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Introduction

Marine waste is a global problem with long-lasting and 
serious impacts on human health and living marine resources 
[1]. It has become a major concern because of its signifi cant 
adverse effects and continued widespread to the marine and 
coastal ecosystems, with serious effects on aquatic organisms 
at both the local and global level. The use of the coastal region 
on a large scale and, increasingly, for a large number of 
activities are often done without even taking into account the 
environmental aspect and that such activities may lead to a wide 
range of problems in the coastal territory as a result of these 
human activities such as agriculture, commerce and industry  
[2]. This is alongside the negative effects of coastal pollution 
waste both from the environmental side and the economic, 
health and aesthetic view of a problem that affects all regions 
worldwide[3-5]. Most of the pollutants that come to the coastal 
areas are as a result of agricultural and industrial interior and 
tourism activities. They include land-based sources of marine 
industrial plants and manufacturing of debris with adequate 

controls, wind-blown debris, recreational use of coastal areas, 
and tourist activities [6,7]. More waste was found closer to 
population centers, including a greater proportion of consumer 
plastic items such as bottles, shopping bags and personal 
hygiene products [8], According to [9], 31.7% of the municipal 
solid debris resulted from food containers and packaging at 
about 80 million tons. These items, together with plastic bags, 
also represent the largest component of marine waste. The 
quantity of marine litter is increasing in oceans and seas world-
wide. For example, in the Central Pacifi c Gyre, the plankton 
was covered by the pieces of plastic on the ocean surface [10]. 
In Japan's coast, the mean increase of pelagic plastic particles 
fl oating becomes 10-fold every 2-3 years in the 1990s [11]. The 
commercial and industrial products are considered one of the 
main sources of marine waste because of the use of primary 
microplastics in consumer products which constitutes millions 
of small sources, often called “diffuse sources”.

The commercial or industrial use of similar products can 
be expected to constitute signifi cant point of the sources of 
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plastics [12,13]. The quantity of marine debris arrived up to 8 
million tones entering in the ocean, where 49% are produced 
in China, Indonesia, Philippines and Vietnam [14]. The coast of 
Tangier presents 11% of the total rate of marine pollution [15]. 
The quality, the quantity and the localization of seafl oor marine 
debris on the Moroccan Mediterranean Sea were studied and 
the anthropogenic activities considered as the main sources of 
marine debris [16].

Recently, several studies published to evaluate the impact 
of entanglement and ingestion of marine debris with 914 
species of marine biota [17], the accumulated density of surface 
and buried debris in two beaches in Senegal and demonstrated 
that the plastic bags and clothing plastic were the most 
abundant  [18], as well as in Bathing Beach, Qingdao, China 
[19], fragments and fi laments of plastics [20], the threat to 
costal ecosystems of non-biodegradable and biodegradable 
plastic on the vegetation by their leachates which affect the 
germination, dormancy release and early growth [21,22], on 
water quality and plant growth [23], discussed the requirement 
of standardization of marine debris studies and the lake of the 
date  of the sampling and the size of the collected debris on the 
most of published researches [24], applied a new methodology 
in the Tukad Badung river in Indonesia and the Karamana 
river in India to evaluate the transport of litter or waste from 
land to the seas and oceans by the rivers as resource of marine 
debris [25].  This study provides the current situation for 
marine debris on Tangier beach by a seasonal quantifi cation 
and classifi cation of this debris, and integrate the results of 
our works published in Oued laou, Aouchtam, Martil costals, 
Morocco to understand these variations.

Material and methods

Study area

Tangier is located in the north-western extremity of 
Morocco, on the southern border of the Gibraltar Strait, 
between parallels of '35°46' and 35°48' North and meridians 
of 5°45' and 5°49' West [26]. Tangier Port is strategically 
located between the Atlantic and the Mediterranean, the main 
Mediterranean commercial port, its busiest passenger port, 
and it is also equipped with a yacht harbor (Figure 1).

