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Abstract 
Levels of Polycyclic aromatic hydrocarbons (PAHs) from sediments collected 
in July 2017, a week after tanks oil leak in the bay of Wesha Peninsular, Pem-
ba Island are reported. Four sampling points were chosen alongside the man-
groves where a total of twenty samples were collected during the low tides. 
Eight PAHs were detected with concentrations ranging from ND to 53.42 
ng/g (dw). Total PAHs in sediments was 158.38 ng·g−1. Phenanthrene resi-
dues (lower molecular weight) were dominant followed by pyrene (higher 
molecular weight PAHs) accounting for 90% and 40% detection frequencies, 
respectively. Statistical analysis showed no significant difference in the con-
centrations of PAHs among sites (p < 0.05, ANOVA). Vertical distribution of 
PAHs shows no definite patterns with sediment depth, however, composition 
patterns of PAHs along sediment depth indicate that higher molecular weight 
PAHs tend to remain in middle layer (2 - 4 cm). The results advocate the 
needs of proper monitoring to avoid the possible consequences to the public 
health. 
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1. Introduction 

There is a growing concern about persistent organic pollutants (POPs) and po-
lycyclic aromatic hydrocarbons (PAHs) in marine environment. The distribu-
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tion of these chemical compounds is globally in a variety of environmental com-
partments including marine [1]. Marine pollution is a subject of global interest 
due to the large number of toxic substances transported to marine environments 
[2]. The pollutants are capable of residing in marine sediments and water due to 
their physical-chemical properties [3]. 

In May 2001, a global treaty for the regulations of POPs was signed the 
“Stockholm convention” for the purposes of total elimination of the 12 POPs on 
a global scale [4]. Although PAHs are not part of the 12 priority pollutants of the 
Stockholm convention but were listed by the United States Environmental Pro-
tection Agency and the European Commission as priority pollutants. Previous 
studies have shown the presence of large amount of organic compounds in the 
marine environment, the most important of which belong to PAHs and OCs [5]. 

These ubiquitous environmental pollutants have been extensively studied due 
to their toxicity to ecosystem and environment as whole [6]. The occurrence of 
PAHs pollutants is a result of both natural and anthropogenic sources and nor-
mally found in marine water and sediment where they can be taken up by ma-
rine animals [7]. Due to the low solubility, hydrophilic characteristics and higher 
persistence, POPs tend to adsorb and highly accumulate in marine sediments 
and can cause major hazards for aquatic life in marine environments, particu-
larly in areas close to anthropogenic source [8]. The increase in concentration of 
POPs pollutants in marine environment can pose higher risks to plants and an-
imals including fish at alarming rate [9] [10].  

Numerous cases of POPs and their byproducts pollution have been reported 
in different marine areas of the world [11]. The uses of these chemicals have also 
led to environmental pollution to non-target organisms through sub lethal ex-
posure and chronic toxicity [12]. In 1970s, these compounds were prohibited in 
many developing countries although they are still used [13]. 

Zanzibar coastal areas as a part of the world have been reported to have a 
number of cases related to organic pollutants originated from different sources, 
such as sea transportation, fuel-based power generation, the tourism industry 
and accidental oil spills along the coast. The potential source of PAHs in coastal 
environment of Pemba Island can be associated with the use of diesel mixture 
(with heavy oil) for generation of electric power from Wesha power station lo-
cated few meters from the sea. The station has been working for almost three 
decades. The oil residues and other wastes were disposed by delivering to sea 
from oil tanks through pipes. Wesha station is the only port that handles about 
2000 tons of different types of oil that is transported to Pemba Island including 
petrol, diesel, kerosene and heavy oil (industrial diesel oil). Poor management 
and technological facilities to deal with oil pollution emergency like an acciden-
tal spill or leakage during operational activities characterize both depots. Various 
studies have indicated the presence of POPs in Zanzibar marine waters and their 
residues were detected in sediments and crabs [14] and fishes [15] as well as in 
marine seafood [16]. The study aims were to measure levels and vertical distri-
bution of PAHs in marine sediments at Wesha Bay in Pemba Island. Figure 1  
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Figure 1. The image of affected mangroves after oil spill at Wesha coastline. 
 
shows the affected mangroves after oil spill in Wesha during the time of this 
study. 

2. Materials and Methods 
2.1. Study Area 

This study was conducted at Wesha, a small village located within Chake-Chake 
District (Coordinates: 5˚15'S, 39˚7'E), Southern region of Pemba Island in Zan-
zibar (Figure 2). The village is about 5.2 km from Chake-Chake, the central 
town of Pemba Island. The study area is the eastern part of coastal environment 
of semi-enclosed bay, which opens to the Indian Ocean channel. Wesha bay is 
widely known in Pemba for providing very important socio-economical activi-
ties not only for the nearby community but also for the islands at large. The bay 
houses an oil depot through which all types of fuel oils used in Pemba are 
shipped and temporary stored before being distributed to selling points. The 
coast also hosted the former power plant, which was the only source of electrici-
ty on Pemba-Island. This study, reports the distribution levels of PAHs in ma-
rine sediments in Wesha Eastern Peninsular across the sea after 10th July 2017 oil 
leak. 

