluoranthene 5 21 1764 3.9 5.3 6.7 2.1 5 .4 5 2.2 11
Benzo(a)pyrene 5 38 4853 6.9 8.9 W7 3.2 36 6 .34 |1
Dibenzo(a,h)anthracenge 5 6 778 1.1 1.5 2.1 D.2 6.9.2 | 0.59| 3.6
Indeno(,2,3- 6 67 | 5464 | 115 9 17| 14 49 12l6 4 2¢
c,d)pyrene
Benzo(g,h,i)perylene 6 113 6627 33/7 12/6 16 13 582.1 | 4.6 42

PAHs 2-6 | 1306 | 35890 | 285 172 186 | 104 | 733 | 144 | 111 | 418

A-J= Sampling stations

Table 2: PCBs Concentrations in Soil ng/g dw

PCBs IUPAC No. A B o) D E F G H I J
Indicator PCB:
24.4- TnCthl’OblphEﬂ\;‘l PCB 28 0.14 2.1 0.16 na 0.03 0.03 0.07 0.2 038 | 0.08
2.2',5,5-Tetrachlorobiphenyl PCB 52 0.23 13 0.11 na 0.04 0.03 0.09 0.13 | 034 | 0.15
2.2' 4.5,5-Pentachlorobiphenyl PCB 101 0.51 23.9 0.23 na 0.05 0.04 0.22 0.14 | 0.82 | 0.22
2.2'.3.4,4.5 -Hexachlorobiphenyl PCB 138 1.3 77.9 14 na 0.1 0.05 1 026 | 0.76 | 0.29
2.2 4.4.5,5 -Hexachlorobiphenyl PCB 153 12 48.4 1 na 0.11 0.1 1.1 0.3 0.75 0.29
2.2'.3.4.4.5, 5 Heptachlorobiphenyl PCB 180 1 41.7 3.2 na 0.14 0.06 0.68 0.17 | 058 | 041
Non-grtho PCB:
3.3".4 4-Tetrachlorobiphenyl PCB 77 0.36 18 0.21 na 0.01 0.02 0.56 0.06 0.58 0.1
3.4.4' 5-Tetrachlorobiphenyl PCB 81 0.01 0.31 0.03 na nd. nd. 0.01 nd. 022 0.02
3.3'.4,4 5-Pentachlorobiphenyl PCB 126 0.01 0.68 0.01 na nd. nd. 0.01 0.01 037 0.03
3.3' 4 4 5 5-Hexachlorobiphenyl PCB 169 nd. 02 nd. na nd. nd. nd. nd. 011 0.01
Mono-ortho PCB:

2.3.3",4.4-Pentachlorobiphenyl PCB 105 0.3 146 0.16 na 0.03 0.02 0.27 0.1 3.1 0.42
2.3.4.4 . 5-Pentachlorobiphenyl PCB 114 0.03 7 0.1 na 0 n.d. 0.02 0.01 0.1 0.01
2.3'.4,4 5-Pentachlorobiphenyl PCB 118 0.5 22.7 0.26 na 0.05 0.03 0.45 0.2 1.5 0.3
2'.3.4,4 5-Pentachlorobiphenyl PCB 123 0.02 0.8%9 0.02 na nd. n.d. 0.02 0.01 0.21 0.02
2.3.3".4.4 5-Hexachlorobiphenyl PCB 156 0.2 9.2 0.1 na 0.01 0.01 0.18 0.06 0.32 0.04
2.3.3'.4.4 5 -Hexachlorobiphenyl PCB 157 0.04 25 nd na nd n.d. 0.04 0.01 0.03 0.01
2.3'.4,4 5 5 Hexachlorobiphenyl PCB 167 0.08 3.6 0.1 na 0.01 n.d. 0.09 0.03 0.18 0.02
2.3.3',4.4'.5 5" Heptachlorobiphenyl PCB 189 0.03 1.1 0.1 na 0.01 n.d. 0.02 0.01 0.02 0.01

> PCBs 6.0 282 72 na 0.6 0.4 4.83 1.7 10.6 2.43

n.d. = not detected; na = Sample fraaticsh D was not analyzed for PCBs.



Levels and Profiles of Polycyclic Aromatic Hydrocabons and Polychlorinated
Biphenyls in Soil at an Industrial Area in Dar Es S&laam, Tanzania 5

PAHs and PCBs Profiles

The composition profiles of PAHs by ring sizes presented in Figure 1. The profiles were domindtgdhigh
molecular weight (4-6 rings) PAHs, which accounfed 49.4-83.8% of the total PAHs concentrations,ileviow
molecular weight (2-3 rings) PAHs accounted for216.50.5% of total PAHs concentrations, with averagmpositions
of 62.7% and 37.3%, respectively. LMW PAHs are k¢ to be degraded and easily evaporate intdram soil
therefore are subject to transport to other aream their sources, while HMW species are proneafnd deposition and

retention close to the sources because they aily ealsorbed to the particles and therefore ars lest from soil
(Ma et al., 2005).

2-3rings 4-6 rings
90.0
80.0
700
60.0
50.0
40.0

Ehdbnniny

Sampling stations

% in total PAHs

Figure 1: Composition Profile of PAHs in Soil fromVingunguti Industrial Area-Dar es Salaam

The ratios of the PAHSs, phenanthrene/anthracene/fh and fluoranthene/pyrene (Flu/Pyr) are commpasied
to distinguish between pyrolytic and petrogenicrees. Phe and An or Flu and Pyr possess similasiptrchemical
properties, therefore, variability of the ratiomngarimarily reflect source characters. Generallgef/An ratio > 10 and
Flu/Pyr ratio > 1 are characteristic of wood andlammbustion, while Phe/An ratio < 10 and Flu/Patio < 1 indicate
that PAHs mainly come from pyrogenic origin (Yunlaral., 2002). Phe/An ratios vary between 8.1 Ha@, with 70%
of the ratios being > 10 and the Flu/Pyr ratiogefrom 0.5 to 1.5, with 50% of the ratios abov@ &ble 3), indicating

that the concentrations of PAHs in samples weleénted by traffic and industrial emissions as wslwood or biomass
combustion within and around the study area.

The congener profile study of PCBs showed that thgachlorobiphenyl congeners 138 and 153 were the
predominant contaminants, followed by heptachlgsbbnyl congener 180 and the pentachlorobiphenyjeoers 101 and
118. Similar profiles have been reported in varistuslies (Lee et al., 1996; Nadal et al., 2007Jat, the PCB congeners
138 and 153 have been generally characterizedeasmdist abundant and frequently detected in soilg'lodin centres and
even in forests (Buckland et al., 1998).

The total concentrations of PAHs were significarghgater than those of PCBBIgnn-Whitney U-statistic =

10.000, U’ = 80.000, p = 0.003ndicating that the area is more affected by cestibn activities than activities related to
sources of PCBs.

Table 3: Ratios of PAHs

PAHs A B C D E F G H | J
Phe/An| 10.6 8.1 10.1) 151 140 12]1 14.1 918 15.3.6 P
Flu/Pyr| 0.6 0.7 0.5 0.8 14 1.2 1.5 1.4 183 0.9
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CONCLUSIONS

There were moderate to high levels of pollutiorP#Hs in the study area. PAHs with four to six ringgre more
dominant than those with two to three rings. Thefijas indicated that the concentrations of PAHsamples from the
study area are related with traffic and industealissions as well as wood or biomass combustion. |@¥els of PCBs

were generally low. Indicator PCBs showed the hégleencentrations among PCBs congeners.
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