The Mediterranean port of Tangier, “Tangier-Med”, 
is considered to be the largest Mediterranean port on the 
African continent and it commenced service in July 2007. The 
original port of Tangier will be dedicated to recreational and 
cruise shipping in the near future, while ferry activities is 
programmed to be transferred to the new passenger terminal 
at the port of Tangier-Med, an industrial and logistics port 
integrated into the global trade network. With a capacity of 8 
million containers in 2016, the port is assumed to accommodate 
the latest generation of container vessels [27,28].

Field sampling

A total of 16 samples were collected during four seasons 
in the year 2015. The method of sampling is similar to our 
research conducted in Oued laou beach [29]. In each season, we 
took four (4) samples from each transect (A-B-C-D) randomly. 

There were a number of volunteers, and each one collected all 
solid wastes found at their parts and they were placed in large 
bags and titled (part, sector, number and collection date). The 
choice of the type of marine debris referred to the National 
Oceanic and Atmospheric Administration [30]. Samples of 
micro debris sediment in beach were also collected in each 
season. Every time, three samples were taken from one of the 
four transects (A-B-C-D). The area of sampling beach site was 
from the low tide shoreline, the high tide and the end of the 
beach. All samples had 12,5L of sediment volume consisting of 
sand and gravel, and were scooped using a small shovel of 50 
x 50 cm2 quadrant to a depth of approximately 5cm. Sampling 
location is determined by a portable global positioning system 
(GPS) [31] (Figure 2).

Laboratory analysis 

After the process of collection, we classifi ed all marine 
wastes found on the beach as plastic, metal, glass, paper 
processed lumber, cloth and other. Then each component 

Figure 1: Tangier beach in Morocco where samples were collected (Source: Google 
Maps).

Figure 2: Random sampling from the Tangier coast (4 samples from each transect 
/season).
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based on its class was sorted. After then, they were weighted 
and the results were inputted in a data card. The fi rst procedure 
continued with large amounts of samples contained in 
seawater because they were taken from low tide and high tide 
sites. All samples were dried in the oven for an hour at 65°C 
and by sunlight. The second procedure was sampling sieving. 
The sieve aperture size employed 4,75mm, 2,5mm, and 1,25 
mm by measuring the sizes are less than or equal to 5 mm. 
After drying and sieving the plastic samples in each size class 
of sieve, they were separated, identifi ed and classifi ed into fi ve 
types of plastic fi lm, foam, fragment, line, pellet and other. 
Then they were weighted and put in containers.

Model assessment of the degree of pollution (MADP)

The fi rst part of the statistical analysis concerns the 
descriptive results of marine debris and correlation between 
items. To fi nd out the extent of contamination of marine 
waste on the coast of Tangier, we have designed a concept 
through which we can process and represent the idea of the 
current situation of the coast Model Assessment of the Degree 
of Pollution (MADP). The model's principle is to use the 
percentage as an indicator of the extent of coastal pollution in 
the four seasons. Five elements were selected for applying the 
percentage indicator types of waste found on the coast waste 
weight, percentage of plastic waste, number of items found 
percentage of micro plastic and the percentage divided into 10 
degrees (Table 1).

Results and discussions 

The data of this study were collected in 2015 in four seasons 
(S1: January-March; S2: April-June; S3: July to September; 
S4: October to December). The area is characterized by the 
existence of six types of marine waste. The plastics are more 
abundant with 6605,6 g (60%), following by lumber and paper 
with 2167,3 g (20%), clothes and fabric with 1505 g (14%), glass 
with 345,8 g (3%), Rubber with 234,6 g (2%) and Metal with 
170 g (1%) (Figure 3). The seasonal variation shows that the 
plastic debris dominate in the four seasons followed by lumber 
and paper weight. Only in season 2, cloth and fabric amount is 
at high level (Figure 4). 

