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Abstract
Nowadays, the increase in microplastic 

pollution has become a global problem. The 
food chain can be polluted by the presence 
of microplastics in macroalgae. To measure 
the presence and amount of microplastics 
in macroalgae and water, sampling was 
performed from the rocky shores of Bushehr 
province during the winter season of 2021 
and summer season of 2022 from four 
stations of Jofreh, Rishehr, Bojikdan, and 
Halileh. The result indicates the presence 
of microplastics in the macroalgae and 
the water, which were separated using a 
stereomicroscope. The microplastics were 
analyzed by FTIR-ATR device to determine 
the type of microplastic. The dominant 
species of the sampling stations were 
macroalgae Sargassum sp. 
Although, according to the results, the 
microplastic pollution in macroalgae 
samples was higher in the summer than 
in winter, the microplastic pollution in the 
water was more in the winter season. The 
average abundance of microplastics was 
calculated as 173 ± 96.96 and 116.75 ± 
63.36 microplastics/kg in the summer and 
winter seasons, respectively. Jofreh and 
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Halileh stations, with a mean frequency of 
225 ± 50.48 and 23 ± 5.69 microplastics/kg, 
were the most polluted and clean stations, 
respectively. The sphere form of the 
microplastic fragments was more frequent 
after the fiber type. The results of the FTIR-
ATR analysis showed that the microplastic 
polymers in Sargassum sp. and water were 
polyamide (nylon)˃ polystyrene˃ polyvinyl 
chloride,  respectively. Since the main 
activities that pollute the beaches of Bushehr 
province are fishing, shipping, tourism, etc., 
and they are more in the summer. So it can 
be seen as evidence for the results of this 
study.

Keywords: Microplastic, Marine Pollution, 
Macroalgae, Bushehr Province, Sargassum 
sp.

Introduction
Due to the expansion of plastic production 

techniques with high volume and low price 
following the invention of the first modern 
plastic in 1907, the production speed of 
plastic products has increased, and they are 
mass-produced (Cole et al., 2011). Today, it 
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is impossible to imagine life without plastics 
and often used in various applications such 
as food and beverage packaging, drugs, 
cosmetics, detergents, chemicals, medicine, 
electronics, construction, automobiles, 
and aircraft parts (Kumar et al. al, 2020; 
Galgani et al., 2010). Plastic pieces smaller 
than 5 mm are called microplastics. Plastics 
that are produced in microscopic size are 
known as primary microplastics. These 
plastics are commonly used in facial 
cleansers and cosmetics (Zitko and Hanlon, 
1991). Secondary microplastics describe 
small plastic fragments obtained from the 
breakdown of larger plastic residues, in the 
sea, and on land (Ryan et al., 2009). Coastal 
zones, around industrial units and harbors, 
have the highest abundance of microplastic 
fragments (Claessens et al., 2011; Desforges 
et al., 2014). Sources that directly introduce 
plastic into the marine environment include 
coastal tourism, marine fleets, recreational 
and commercial fishing, and marine 
industries e.g. oil and gas platforms, fish 
farming can pose a risk to both plants and 
animals (Thompson et al., 2009).
Plastics harm communities and their 
economies, as well as aquatic ecosystems. 
Also, there are concerns about human 
health and the impact of microplastics on 
organisms and their risks and side effects. 
Microplastic accumulation in marine 
macrophytes, such as macroalgae and 
seagrasses, is a potentially critical pathway 
that has been neglected. One of the ways 
how microplastics enter the marine food 
web is through macroalgae (Saeb Mehr et 

al., 2016). Previous research shows that 
microplastics are ingested by various marine 
organisms, from zooplankton to fish (Saeb 
Mehr et al., 2016). This phenomenon causes 
inhibition of growth, shorter life span, and 
reproductive capacity in these organisms. 
Fishes and crustaceans are the most studied 
groups, but studies on other organisms are 
much fewer. Microplastics also hurt the 
growth and psummerosynthesis of algae 
(Zhang et al., 2017). it has been stated that 
sometimes marine organisms mistake plastic 
waste for bait, and this causes plastics to 
enter the food chain (Cole et al., 2011).
Bushehr province, despite having more than 
625 km of the coastal strip and proximity 
to sensitive coastal and marine areas and 
habitats such as coral reefs, mangrove forests, 
and estuaries, due to the establishment of 
economic and industrial centers of marine 
origin in its coasts and marine areas, it has 
always faced serious environmental risks. 
Oil and gas facilities located onshore and 
offshore, sources and facilities of thermal 
power plants located on land that cause 
severe thermal changes, agricultural and 
aquaculture activities, shipping, marine 
accidents, and urban sewage are one of the 
major causes of pollution and threats to the 
biodiversity of these beaches (Heidari et al., 
2013).
Kurd and Naji (2018), intended to investigate 
the contamination of microplastics in 5 species 
of dominant fish in Chabahar Bay (Sistan 
and Baluchistan Province). They concluded 
that all fish sampled from Chabahar Bay 
contained microplastics. Naji and Esmaili 
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(2015) investigate the microplastic pollution 
in the coastal sediments of the tidal areas of 
Hormozgan province. They concluded that 
the highest frequency of microplastics was 
in the stations near the industrial zones, and 
the lowest microplastics were in the stations 
less influenced by human factors. Feng et 
al. (2020) have suggested that microplastics 
absorbed by edible macroalgae may be 
transferred to humans leading to a high 
potential risk to human health. Jiang et 
al. (2020) revealed the characteristics of 
microplastics in the surface waters of the 
South Yellow Sea under the influence of 
season. They concluded that the abundance 
of microplastics, especially in small sizes, 
was positively correlated with seawater 
salinity. These results show that microplastic 
pollution in the surface waters of the South 
Yellow Sea varies with different seasons due 
to differences in land resources and marine 
hydrological dynamics.
Considering the high biological capacities 
of Bushehr province as well as its many 

