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ABSTRACT  

 The study aims to evaluate the quali-

quantitative profile of solid waste on three 

beaches with distinct characteristics of use 

located on the island of Itamaracá, Brazil. In 

each beach, area was randomly determined 

with three samples taken from each. After 

the locations were chosen, first, they were 

cleaned up and all waste was collected. This 

waste was quantified, weighed, and 

classified, according to the type of material 

and probable use. The total number of 

collected items was 1320: 1206 (91.4%) 

plastic and 114 (8.6%) other types of 

material. This is waste related to beach 

activities, mostly recreational, representing 

40% of the waste in the samples, 

demonstrating that the amount of solid 

waste is directly linked to the flow of users. 

In other words, the higher the number of 

users, the greater is the improper disposal of 

waste. The results demonstrate the need for 

more environmental education programs.  

Key Word: Pollutant Source, Environmental Characterization and Marine Pollution. 

RESUMO 

 O estudo tem como objetivo avaliar o 

perfil quali-quantitativa dos resíduos sólidos 

em três praias com características distintas 

de uso localizado na ilha de Itamaracá, 

Brasil. Em cada área de praia foi 

determinada aleatoriamente com três 

amostras colhidas em cada. Depois que os 

locais foram escolhidos, primeiro eles foram 

limpos e todos os resíduos foram recolhidos. 

Este resíduo foi quantificado, pesados e 

classificados de acordo com o tipo de 

material e à utilização provável. O número 

total de itens coletados foi 1320: 1.206 

(91,4%) de plástico e 114 (8,6%) outros 

tipos de material. Esse resíduo foi 

relacionado com atividades na praia, 

principalmente de lazer, o que representa 

40% dos resíduos nas amostras, o que 

demonstra que a quantidade de resíduos 

sólidos está diretamente ligado ao fluxo de 

usuários. Em outras palavras, quanto maior 

for o número de utilizadores, o maior é a 

eliminação inadequada de resíduos. Os 

resultados demonstram a necessidade de 

programas de educação ambiental mais.  

Palavras chave: Fonte Poluidora, Caracterização Ambiental e Poluição Marinha. 

INTRODUCTION 

Solid waste from human activities, in recent decades, are among the greatest 

environmental problems and have only begun to be taken seriously by society (DEMAJOROVIC 

1996). The inappropriate disposal of these wastes contributes to increased pollution in the 

terrestrial and aquatic environments of the entire planet; the oceans, however, which cover 

two-thirds of the earth’s surface, are the most affected (ARAÚJO, COSTA 2003).  

The oceans are suffering from the great input of solid waste, which harms marine biota. 

This is happening because many people still believe, erroneously, that these environments have 

a capacity to support and assimilate waste (ARAÚJO, COSTA 2003). 

According to United Nations Convention on the Law of the Sea, pollution of the marine 

environment is defined thusly: 'pollution of the marine environment' means the introduction by 

man, directly or indirectly, of substances or energy into the marine environment, including 
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estuaries. which results or is likely to result in such deleterious effects as harm to living 

resources and marine life, hazards to human health, hindrance to marine activities, including 

fishing and other legitimate uses of the sea, impairment of quality for use of sea water and 

reduction of amenities’ (AMLG 2013). 

Pollution of beaches, by solid waste, is damaging to the aesthetic and the local tourism 

potential, as waste adversely affects the quality of waters, causing health risks to the users and 

causing harmful effects to marine biota (SANTOS et al. 2004; DIAS FILHO et al. 2011). The 

control of marine pollution, in coastal zones, is linked to environmental management, because 

the society's participation is very important. The UN Montego Bay convention placed 

responsibility for this on all, including civil society (subjective responsibility) (MARTINS 2008). 

The issue of solid waste on the beaches has its origins linked to anthropogenic activities 

such as: tourism, recreation, fishery and things discarded from boats. The length of how long 

this waste remains in the beach areas can be evidenced from the zones in which it can be 

found: The Sublittoral and Intertidal zones have recent waste deposits (approximately one 

day); and the Supralittoral zone, waste that has been there for longer than a day (OLIVEIRA 

TESSLER, TURRA 2011).  