Micro waste is also present in the area in fi ve types 
distributed in three sizes 5mm, 2,5 – 4,75mm, 1-2,5 mm 
(Table 2) and several forms such as fragments with 18,75 g (37 
%) wood, plants and others 12.6 g (34 %), followed by foam 
10.21 g (18 %), fi lm 3.05 g (10 %) and line 1.64 (1%) and pellets 
0,02. The seasonal variation shows that there is a disparity at 
micro waste from the fi rst to the fourth season. The highest 
percentage of wastes is obtained in the second season, then the 
fi rst season, and a decreased quantity in the third and fourth. 
This is in addition to the fact that plastic waste was most 
present on the beach in all four seasons (Table 2).

Degree of pollution 

The rubber is positively correlated with glass and lumber/
paper (p<0.05). This correlation can be explained by their 
abundance in winter. Furthermore, clothes/fabric are positively 
correlated with lumber/paper (p<0.01). This can be explained 

by the decrease of their abundance from spring to autumn. 
However, the plastic, metal and glass are dominant in the 
summer (Tables 3,4). There are many factors which increase 
the waste percentage on the coast of Tangier. The many 
passenger shuttles between Europe and Morocco, along with 
great bulk carriers, small fi shing boats, and sailing yachts, all 
make use of the same channel of entry. A two-stage project is in 
the pipeline for turning Tangier’s port entirely to cruise-ship 
and yachting activities, after which will be the transfer of its 
passenger and merchant traffi c to the new Tangier-Med port 
(45km west of Tangier). Subsequently, four future activities are 
on the drawing board as well: cruise ships, fi shing, yachting 
and accompanying events [32].

Table 1: Methodology to calculate scores and status using MADP.

Percentage Status Abbreviation Degree

0 – 10 % Very slight VS 1

10 – 20 % Ultra very low UVL 2

20 – 30 % Very low VL 3

30 – 40 % Low L 4

40 – 50 % Almost medium AM 5

50 – 60 % Medium M 6

60 – 70 % Above medium BM 7

70 – 80 % High H 8

80 – 90 % Very high VH 9

90 – 100 % Maximum MX 10

Plstic 
60%

Metal 
1%

Glass 
3%

Rubber 
2%

Lumber
20%

Cloth
14%

Figure 3: Percentages of total amount of Macro debris collected at beach sorted 
by type in Tangier.
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Figure 4: Variations of the total amount of Macro debris in Tangier sorted by type 
and season.
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Through the calculation of the average of the fi ve factors 
that have been evaluated, the beach of Tangier is of the degree 
5, which means almost medium. Using this model, we can 
also assess the coastal pollution of marine waste on the fi rst 
two levels of the evaluation factor; for example, macro waste, 
weight and plastic waste. The second level of the season gives 
us a clear idea of the state of marine waste on the coast. In 
addition, the model can be used to compare between more than 
one coast. This is what characterizes this model of Theodore 
and Williams [33]. which were used in the study conducted on 
Martil beach [34]. focuses on plastic waste only and the source 
of its existence on the coast. The results were analyzed using a 
software package IBM SPSSv23 [35].

The abundance of all type of macro debris is maximum in 
season 1, medium in season 2 and high in season 3 and 4. The 
micro debris is of very slight portion throughout all the year. 
The weight of debris is low in season 2 and very low during the 
rest of the year. The plastic is very high in season 4 and above 
medium in Season 3 (Table 5). 

The Tangier beach is classifi ed among the most polluted 
in Morocco. The construction, the sand extraction and the 
erosion led to a strong pressure on the beaches and caused the 
disappearance of 7 beaches out of 47 beach in the past years 
in Morocco. The following beaches are considered as the main 
beaches at risk: Tangier, Tetouan, and the city, Al Hoceima, 
Kala Ayres and Nador and Sédia. Because of the bacterial 
contamination, 17% of the beaches which were surveyed 
did not correspond with sanitary standards for bathing. The 

Maritime movement is considered the most important source 
of oil pollution and hazardous vehicles. It is estimated that the 
number of vessels crossing the Strait of Gibraltar annually is 
60,000 including 2,000 vessels carrying chemicals and 5,000 
carrying oil and 12,000 gas tankers [36]. 