pollution sources, it is necessary to 
research their relationship. This study aims 
to investigate the relationship between 
microplastics in macroalgae and water as 
well as identify the polymers that make up 
microplastics trapped by Sargassum sp.

Materials and methods
Study Area 

Bushehr province is located in the south 
of Iran and on the edge of the Persian Gulf. 
Algae have always existed on the rocky 
shores of this province as a stable ecosystem 
for many years (Saeb Mehr et al., 2016). After 
the investigations carried out along the rocky 
coasts of Bushehr province, four stations 
named Jofreh, Rishehr, Halileh village, 
and Bojikdan were selected as sampling 
stations, and their location was recorded by 
GPS (CX120)  . The geographical location 
of these stations can be seen in Figure 1 and 
Table 1. The selection of stations was based 
on the number of human activities, incoming 
effluents, and the presence of algal species. 
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Physicochemical factors 
Environmental factors such as temperature, 
salinity, pH, and electrical conductivity of 
water were measured by a Hach multimeter. 
The measurement results in the two winter 
and summer seasons are shown in Tables 
2 and 3. These factors are measured to 
understand the changes and relationship 
between environmental factors and 
microplastics in both seasons. 
macroalgae and water sampling
Sampling was done during the winter and 
warm seasons from November 2021 to June 
2022 from four stations in the studied area. 
Among the algae observed, the macroalgae 
Sargassum sp. of different sizes and healthy 
appear in tidal areas, and during the full tide, 
were manually sampled. Then samples were 
carefully placed in aluminum foil, and the 
station specifications and sample code were 
specified. Samples were transferred to the 
laboratory in a flask filled with ice (Feng 
et al., 2020). Water samples were taken at 
a distance of 10 meters from the coast of 
each station in the amount of two numbers 
of 5 L barrels from the coastal waters and 
transferred to the marine biology laboratory 
of Khorramshahr University of Marine 
Sciences and Technologies for filtration 
inside the glacier containing ice.
Identification of macroalgae and 
microplastics in the laboratory
In the laboratory, macroalgae samples 
were identified using a stereomicroscope 
(Olympus SZ40) and using an Olympus 
TL2 microscope, as well as using an algae 
identification key )Baldock et al., 2009; 

Bast et al., 2014 Shams et al., 2013). Then, 
the microplastics in the macroalgae were 
transferred to the Petri dishes of each 
sample using forceps. After checking the 
appearance of microplastics, they were 
psummerographed (figure 2-b,c,d). Also, 
10 liters of water were collected from each 
station and transported to the laboratory. 
In the laboratory, using Gff (glass fiber 
filter) filter paper, the microplastics in the 
water sample were separated from the 
water (Prata et al., 2018). The microplastic 
samples in filter paper were observed and 
psummerographed by stereomicroscope and 
microscope. Both types of microplastics 
found in macroalgae and water were 
transferred to the laboratory of Amirkabir 
University (Tehran, Iran) to measure organic 
and polymeric compounds and determine 
functional groups in microplastics and were 
measured by FTIR infrared spectrometer.
Statistical methods 
To investigate the presence or absence 
of significant differences between 
physicochemical factors and the abundance 
of microplastics in macroalgae samples, 
ANOVA statistical method and Pearson 
coefficient were used in SPSS ver. 22, and 
Excel 2010 was used to draw the graphs.