2.2. Sampling  

The sampling exercise was done on 22nd July 2017 using sampling core tech-
nique. The selected site for the collection of organic contaminants in marine se-
diment covered the area of (180 × 15) m2. The sampling area was divided into 
four points. Each core of 10 cm depth was sliced at interval of 2 cm depth apart 
from top making five samples per core and total of twenty samples in all area 
(Figure 3). Each sample was then separately sealed with aluminum foil. The 
samples were then transported to the laboratory in icebox at 4˚C and stored at 
−20˚C in the deep freezer until analysis. 

2.3. Extraction  

The samples were defrosted and thoroughly mixed by using stainless metal spa-
tula to give homogenous samples. 50 g of sediment samples were freeze-dried 
(labconco freezone 2.5 L) for 24 hrs. A mass of 15 g of individual freeze-dried  
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Figure 2. Map of Pemba Island, Tanzania shows sampling location. 

 

 
Figure 3. Schematic diagram showing depth intervals of sedi-
ments in sampling area. 

 
sediment was put in a thimble and then covered with cotton wool at the top. The 
thimble with samples was then extracted by Soxhlet extraction technique using 
dichloromethane according to the method described by [17] [18]. 

2.4. Clean-Up  

The extracts were cleaned by column chromatograph with pre-backed silica gel 
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using cyclohexane. The extract was then eluted using 20 mL of cyclohex-
ane/acetone 9:1 mixture. The eluted volume was reduced to 1.00 ml and quanti-
tatively transferred into a GC [19] [20].  

2.5. The GC-ECD Analysis 

The extracted samples were analyzed using gas Chromatography-Mass Spectro-
metry (GC MS—2010 Shimadzu instrument operating in EI mode—MS) at 70 
ev, and ECD detector for GC. The injection temperature was 250˚C with split 
less injection mode. A restek-5MS column (30 m × 0.25 mm × 0.25 μm) was 
used. The oven temperature program was 90˚C to 280˚C held at 90˚C for two 
minutes before being raised at a rate 6˚C per minute. Helium was used as carrier 
gas at a flow rate of 1.21 mL·min−1. The ion source temperature and interface 
temperature in MS were 230˚C and 300˚C respectively.  

2.6. Blanks Determination and Recovery 

Each batch of processed sample was followed by blank and recovery samples that 
were subjected to the same protocol as explained by [21]. Blanks taken from re-
mote area with reference to sampling area aimed at evaluating and monitoring 
potential introduction of contaminants into samples during processing or de-
termining background levels of the measured properties, while recovery tests 
were conducted to reflect ability of the used laboratory methods to fully recover 
surrogate compounds in the samples matrix at the beginning of the procedure. 
Blank experiments were carried out by running the same amount of pre-cleaned 
sediments as the samples along the same analytical procedure and did not show 
any contamination. 

2.7. Analytical Quality Assurance 

All glassware and other equipment used for sampling and preparation were 
checked for PAHs before use. GC-MS analysis showed that procedural blanks 
prepared from sediments during sample preparation protocol were free from 
contamination. The recovery test of the target analytes (PAHs) gave percentage 
recovery ranging from 91% to 112%. The blanks and the method recovery were 
within the acceptable range of 5% - 120% [21]. 

3. Results and Discussion 

The chromatographic analysis revealed the presence of a total of eight polycyclic 
aromatic hydrocarbons (PAHs) among the 16 priorities PAH pollutants of con-
cern. The detected PAHs were Acenapthalene (ACE), Phenanthrene (PHE), 
Anthracene (ANT), Pyrene (PYR), Chrysene (CHRY), Benzo(a)pyrene (BaP), 
Fluorine (FLR) and Benz(a)anthracene (BaA). The concentration of the investi-
gated total PAHs in sediment samples varied from site to site (Table 1).  

One-way ANOVA was used for the statistical analysis. The differences in 
contaminants concentrations in sediment samples from the four locations were  
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Table 1. Concentrations of PAHs in sediments (ng/g dw). 