Based on CARVALHO-SOUZA & TINÔCO (2011) the solid waste in coastal areas can be 

categorized into: Waste left by bathers – typically consists of food packaging, remains of 

clothing and remains of recreational materials. Terrestrial waste – material disposed from 

estuaries and beaches in industrial and urban areas. Maritime waste - from the fishing industry 

and navigation along the continental shelf, including waste from oil prospecting. Oceanic waste 

- transported from sources beyond the continental shelf. 

Solid waste can be classified according to the source material (plastic, wood, metal, glass 

and paper) (CARVALHO-SOUZA, TINÔCO 2011) and source (recreation, fishing, personal habits, 

among others) (SANTANA-NETO et al. 2011). In recent studies, plastic is the raw material that 

dominates the composition of solid waste, representing about 50% (ARAÚJO, COSTA 2003; 

MASCARENHAS et al. 2008; NEVES et al. 2011; BRUNO, SANTOS 2011; DIAS-FILHO et al. 

2011). 

Wastes derived from petroleum (plastic, rubber, nylon, polystyrene) are the materials that 

predominate in marine environment. Of the 10 million tons of solid waste disposed in the sea 

per year, 10% of this total is made up of plastic. These derivatives have become a major 

concern in terms of pollution at sea, because plastics float, thus dispersing widely, they are 

insoluble, and degrade very slowly (SANTOS 2006). 

Contamination by solid waste on the beaches of Itamaracá Island, on the northern coast of 

Pernambuco, mainly occurs during periods of peak tourist season. This waste is located along 

the high line tide, because the discarded trash in the sand, if not collected immediately, is 

washed away along around the coastline, contaminating and re-contaminating the beaches on 

its way (ANTIA 1993). It is for this reason that a preliminary characterization of the solid waste 

found on beaches serves as a tool for determining the potential risks in a place. These 

characteristics include size (RIBIC et al. 1992), the composition of the waste (DIXON, DIXON 

1983), and polluting source (CLAEREBOUDT 2004; REES, POND 1995). From this information, 

program measures can be elaborated favoring a new approach on this issue and measures can 

be sought, which may stop or minimize these problems. 

Considering this, the present study has as its characterizing goals to classify and relate the 

solid waste to its respective human activities, on the beaches of the island of Itamaracá, located 

on the northern coastal region of the state of Pernambuco in the Northeast of Brazil. 

STUDY AREA/ÁREA ESTUDADA  

The coast of Pernambuco State extends for 187 km, spanning fifteen municipalities, 

among these, the Island of Itamaracá which is located on the northern coast of Pernambuco 

(Figure 1) between the parallel 07° 41’ and 07° 49’ latitude South; 034° 49’ and 034° 54’ 

longitude west, 50 km from the state capital (Recife). This municipality is separated from the 

mainland by the Santa Cruz channel. The limits of the areas surveyed were: to the north by the 
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Catuama Bar (Goiana city), to the south by the Orange Bar (Igarassu city), to the west by the 

town of Itapissuma and east by the Atlantic Ocean (Leitão et al. 2007). The beaches north of 

Itamaracá (Sossego and Pontal da Ilha) receive terrigenous sediments from the Jaguaribe 

River, while the beaches south of Itamaracá (Forte Orange and São Paulo) receive sediment 

from the southern channel of the Santa Cruz Channel (at the Orange Bar) (ALMEIDA, MANSO 

2011). The most urbananized beaches of Itamaracá (Pilar and Jaguaribe) receive no sediment 

input since no river flows near these beaches. The Itamaracá island beaches also feature 

carbonate in the sediment, coming from reefs found parallel to the beach line (Figure 2) 

(ALMEIDA, MANSO 2011). The terrigenous sediments are also distributed along the beaches by 

winds, that in Itamaracá island have two main directions throughout the year: one in the rainy 

season (March – August) with predominance of south-eastern wind; and other in the dry season 

(September - February) with predominance of northeast wind. In December, however, when the 

temperature is the warmest of the year, the winds are easterly (ALMEIDA, MANSO 2011). The 

beaches have low waves (0.4 m) characterizing the beaches of Itamaracá as dissipative 

(SUHAYDA et al., 1977) and the slope of the beaches is slightly accentuated. 

 

Figure 1 - Map of Itamaracá highlighting the 

studied beaches: Sossego; Jaguaribe and São 

Paulo, adapted from CUNHA et al. (2012). 