Results
Physicochemical factors 

The results related to the physicochemical 
factors of the water of each of the studied 
stations in the two winter and summer seasons 
are given in tables 2 and 3, respectively. The 
water temperature ranges from 21.9 degrees 
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to 23.7 degrees Celsius in the winter season 
and 29.1 degrees to 30.5 degrees Celsius in 
the summer season. In winter and summer 
seasons, the range of water salinity changes 
between 38.6 to 39.7 and 39.1 to 41.2 ppt, 
the water acidity from 8.06 to 8.11 and 8.06 
to 8.22 ppt, respectively. Moreover, the 
electrical conductivity of water is between 
51.6 to 53.3 and 52.1 to 54.6 mS/cm.
Microplastics in macroalgae 
The results showed that the dominant species 
of the study area is Sargassum sp. (Figure 
2a). It also showed that microplastics were 
found in this species in all stations (Figure 
2b, c, d).
The abundance of microplastics found in 
macroalgae Sargassum sp. is shown for 4 
stations in the two seasons (Figure 3). Jofreh 
station has the highest amount of microplastic 
pollution with an average frequency of 
180 ± 10.14 microplastics/kg in the winter 

season and 270 ± 9.84 microplastics/kg in 
the summer season (Figure 3). Also, Halileh 
station, which had the lowest amount of 
microplastic contamination, 19 ± 3.46 
and 27 ± 4.58 microplastics/kg in winter 
and summer seasons, respectively, was 
considered as a control station. According 
to the graph of abundance in summer and 
winter, the average of microplastic trapped in 
the summer is 173 ± 96.96 microplastics/kg, 
which is more compared to the winter with 
an average of 116.75 ± 63 microplastics/kg 
of macroalgae (Figure 3). 
The examined microplastics have different 
shapes including the film, piece, bullet, and 
fiber shape, which can be seen in Figure 4 
in terms of abundance percentage. Fiber-
shaped microplastics with 71% and film-
shaped with 5% had the highest and lowest 
form of microplastics, respectively. 
Also, the abundance percentage of each 
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microplastic form in the macroalgae 
Sargassum sp. can be seen at different 
stations in Figure 5. 
Forms and abundance of microplastics in 
water
Microplastics were also observed in 
filtered water (Figure 6). The abundance of 
microplastics in water is also listed in Table 
4. The highest amount of microplastics 
in water was determined in both seasons 
at Jofreh station. Also, the frequency of 
microplastics in the winter was higher than 
in the summer (Table 4).
Identification of types of polymers 
The results of FTIR-ATR analysis showed 

that the most abundant polymers found in 
microplastics are polyamide (PA) or nylon, 
polystyrene (PS), and polyvinyl chloride 
(PVC) (Tables 5 and 6). According to Table 
5, polyamide polymer (nylon) was found 
in the macroalgae samples of all stations, 
followed by polystyrene polymer, which was 
the predominant percentage of macroalgae 
contamination. Also, according to Table 6, 
most polymers are polystyrene type, but the 
information in this Table cannot be expanded 
due to the low abundance of microplastics 
found in water samples.
The spectrum diagram can be seen in Figures 
7, 8, and 9. The output spectrum of the FTIR 
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results, the correlation between salinity 
and temperature factors with microplastics 
was not significan. The one-way ANOVA 
statistical test showed a significant difference 
in the abundance of microplastics in the 
stations in both seasons.

Discussion
The area investigated in this research 

is the shores of Bushehr province, which 
includes industrial and fishing wharves. 
By their nature, they can be a source of 
pollution in the environment. The presence 

device, which belongs to the microplastics in 
the Sargassum sp. sample, is shown in Figure 
7. The peaks can be seen at the wavelengths 
of 3294.82, 2934.67, 1636.65, and 1534.51 
cm-1, and the resulting spectrum is similar 
to the standard polyamide (nylon). Figure 
8 also shows a similar spectrum of another 
type of microplastic found in macroalgae 
Sargassum sp. and the polyvinyl chloride 
polymer. 
Correlation between physicochemical and 
microplastic factors 
According to Pearson’s statistical test 
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waste and the transfer of untreated sewage 
to the sea. Rishehr station is near urban 
residential areas with a lower population 
concentration than Jofreh, the swimming 
area, and the surface water inlet, hand as 
an average of 143.5 ± 25.82 microplastics/
kg of macroalgae. Finally, Halileh station 
is located in the vicinity of rural residential 
areas, a local fishing pier, and a coastal park 
outside the city, and due to the small scale of 
the fishing industry in this place compared 
to other fishing piers, with an average of 23 
± 5.69 microplastics/kg of macroalgae. It is 
the cleanest station and witness station. 
According to the results of the one-way 
ANOVA statistical test (Table 7), there is a 
significant difference in the abundance of 
microplastics in the stations in both seasons. 
The reason for this can be seen from what 
was said about the type and amount of 
pollution sources at each station. (P˂ 0.05). 
By comparing the abundance of microplastics 
in macroalgae in both seasons, it can be 
seen that the entrapment of microplastics in 
macroalgae was more in the summer. The 
reason for this can be seen as the decrease 
in the viscosity of seawater due to heat and 
as a result, the reduction in the buoyancy 
of microplastics in water. Also, the onset 
of heat and fishing activity does not affect 
this difference. Other reasons include the 
high tourism capacity of Bushehr province 
in April and May and the increase in the 
amount of plastic waste entering the sea. 
The results showed that about 71% of the 
found microplastics are fibers, 13% are 
spherical, 11% are multifaceted, and 5% 