SITE SAMPLE ACE PHE ANT PYR CHRY FLR BaA BaP 

 A1 ND 1.65 ND ND ND ND ND ND 

 A2 ND 53.42 ND ND ND ND ND ND 

A A3 ND 3.10 0.66 ND ND ND ND ND 

 A4 ND 20.33 ND ND ND ND ND ND 

 A5 1.78 16.77 ND 7.93 ND ND ND 0.69 

 B1 ND 1.72 0.45 0.54 ND ND ND ND 

 B2 0.67 0.50 ND 2.24 ND 1.39 ND ND 

B B3 0.56 5.42 ND 2.15 ND ND ND ND 

 B4 ND 1.44 0.68 2.80 ND ND 1.55 ND 

 B5 ND 2.55 0.57 ND ND ND ND ND 

 C1 ND 0.53 ND 0.14 ND ND ND ND 

 C2 0.74 0.49 ND 6.32 1.16 ND ND ND 

C C3 ND 0.58 ND ND ND ND ND ND 

 C4 ND 3.14 ND ND ND ND ND ND 

 C5 ND ND ND ND ND ND ND ND 

 D1 0.09 2.39 0.68 ND ND ND ND ND 

 D2 ND ND 0.59 ND ND ND ND ND 

D D3 ND 0.97 ND ND ND ND ND ND 

 D4 ND 3.14 ND ND ND ND ND ND 

 D5 0.49 3.86 ND 1.51 ND ND ND ND 

ND = Not Detected. 
 
compared using analysis of total means (one way-ANOVA). Normally, the dis-
tributed data were evaluated via one-way ANOVA, with an alpha level of 0.05. 
The differences were determined to be significant, where p < 0.05. Since the 
p-value (Table 2) shows that p > 0.05, thus the results from this study are not 
significant. 

The highest total PAHs was detected in site A where concentration ranged 
from 1.65 ng/g - 53.42 ng/g dw with mean total concentration of 21.27 ng/g fol-
lowed by site B (2.71 - 8.13 ng/g dw) with mean total concentration 5.05 ng/g. 
Site D was third position with total concentration ranged from 0.59 - 5.86 ng/g 
dw whereas mean total concentration was 3.28 ng/g dw. The lowest mean total 
concentration was detected in site C (2.62 ng/g dw) with total concentration 
ranged from ND to 8.71 ng/g dw. The distribution of mean total PAHs concen-
trations is presented in Figure 4. 

Generally, the total concentration of total PAHs showed the following trend 
A > B > D > C. On the other hand the composition of PAHs site-wise showed 
that all sites were dominated by LMW-PAHs except in site C where HMW-PAHs  
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Table 2. P-value of ∑total sampling sites of the present study. 

 Sum of Squares Df 
Mean 
Square 

F Sig. 

Between 
Groups 

24.237 17 1.426 2.851 0.438 

Within Groups 0.500 1 0.500   

Total 24.737 18    

 

 
Figure 4. Comparison of total mean concentration of PAHs found in sediments (ng/g). 
 
were relatively higher in LMWPAHs. The dominance of LMWPAHS is more 
pronounced in site A and D. The LMWPAHs concentrations contributed 91.6% 
and 89% of the total PAHs at site A and D respectively. At site B the LMWPAHs 
accounted for 63% of total PAHs. In contrary, the HMWPAHs had higher con-
tribution (63%) in total PAHs compared to LMWPAHs (37%). Figure 5 shows 
overall spatial compositions of the measured PAHs. 

Higher contribution of LMWPAHs in total PAHs is an indication of recent 
release and the PAHs are originated from petrogenic sources [22]. The domin-
ance of HMWPAHs particularly to areas polluted by oil pollution is an evidence 
of aged release. As the source of PAHs at Wesha is obviously petrogenic, very 
high dominance of LMWPAHs is clear indication that eastern part of Wesha 
Peninsular was largely affected by new release of oil [23]. The high contribution 
of HMWPAHs observed at site C indicates that the area was also affected by 
previous pollution. Furthermore, higher contribution of LMWPAHs was attri-
buted phenanthrene that was predominantly detected. The PAH phenanthrene 
is known to have low to intermediate aqueous solubility and hydrophobicity and 
it is reported to have significantly sorbet to soil particles [24].  

Fraction of HMWPAHs in this study was mainly attributed by detection of  
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Figure 5. Comparison of percentage concentration of ∑8 PAHs found in sediments 
(ng/g) collected at the Wesha eastern Peninsular. 
 
Pyrene. This compound has lower water solubility, higher Log Kow, higher hy-
drophobicity, non-volatile, and strongly adsorbed into sediment compared to 
Phenanthrene [25]. These make pyrene ability to resist to degradation such that 
can remain in the sediment even 12 years after oil spills.  

On the context of vertical distribution, PAHs indicated an increase in mean 
total concentrations from layer 1 (0 - 2 cm) and layer 2 (2 - 4 cm) at site A and B 
while there were slight decrease in mean total PAHs from the layer 1 and layer 2 
(Figure 6). With the exception of site B, all remaining sites showed increase of 
mean total PAHs concentration from layer 3 (6 - 8 cm) down to layer 5 (8 - 10 
cm). 