The results showed that the large quantities of waste 
(plastic, cloth, lumber) on the coast of Tangier were recorded 
in the second season (April - May - June) and decrease of all 
types of waste quantities in the fi rst, third and fourth season.  
It is also noted that the high percentage of plastic components 
were of plastic frag, foam plastic, plastic bottles, plastic caps. 
Thus, this result may be reasonable due to the location of the 

Table 2: Seasonal variation of micro debris in Tangier beach by season and size.

Sorting by type Season 1 Season 2 Season 3 Season 4 Total weight (g)

Film 1,9 0,05 0,3 0,8 3,05

Foam 1,1 1,167 3,1 4,85 10,217

Fragments 3,9 1,80 8,5 4,55 18,75

Line 0,1 1,190 0,3 0,05 1,64

Pellets - 0,02 - - 0,02

Other 3,6 4,6 1,4 3 12,6

Total weight of all 
categories (g)

10,5 8,827 13,6 13,25 46,277 g

Sorting by size Season 1 Season 2 Season 3 Season 4 Total weight (g)

<=5 mm 3,2 3,843 10,7 4,2 21,943

2,5 – 4,75 mm 3,4 0,235 0,8 4,05 8,485

1-2,5 mm 0,3 0,158 0,07 2 2,528

Total weight of all 
categories (g)

6,9 4,236 11,57 10,25 32,956

Table 3: Correlations among debris categories for all seasons.

Metal Glass Rubber Lumber/Paper Clothes/Fabric

Plastic 0.394 0.276 0.192 0.160 -0.116

Metal 1 0.006 -0.356 -0.024 0.243

Glass 1 0.569* 0.304 -0.204

Rubber 1 0.571* -0.151

Lumber/Paper 1 0.634**

    *Signifi cant at P-value<0.05, **Signifi cant at P-value<0.01

Table 4: Means and standard errors for the collected debris by category in each 
season.

Item Winter Spring Summer Autumn
General 
mean

Plastic 439.53±64.21a 472.43±89.90a 420.43±75.21a 290.10±99.15b 404.63

Metal 6.50±6.50a 12.00±6.98a 29.25±3.71b 15.40±7.52a 14.79

Glass 29.70±16.09a 16.00±7.83a 22.25±9.70a 20.68±13.00a 22.16

Rubber 68.65±52.49a 0b 0b 3.25±1.11b 17.98

Lumber/
paper

209.80±70.91a 163.83±103.22a 106.45±14.62a 61.50±20.41a 41.99

Clothes/
Fabric

17.50±9.35a 266.25±225.91a 149.80±87.30b 0a 108.39

Means with different lettering are signifi cantly different at least at P-value<0.01

Table 5: Classifi cation of debris according to the model (MADP).