 

 

Figure 2 - Disposition of morphodynamic elements along a beach profile. 
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MATERIAL AND METHODS 

 The beaches Jaguaribe, São Paulo and Sossego were chosen for their distinct 

characteristics (Table 1).  

Table 1 - Characteristics and factors anthropogenic used to separate of the areas studied, 

adapted DIAS-FILHO et al., 2011. 

 

We adapted the methodology of PORTZ, MANZOLLI, SUL (2011) for field sampling. On 

three weekends in January and February, in the summer of 2013, the period with the highest 

concentration of people, samples of solid waste were taken from the three beaches mentioned 

above on Itamaracá island (Jaguaribe, São Paulo and Sossego). 

 On each beach, samples were taken from a total of 2250 m² before the high tide line, and 

1125 m² after. The transects were demarcated with a manual GPS, demarcating the sampling 

fields so that the collections were always made in the same areas, corresponding to 25 m long 

and 10 m wide, with the high tide line at the center. The high tide line of the previous day was 

always used, a procedure that was repeated in all collections. The studies were held on 

weekends, with the Saturdays (26 January, 02 and 09 February) used for cleaning of the entire 

predetermined demarcated area (Figure 2). 

 The following day, starting from the marked point, we measured the length and width of 

each section, staked it out and cordoned it off with ropes until the collection was finished. Using 

gloves and 50 L biodegradable plastic bags, we collected all solid waste found in the sections for 

further screening, ignoring the solid waste of natural origin (leaf, twigs and mangrove plants, 

fish and fish pieces). After sorting, the items were classified according to source material 

(plastic, metal, wood, paper and glass) and possible pollution sources. 

RESULTS 

Solid wastes were divided into five categories (recreational on the beach, fishing, smoking, 

toiletries and not identified) according to the habits of the people who frequent the beachs. The 

category with the highest percentage of items, item as per meter respectively (Figure 4), was 

the activity we named recreation on the beach (52.43% and 9.56), followed by activity not 

identified (25.92% and 4.45), fishing (11.59% and 1.72), smoking (9.06% and 1.70) and 

toiletries (1.16% and 0.17). 
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Figure 4 - Polluting activity, Number of items per meter (item*m-1), for all three studies on 

the beaches of Jaguaribe, São Paulo and Sossego. 

 Among the items found related to the recreational activities on the beach (Table 2), the 

greatest item was “Plastic cup” (19.33; 32; 6.33) on the three beaches, followed by “Plastic 

packaging” (20.67; 20.33; 5.33) and “Plastic bag” (19; 20.33; 4.33). The items that had the 

lowest numbers were “Pen” (0; 0; 0.33) and “Pot of sunscreen” (0.33; 0; 0). All these solid 

wastes were from users who visited the supralittoral zone of the beach, at some point of the 

day, usually as a family, for a moment of leisure, concerned with their own comfort and not 

interested or unaware of proper care to dispose their waste in the very few suitable sites 

available. 

Table 2 - Categories-Activity, number of items per meter per activity and their respective 

abundances and averages in the respective beaches sampled. 
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 Figure 5 shows that the distribution pattern of waste classified in the recreation on the 

beach category followed the same pattern as observed for the overall number of data items, 

especially on the beach of São Paulo which had the highest number of items collected pertaining 

to this activity. From this  

 Figure 5, it appears that the highest average value was obtained in the third collection on 

the beach of São Paulo (2.65 item*m-¹) and the lowest mean value was obtained on the beach 

at Sossego beach in two of the collections (0.27 item*m-¹). It was also observed that the 

Sossego beach had the lowest mean value of waste compared to the other two beaches for all 

three collections made during this period. 

 

 

 

Figure 5 -  Number of items per meter (items * m-1) for recreation on the beach, in the 

surveys conducted on the beaches of Jaguaribe, São Paulo and Sossego. 

 The other categories and their respective activities observed along the beaches sampled 

showed no representative number of items compared with data from recreational on the beach, 

except for the category of unidentified activities. Among the activities related (Table 3), the 

item that presented the highest mean was “plastic fragment” with 25.33 items obtained on 

beach São Paulo, followed by Styrofoam with 22.67 pieces found on the beach at Jaguaribe 

beach, both belonging to unidentified materials. Another item was found in abundance was 

cigarette butts, with 21 items found, pertaining to smoking, and “rope” with 18 fragments 

belonging to the fishing activity, found on the beach at Jaguaribe (Table 3). 
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Table 3 - Categories-Activity, number of items per meter per activity and their respective 

numbers and averages for each beach. 