Overall distribution of mean total concentrations indicated that layer 2 accu-
mulated highest concentration compared to other layers. The layer contributed 
to 42.63% of all measured pollutants in the area, which was higher than the other 
layers. The layer 2 was followed by far by layer 5 which accounted for 22.82% of 
the total overall residues. Other layers 1, 3 and 4 contributed 5.17%, 8.49% and 
20.89% of the total PAHs, respectively. Thus the vertical general trends of the re-
sidues is layer 2 > layer 5 > layer 4 > layer 3 > layer 1.  

In this study the surface sediment from layer 1 (0 - 2 cm) had the lowest con-
centrations likely because the layer is constantly washed by tidal water. The 
highest concentration in sediments of layer two is an indication that the pollu-
tants are the result of recent release and are is in their way down the sediment. 

Despite the variation, all layers were dominated by LMWPAHs. The domin-
ance of LMWPAHs is attributed with the detection of high levels of phenanth-
rene in all sediment layers except one (lower most sampled layer at site C). 
Moreover other LMWPAHs were also measured in most sediment layer. In con-
trary, HMWPAHs such as Benzo(a)pyrene, Chrysene and Benzo(a)pyrene were 
only detected at low concentration in 45% (n = 9) of the sampled layers (Figure 
7).  
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Figure 6. Vertical profile of Mean total concentration of PAHs (ng/g). 
 

 
Figure 7. Percentage layers composition of PAHs. 
 

In average composition, PAHs varied with no clear definite trend down the 
sediment column. Contribution of LMWPAHs gave the following trend layer 1 > 
layer 4 > layer 2 > layer 3 > layer 5 (Figure 6). Although there was no defined 
trend but the variations gave indication that surface top layer is highly domi-
nated with LMWPAHs (91.70%) and their proportion decreased as you go down 
the column to 71.98% at down most layer 5. This findings support the idea that 
composition of HMWPAHs increases with depth [26]. On the other side, PAHs 
levels were reported to contribute considerably to the accumulation of PAHs in 
marine sediments. For example variations of PAHs have been observed in dif-
ferent environments. 

Also, the levels of PAHs from this study were lower than those reported in 
east coast of Malaysia [27] but relatively comparable to those measured in sedi-
ments from marine sediment in Thailand [28]. Moreover, the concentrations of 
total PAHs residues measured in sediments in this study were on average, lower 
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than those found in sediments from Singapore [29]. Additionally, the level of 
PAHs from this study were comparable to elsewhere around the world as the 
study reported in sediment of Day bay, China [30] and lower than those re-
ported in Shenzhen river [31]. 

In terms of molecular weight and ring size PAHs, the results have shown sig-
nificant difference between two groups, of the LMW to HMW-PAHs. Phe-
nanthrene was dominant as a LMW and 3-ringed PAHs. The findings of this 
study correspond to study of PAHs conducted at Estero de Urias that found the 
higher levels of Phenanthrene followed by pyrene in sediments [32]. The influ-
ence of 3 and 4-rings PAHs was also observed in sediment samples collected 
from Sanerancisco Bay [33] and in sediment from Mumbai harbor in India [34]. 
Although direct comparison of data on levels of PAHs on sediments between 
different studies is difficult because of differences in laboratories and methods of 
analysis, the comparison can at least give an indication of level of contamination 
of the study areas. 

The PAHs levels in this study are also relatively comparable to marine coastal 
areas of Zanzibar Municipality whereby there are more diffuse sources such as 
runoff and washings, and boat activities. But the levels in this study are lower 
than those reported in crabs from different coastal areas of Zanzibar. Generally, 
the results of this study show that the total maximum concentrations of the 
PAHs are comparatively lower than those reported for sediments from other 
countries. For instance, Langat Estuary, Malaysia reported the PAHs up to 2480 
ng/g [20] while Egypt Mediterranean Sea reported the maximum of 22,600 ng/g 
[35]. However, Singapore, reported the maximum PAHs of 82,410 n/g [29]. 
Other maximum values reported from different coastal areas are indicated in 
Table 3. 
 
Table 3. Maximum total PAHs (ng·g−1 dw.) in sediments from various marine sites in the 
world. 