Factor Elements Seasons 1 Seasons 2 Seasons 3 Seasons4 Mean

Existence 
all items of 

debris
6 6 4 5 5 -

Percentage 100 % 100% 60% 80% 80% -

Degree 10 10 6 8 8 8

Status - MX M H H H

Micro debris 46,37 g 10,5 8,38 13,6 13,25 -

Percentage 100 % 22,6 % 19 % 29 % 28 % -

Degree 10 3 2 3 3 3

Status - VL UVL VL VL VL

Debris weight 10991,7 g 3039 g 3684,4 g 2749,2 g 1519,3g -

Percentage 100 % 27,6 % 33,5 % 25,1 % 13,8 % -

Degree 10 3 4 3 2 3

Status - VL L VL UVL VL

Plastic debris G
1763,4g 
/3039 g

1899,7g 
/3684,4 g

1691g/ 
2749,2 g

1251,4g/
1519,1g

-

Percentage 100 % 58 % 51 % 61,5 % 82 % -

Degree 10 6 6 7 9 7

Status - M M BM VH BM

Total items 39 23 22 23 19 -

Percentage 100 % 58 % 58 % 58 % 48 % -

Degree 10 6 6 6 5 5

Status - M M M AM AM

Grand mean = 8+3+7+5+3 /5= 5
Referring to the Table (1), the value of general mean presents a degree of pollution 
= almost medium
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beach near industrial areas in the region and the existence of 
channels to discharge factory waste to the sea. However, the 
maximum of plastic waste was recorded in the fi rst season 
in Martil and the fourth season in Aouchtam (Figure 5). The 
Paper/lumber presents the maximum in the fi rst season in 
Oued Laou and Martil successively.

The natural factors such as wind, rain and waves movement 
could infl uence the presence of waste on the coastlines. Indeed, 
we found that the highest amount of marine wastes on the coast 
of Martil and Oued laou is recorded during the fi rst season in 
the middle of February (winter), where the weather is in this 
period (strong winds, heavy rain, high waves, fl oods) and the 
absence of tourist activities. The highest amount of garbage in 
the Tangier coastline was recorded during the second season in 
2015 (spring). Hence, this can be explained by the increase in 
commercial cruise ships to transport passengers and industrial 
activities during this period. The cloth/fabric presents the 
maximum in Tangier in the second season and in the fi rst 
season in Oued Laou. The metal presents the maximum in 
season 1 in Martil and in season 4 in Tangier (Figure 6).

This increase in plastic waste due to increased global 
production of plastic fi ber quadrupled since it attracted 
industries to the coastal areas to take advantage of access to 
marine and inland transportation systems, low cost, and the 
use of sea water for cooling process, or to deal with shipping 
methods. Depending directly on the environment’s marine 
raw materials and its proximity to population centers, 
heavy industry coastal sites may generate a wide range of 
environmental problems, with effects that extend to a large 

extent outside the manufacturing sites, which raises a number 
of environmental problems to the remnants of coastal heavy 
industries that have potential negative effects on coastal 
ecosystems [37,38]. The industrial zones are one of the causes 
of heavy metals and they are among the principal factors 
polluting agents of the marine environment. They could have 
two possible origins: natural origin by partial degradation of 
the rocks and the washing of mining grounds of an industrial 
origin related to the human activity  [39,40].

This is, however, attributed to the fact that persistent 
organic pollutants in the marine environment are attached to 
the surface of plastic debris. Marine litter accumulates on the 
surface of the seas and oceans and can cause the transmission 
of invasive species by water currents [41]. In addition to these, 
small plastic pieces on the surface are imbibed alongside a lot 
of heavy metals that have a toxic effect on marine organisms 
and may lead to harmful effects on humans as a result of 
moving through the food chain [42]. 

Waste and sewage discharges are of greatest concern 
in coastal regions and can result in greater adverse impacts 
from the accumulation of waste material. The effects of excess 
of nutrients and other substances, such as human wastes 
from sewage, include oxygen depletion of coastal waters and 
dramatic reductions in the biodiversity of sea-life communities 
in affected environments [43]. 

Conclusions

The commercial activity in the port of Tangier as well 
as its construction is the main source of marine debris in 
the Tangier beach. The plastic dominates in the beach at all 
seasons, especially in winter and summer, which is explained 
by the tourism in the city of Tangier. Most debris that was 
surveyed had a high status and presented a major risk on the 
beach and the aquatic fauna. Means of letters are signifi cantly 
different by season as the distribution depends on the activity 
on the port of Tangier.  Comparing the results obtained at the 
Tangier site with the other sites studied in northwest Morocco 
(Oued laou-Aouchtam-Martil) may not give an explanation of 
the differences for the macro debris and their variations on 
the four seasons due to the difference in sources responsible 
for their presence on the shores of the study area. Thus, the 
plans in preventing accidental marine pollution do not include 
a strategy for marine letter as well as the implementation of 
the ISO 14001 standard in the port of Tangier.
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