 

The collection that had the highest average number of items per meter on the sampled 

beaches was the third at Jaguaribe beach with 0.40 item*m-¹, followed by the the third 

collection at the São Paulo beach with 0.37 item*m-¹ and first collection with 0.35 item*m-¹ on 

the Sossego beach (Figure 6). 

 

 

Figure 6 - The number of item*m-1 per beach found in the collections conducted on the 

beaches Jaguaribe, São Paulo and Sossego. 

DISCUSSION 

This study revealed a worrying situation concerning the northern coast of Pernambuco. 

This is evident from the small size of most of the pieces of solid waste discarded by many users, 

consciously or unconsciously, and who who were not concerned about disposing of their waste 

properly, making it difficult to clean the area. This behavior can be seen on all the beaches 
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along the northeast coast, and probably the whole of the Brazilian coast. Given that, the local 

authorities do not clean every beach, only those most visited by tourists. This poses a risk to 

beach visitors. For example, we found glass and metal remains, which can cause small and 

medium injuries. Moreover, we found materials that can convey hazardous and infectious 

diseases (AIDS, hepatitis, etc.) for example, personal hygiene materials found loose along the 

beaches studied. 

 Among the most representative materials, cigarette butts were classified within the 

plastic category SOARES et al. (2007). The highest percentage was up to 10% of the waste 

collected, which was also found by CALDAS (2007). This item can contribute significantly to 

increasing the level of contamination of beaches, on days with a high concentration of people. 

In addition, this item can be easily carried by the wind and camouflaged in the sand, making 

manual pickup difficult and accumulating in the sand, over the years.  

 A very common item on the beaches are aluminum cans, serving as containers for 

beverages that are widely appreciated in this type of environment and leisure time. Despite 

this, as can be seen in Table 3, few cans were found. This is because the market for aluminum 

recycling in Brazil is one of the largest in the world (SCARLATO, PONTIN 1992), carried out 

efficiently by autonomous collectors. According to the State Plan for Solid Waste Pernambuco, 

Itamaracá Island has 65 collectors, enough to collect most of the improperly disposed used 

cans. 

 The largest number of items was observed in the third collection from the three 

beaches studied, a result of a higher number of people using these beaches, as well as all the 

other beaches of the municipality since the collection coincided with the carnival season when 

the number of people using the beaches of Itamaracá Island increases, which corresponds to 

the increase of solid waste found on these beaches. Another aggravating factor in the increase 

of solid waste on the beaches, also observed by OLIVEIRA (2008), is the activity related to 

recreational fishing, which increases on weekends, thereby contributing to a greater 

accumulation of waste along the waterfront, not to mention the risk to visitors, since rusty 

fishhooks can contaminate people with dangerous diseases like tetanus. Furthermore, lines, 

nets and plastic bags used by weekend fishermen take a long time to degrade in the 

environment. This material may arrest, maim, intoxicate and kill the wildlife live in these 

environments, given that among the leisure activities observed along the waterfront, amateur 

sport fishing is still widely practiced. 

CONCLUSION  

The study showed that the amount of solid waste is directly linked to the number of users 

on the beaches of Itamaracá Island. In the period when there were more people (Carnival 

time), there was an increase in number of items collected from the sampled beaches. The major 

sources of waste identified from the three presented the following sequence: beach recreational 

activities, then unidentified activities, followed by fishing, smoking and toiletries. This shows 

that users do not care for their own recreation areas on weekends, and more problematical, can 

acquire infectious disease. The results show the need for emergency measures, preventative 

actions, planned between government and society, with the purpose of reducing the 

inappropriate disposal of solid waste on beaches. This can be done by collecting garbage along 

the entire coast of Itamaracá Island, especially before the weekends, adjusted according to the 

need of the locality, and the placement of bins along the coast and proper disposal of solid 

waste amenable for recycling. Finally, continuing environmental education programs need to be 

established, together with society, to increase awareness of responsibility for the generation of 

waste, as has been done for the urban beaches of the state capital. 
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