Locations Concentration Reference 

Langat Estuary—Malaysia 2480 [20] 

East coast of Malaysia 590 [27] 

Singapore 82,410 [29] 

Egypt Mediterranean sea 22,600 [35] 

Naples harbor, southern Italy 31,774 [36] 

Gulf of Fos area, France, Mediterranean sea 2700 [37] 

Italian marine protected areas 1550 [38] 

Xiamen Sea, China 1177 [39] 

Jakarta Bay, Indonesia 77,700 [40] 

Wesha coastal area, Pemba Island Tanzania 158.38 This study 
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4. Conclusions and Recommendations 

The 8 PAHs out of the 16 United State priority pollutants were measured in se-
diment with total concentration of 158.38 ng/g (dw). In general, LMWPAHs 
dominated the HMWPAHs signaling the possibility of petrogenic sources. The 
presence of 2-ring and 3-ring PAHs in the surface soils can suggest that the more 
PAHs come from recent deposition events. However, the presence of HMPAHs 
also indicated the long-term contamination within the study area. Interns of se-
diment depth, PAHs pollution trend was random (rise and fall) may be due to 
periodic input of oil in the area. Phenanthrene residues (lower molecular weight) 
were dominant followed by pyrene (higher molecular weight PAHs) accounting 
for 90% and 40% detection frequencies, respectively. The results indicate that 
Wesha coastal area is contaminated with PAHs. Generally, the coastal area un-
der this study is less polluted with respect to PAHs pollutants compared to the 
similar coastal areas reported in other countries. However, there is possibility of 
posing adverse effect on marine organisms and health effect of Wesha village dwel-
lers and surrounding areas depending on marine foods as the part of their daily ne-
cessities. Based on the critical situation experienced in Wesha coastal environment, 
the study comes with the following conclusions and recommendations: 

1) This study provides important data set on PAHs levels in the sediments 
along Wesha eastern peninsula, Pemba. 

2) Levels of PAHs in sediment were several higher than the other related study 
reports from various countries. 

3) PAH distribution profile indicated potential source dependence, as the le-
vels were generally higher in the vicinity of emission inputs.  

4) The results show that lower molecular weight PAHs were dominant. 
5) Close monitoring of PAHs contamination around this area remains impor-

tant. 
6) Further work is needed not only to assess the spatial distribution of PAHs 

in sediment but also to examine temporal variation with more intensive sam-
pling. 

7) Remediation of contaminated area should be introduced by planting new 
mangroves. 

8) Establish an extensive awareness campaign on the adverse effect of pollu-
tion on the environment and the populace. 

Acknowledgements 

Authors acknowledge sincerely the Building Stronger University (BSU II) Project 
under DANIDA financial support framework in collaboration between the State 
University of Zanzibar (SUZA), Tanzania, Copenhagen University and Aarhus 
University (AU) of Denmark.  

Declaration of Competing Interest 

The authors declare no conflicts of interest. 

https://doi.org/10.4236/jep.2023.147029


H. R. Ali et al. 
 

 

DOI: 10.4236/jep.2023.147029 504 Journal of Environmental Protection 
 

References 
[1] Mac-Donald, D.D., Ingersoll, C.G. and Berger, T.A. (2000) Development and Eval-

uation of Consensus-Based Sediment Quality Guidelines for Fresh Water Ecosys-
tems. Archives of Environmental Contamination and Toxicology, 39, 20-31.  
https://doi.org/10.1007/s002440010075 

[2] Filipkowska, A., Lubecki, L. and Kowalewska, G. (2005) Polycyclic Aromatic Hy-
drocarbon Analysis in Different Matrices of the Marine Environment. Analytical 
Chimica Acta, 547, 243-254. https://doi.org/10.1016/j.aca.2005.05.023 

[3] Lohmann, R., Breivik, K., Dachs, J. and Muir, D. (2007) Global Fate of POPs: Cur-
rent and Future Research Directions. Environmental Pollution, 150, 150-165.  
https://doi.org/10.1016/j.envpol.2007.06.051 

[4] UNEP (2001) Final Act of the Plenipotentiaries on the Stockholm Convention on 
Persistent Organic Pollutants. United Nations Environment Program Chemicals, 
Geneva, 445. 

[5] Motelay-Massei, A., Ollivon, D., Garban, B. and Chevreuil, M. (2003) Polycyclic Aro-
matic Hydrocarbons in Bulk Deposition at a Suburban Site: Assessment by Principal 
Component Analysis of the Influence of Meteorological Parameters. Atmospheric 
Environment, 37, 3135-3146. https://doi.org/10.1016/S1352-2310(03)00218-8 

[6] Sverdrup, L.E., Nielsen, T. and Krogh, P.H. (2002) Soil Ecotoxicity of Polycyclic 
Aromatic Hydrocarbons in Relation to Soil Sorption, Lipophilicity, and Water So-
lubility. Environmental Science & Technology, 36, 2429-2435.  
https://doi.org/10.1021/es010180s 

[7] Usenko, S., Landers, D.H., Appleby, P.G. and Simonich, S.L. (2007) Current and 
Historical Deposition of PBDEs, Pesticides, PCBs, and PAHs to Rocky Mountain 
National Park. Environmental Science and Technology, 41, 7235-7241.  
https://doi.org/10.1021/es0710003 

[8] Sany, S.B.T., Hashim, R., Sallerh, A., Rezayi, M., Mehdinia, A. and Safari, O. (2014) 
Polycyclic Aromatic Hydrocarbons in Coastal Sediment of Klang Strait, Malaysia: 
Distribution Pattern, Risk Assessment and Sources. PLOS ONE, 9, e94907.  
https://doi.org/10.1371/journal.pone.0094907 

[9] Allan, S.E., Smith, B.W. and Anderson, K.A. (2012) Impact of the Deep Water Ho-
rizon Oil Spill on Bioavailable Polycyclic Aromatic Hydrocarbons in Gulf of Mexico 
Coastal Waters. Environmental Science and Technology, 46, 2033-2039.  
https://doi.org/10.1021/es202942q 

[10] Norman, D.F., Joseph, T.H.Jr., Glenn, C.H., Anita, K.M. and Brian, H.M. (2021) 
Oral and Dermal Bioavailability Studies of Polycyclic Aromatic Hydrocarbons from 
Soils Containing Weathered Fragments of Clay Shooting Targets. Environmental 
Science and Technology, 55, 6897-6906. https://doi.org/10.1021/acs.est.1c00684 

[11] Chen, B., Xuan, X., Zhu, L., Wang, J., Gao, Y., Yang, K., Shen, X. and Lou, B. (2004) 
Distributions of Polycyclic Aromatic Hydrocarbons in Surface Waters, Sediments 
and Soils of Hangzhou City, China. Water Research, 38, 3558-3568.  
https://doi.org/10.1016/j.watres.2004.05.013 

[12] Sankar, T.V., Zynudheen, A.A., Anandan, R. and Nair, P.V. (2006) Distribution of 
Organochlorine Pesticides and Heavy Metal Residues in Fish and Shellfish from Ca-
licut Region, Kerala, India. Chemosphere, 65, 583-590.  
https://doi.org/10.1016/j.chemosphere.2006.02.038 

[13] Doong, R.A., Peng, C.K., Sun, Y.C. and Liao, P.L. (2002) Composition and Distribu-
tion of Organo Chlorine Pesticide Residues in Surface Sediments from the Wu-Shi 
River Estuary, Taiwan. Marine Pollution Bulletin, 45, 246-253.  

https://doi.org/10.4236/jep.2023.147029
https://doi.org/10.1007/s002440010075
https://doi.org/10.1016/j.aca.2005.05.023
https://doi.org/10.1016/j.envpol.2007.06.051
https://doi.org/10.1016/S1352-2310(03)00218-8
https://doi.org/10.1021/es010180s
https://doi.org/10.1021/es0710003
https://doi.org/10.1371/journal.pone.0094907
https://doi.org/10.1021/es202942q
https://doi.org/10.1021/acs.est.1c00684
https://doi.org/10.1016/j.watres.2004.05.013
https://doi.org/10.1016/j.chemosphere.2006.02.038


H. R. Ali et al. 
 

 

DOI: 10.4236/jep.2023.147029 505 Journal of Environmental Protection 
 

https://doi.org/10.1016/S0025-326X(02)00102-9 

[14] Mmochi, A.J. (2005) Chemodynamics of Pesticide Residues and Metabolites in 
Zanzibar Coastal Marine Environment. PhD Thesis, The Head Chemistry Depart-
ment, University of Dar es Salaam, Dar es Salaam. 

[15] Kruitwagen, G., Pratap, H.B., Covaci, A. and Bonga, S.W. (2008) Status of Pollution 
in Mangrove Ecosystems along the Coast of Tanzania. Marine Pollution Bulletin, 
56, 1022-1031. https://doi.org/10.1016/j.marpolbul.2008.02.018 

[16] Mwevura, H., Amir, O.A., Kishimba, M., Berggren, P. and Kylin, H. (2010) Orga-
nohalogen Compounds in Blubber of Indo-Pacific Bottlenose Dolphin (Tursiops 
aduncus) and Spinner Dolphin (Stenella longirostris) from Zanzibar, Tanzania. En-
vironmental Pollution, 158, 2200-2207. https://doi.org/10.1016/j.envpol.2010.02.027 

[17] Kelly, C.A., Law, R.J. and Emerson, H.S. (2007) Methods for Analysis for Hydro-
carbons and Polycyclic Aromatic Hydrocarbons (PAH) in Marine Samples. Aquatic 
Environment Protection: Analytical Methods, 12. CEFAS, Lowestoft. 

[18] Wolska, L. (2008) Determination (Monitoring) of PAHs in Surface Waters: Why an 
Operationally Defined Procedure Is Needed. Analytical and Bioanalytical Chemi-
stry, 391, 2647-2652. https://doi.org/10.1007/s00216-008-2173-y 

[19] Magdalena, R., Lidia, W. and Jacek, N. (2006) Analytical Procedures for PAH and 
PCB Determination in Water Samples—Error Sources. Critical Reviews in Analyti-
cal Chemistry, 36, 63-72. https://doi.org/10.1080/10408340600713645 

[20] Zakaria, M.P. and Mahat, A.A. (2006) Distribution of Polycyclic Aromatic Hydrocar-
bon (PAHs) in Sediments in the Langat Estuary. Costal Marine Science, 30, 387-395. 

[21] A ̊kerblom, M. (1995) Guideline for Environmental Monitoring of Pesticide Resi-
dues for the SADC Region. SADC/ELMS, Monitoring Techniques, Series 3, Maseru. 

[22] Readman, J.W., Fillmann, G., Tolosa, I., Bartocci, J., Villeneuve, J.P., Catinni, C. and 
Mee, L.D. (2002) Petroleum and PAH Contamination of the Black Sea. Marine Pol-
lution Bulletin, 44, 48-62. https://doi.org/10.1016/S0025-326X(01)00189-8 

[23] Law, R.J., Kelly, C., Baker, K., Jones, J., McIntosh, A.D. and Moffat, C.F. (2002) 
Toxic Equivalency Factors for PAH and Their Applicability in Shellfish Pollution 
Monitoring Studies. Journal of Environmental Monitoring, 4, 383-388.  
https://doi.org/10.1039/b200633m 

[24] Teixeira, S.C.G., Marques, M.R., Canela, M.C., Ziolli, R.L. and Pérez, D.V. (2009) 
Study of Pyrene Adsorption on Brazilian Soils. Revista de Chimie, 60, 583-587. 

[25] Jiries, A., Hussain, H. and Lintelmann, J. (2000) Determination of Polycyclic Aro-
matic Hydrocarbons in Wastewater, Sediments, Sludge and Plants in Karak Prov-
ince, Jordan. Water, Air, and Soil Pollution, 121, 217-228.  
https://doi.org/10.1023/A:1005257207607 

[26] Liu, G., Zhang, G., Jin, Z. and Li, J. (2009) Sedimentary Record of Hydrophobic 
Organic Compounds in Relation to Regional Economic Development: A Study of 
Taihu Lake, East China. Environmental Pollution, 157, 2994-3000.  
https://doi.org/10.1016/j.envpol.2009.05.056 

[27] Elias, M.S., Wood, A.K., Hashim, Z., Siong, W.B., Hamzah, M.S., Rahman, S.A., Sa-
lim, N.A.A. and Talib, A. (2007) Polycyclic Aromatic Hydrocarbon (PAH) Conta-
mination in the Sediments of East Coast Peninsular Malaysia. Malaysian Journal of 
Analytical Sciences, 11, 70-75. 

[28] Boonyatumanond, R., Wattayakorn, G., Togo, A. and Takada, H. (2006) Distribu-
tion and Origins of Polycyclic Aromatic Hydrocarbons (PAHs) in Riverine, Estua-
rine, and Marine Sediments in Thailand. Marine Pollution Bulletin, 52, 942-956.  
https://doi.org/10.1016/j.marpolbul.2005.12.015 

https://doi.org/10.4236/jep.2023.147029
https://doi.org/10.1016/S0025-326X(02)00102-9
https://doi.org/10.1016/j.marpolbul.2008.02.018
https://doi.org/10.1016/j.envpol.2010.02.027
https://doi.org/10.1007/s00216-008-2173-y
https://doi.org/10.1080/10408340600713645
https://doi.org/10.1016/S0025-326X(01)00189-8
https://doi.org/10.1039/b200633m
https://doi.org/10.1023/A:1005257207607
https://doi.org/10.1016/j.envpol.2009.05.056
https://doi.org/10.1016/j.marpolbul.2005.12.015


H. R. Ali et al. 
 

 

DOI: 10.4236/jep.2023.147029 506 Journal of Environmental Protection 
 

[29] Basheer, C., Obbard, J.P. and Lee, H.K. (2003) Persistent Organic Pollutants in Sin-
gapore’s Coastal Marine Environment: Part II, Sediments. Water, Air, and Soil Pol-
lution, 149, 315-325. https://doi.org/10.1023/A:1025673517831 

[30] Yan, W., Chi, J., Wang, Z., Huang, W. and Zhang, G. (2009) Spatial and Temporal 
Distribution of Polycyclic Aromatic Hydrocarbons (PAHs) in Sediments from Daya 
Bay, South China. Environmental Pollution, 157, 1823-1830.  
https://doi.org/10.1016/j.envpol.2009.01.023 

[31] Li, F., Zeng, X., Yang, J., Zhou, K., Zan, Q., Lei, A. and Tam, N.F. (2014) Contami-
nation of Polycyclic Aromatic Hydrocarbons (PAHs) in Surface Sediments and 
Plants of Mangrove Swamps in Shenzhen, China. Marine Pollution Bulletin, 85, 
590-596. https://doi.org/10.1016/j.marpolbul.2014.02.025 

[32] Jaward, F.M., Alegria, H.A., Galindo Reyes, J.G. and Hoare, A. (2012) Levels of 
PAHs in the Waters, Sediments, and Shrimps of Estero de Urias, an Estuary in 
Mexico, and Their Toxicological Effects. The Scientific World Journal, 2012, Article 
ID: 687034. https://doi.org/10.1100/2012/687034 

[33] Pereira, W.E., Hostettler, F.D., Luoma, S.N., Van Geen, A., Fuller, C.C. and Anima, 
R.J. (1999) Sedimentary Record of Anthropogenic and Biogenic Polycyclic Aromat-
ic Hydrocarbons in San Francisco Bay, California. Marine Chemistry, 64, 99-113.  
https://doi.org/10.1016/S0304-4203(98)00087-5 

[34] Dhananjayan, V., Muralidharan, S. and Peter, V.R. (2012) Occurrence and Distri-
bution of Polycyclic Aromatic Hydrocarbons in Water and Sediment Collected 
along the Harbour Line, Mumbai, India. International Journal of Oceanography, 
2012, Article ID: 403615. https://doi.org/10.1155/2012/403615 

[35] Barakat, A.O., Mostafa, A., Wade, T.L., Sweet, S.T. and El Sayed, N.B. (2011) Dis-
tribution and Characteristics of PAHs in Sediments from the Mediterranean Coastal 
Environment of Egypt. Marine Pollution Bulletin, 62, 1969-1978.  
https://doi.org/10.1016/j.marpolbul.2011.06.024 

[36] Sprovieri, M., Feo, M.L., Prevedello, L., Manta, D.S., Sammartino, S., Tamburrino, 
S. and Marsella, E. (2007) Heavy Metals, Polycyclic Aromatic Hydrocarbons and 
Polychlorinated Biphenyls in Surface Sediments of the Naples Harbour (Southern 
Italy). Chemosphere, 67, 998-1009.  
https://doi.org/10.1016/j.chemosphere.2006.10.055 

[37] Mille, G., Asia, L., Guiliano, M., Malleret, L. and Doumenq, P. (2007) Hydrocarbons 
in Coastal Sediments from the Mediterranean Sea (Gulf of Fos Area, France). Ma-
rine Pollution Bulletin, 54, 566-575.  
https://doi.org/10.1016/j.marpolbul.2006.12.009 

[38] Perra, G., Pozo, K., Guerranti, C., Lazzeri, D., Volpi, V., Corsolini, S. and Focardi, S. 
(2011) Levels and Spatial Distribution of Polycyclic Aromatic Hydrocarbons (PAHs) 
in Superficial Sediment from 15 Italian Marine Protected Areas (MPA). Marine 
Pollution Bulletin, 62, 874-877. https://doi.org/10.1016/j.marpolbul.2011.01.023 

[39] Maskaoui, K., Zhou, J.L., Hong, H.S. and Zhang, Z.L. (2002) Contamination by Po-
lycyclic Aromatic Hydrocarbons in the Jiulong River Estuary and Western Xiamen 
Sea, China. Environmental Pollution, 118, 109-122.  
https://doi.org/10.1016/S0269-7491(01)00208-1 

[40] Falahudin, D., Khozanah, Yeni, M.D., Rahayaan, H. and Yogaswara, D. (2013) Spa-
tial Distribution, and Potential Origins of Polycyclic Aromatic Hydrocarbons (PAHs) 
in Surface Sediments from Jakarta Bay, Indonesia. Journal of Applied Sciences in 
Environmental Sanitation, 8, 77-82. 

https://doi.org/10.4236/jep.2023.147029
https://doi.org/10.1023/A:1025673517831
https://doi.org/10.1016/j.envpol.2009.01.023
https://doi.org/10.1016/j.marpolbul.2014.02.025
https://doi.org/10.1100/2012/687034
https://doi.org/10.1016/S0304-4203(98)00087-5
https://doi.org/10.1155/2012/403615
https://doi.org/10.1016/j.marpolbul.2011.06.024
https://doi.org/10.1016/j.chemosphere.2006.10.055
https://doi.org/10.1016/j.marpolbul.2006.12.009
https://doi.org/10.1016/j.marpolbul.2011.01.023
https://doi.org/10.1016/S0269-7491(01)00208-1

	Levels and Distribution of Polycyclic Aromatic Hydrocarbons (PAHs) in Marine Sediments of Eastern Bank Wesha Peninsular, Pemba Island, Tanzania
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Study Area
	2.2. Sampling 
	2.3. Extraction 
	2.4. Clean-Up 
	2.5. The GC-ECD Analysis
	2.6. Blanks Determination and Recovery
	2.7. Analytical Quality Assurance

	3. Results and Discussion
	4. Conclusions and Recommendations
	Acknowledgements
	Declaration of Competing Interest
	References