of microplastics, plastic particles smaller 
than 5 mm in marine environments, has 
caused a growing global concern due to 
their low weight, long shelf life, and risk to 
related marine communities. Considering 
the importance of microplastic pollution, 
monitoring the release of plastics by the 
tourism and fishing beaches of Chabahar 
Bay can be proposed as a topic for future 
studies. Pollution of the marine environment 
is a global phenomenon, and plastics are one 
type of pollutant introduced by humans into 
aquatic ecosystems, especially in the sea 
environment (Naji et al., 2017). Sea-based 
resources such as shipping, transportation 
activities, fishing, and land-based resources 
such as factories and industries adjacent to 
the sea and tourism, introduce plastics into 
the sea and ocean. 
According to the results of measuring the 
abundance of microplastics in macroalgae 
Sargassum sp. in both seasons (Figure 3), 
Jofreh station, which is near urban residential 
areas, surface water inlets, urban sewage, 
fishing, and recreational piers, as well as 
coastal parks, has the highest abundance of 
microplastics in two seasons, on average 
225 ± 50.48 microplastics/kg of macroalgae. 
After Jofreh, Bojikdan station has the highest 
level of microplastic pollution, 188 ± 48.01 
microplastics/kg of macroalgae. Bojikdan 
station is in the vicinity of the coastal 
village, which seems today development 
in the tourism industry, the creation of eco-
tours and residences, as well as the lack 
of proper waste management and proper 
culture, has caused the disposal of plastic 
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summer season (Kooi et al., 2017).
The results of the polymer analysis of 
microplastics showed that the polyamide 
polymer (nylon) was found in macroalgae 
Sargassum sp. Polystyrene and polyvinyl 
chloride were the most abundant in 
macroalgae and water samples. Nylon is 
used as raw material in manufacturing fishing 
nets and ropes, clothing, plastic fibers, 
electrical insulation, consumer or industrial 
goods, electronic industries, etc. (Deopura 
et al., 2008). Polystyrene is mainly used in 
disposable containers, sports equipment, 
toys, winter insulation (Styrofoam), and the 
packaging of goods. (Marsh and Bugusu, 
2007). Polyvinyl chloride is also used in 
making all kinds of pipes, construction 
works, etc. (Titow, 2012). 
Based on the results (Tables 5 and 6), 
polyamide polymer (nylon) is the most 
abundant in macroalgae and water in the 
Jofreh station. Residents of the areas around 
Jofreh station have many fishing activities. 
Therefore, amounts of fishing nets and ropes 
can be placed on macroalgae and water 
surfaces in the form of microplastics.
Considering the fishing activity and the 
entry of rural and urban residential sewage 
sampling stations, the presence of nylon 
polymer is probable. 
Also, the results of Table 5 showed that 
polyvinyl chloride is more in the macroalgae 
of the Jofreh station than in other stations. One 
of the justifications for the increase of this 
polymer can be mentioned in the increasing 
urban constructions and residential areas in 
the Jofreh region. Also, according to Table 

are in the form of films (Figure 4). The 
origin of fibrous and stringy microplastics 
can be from nets, ropes, and threads used 
in fishing (Jang et al., 2014) or clothing 
made from plastic fibers (Frias et al., 2016). 
Based on the studies, it has been shown that 
stringy microplastics are often produced in 
urban areas, and spherical and polyhedral 
microplastics are produced more often in 
industrial areas (Abbasi et al., 2019). Also, 
considering that one of the critical industries 
of the shores of the study area of Bushehr 
province is fishing, it seems that fishing 
nets containing plastic fibers are one of the 
sources of increasing microplastics in the 
region.
The amounts of microplastics found in 
the water of the study area in both seasons 
were insignificant. The results showed that 
more microplastics were found in surface 
water in the winter than in the summer, 
with 75 ± 50 microplastics/m3 of water in 
the winter season and 25 ± 50 microplastics/
m3 of water in the summer season (Table 
4). The main reason is that viscosity has 
an inverse relationship with microplastic 
sedimentation. Due to the low temperature 
in the winter season, the viscosity is high 
which increases microplastic sedimentation, 
and more microplastics can float on the water. 
But in the summer season, this situation is 
reversed, the increase in temperature reduces 
the intermolecular force of water particles, 
and the viscosity reduction may result in 
microplastic sedimentation increases, and 
this is the reason why fewer microplastic 
particles are seen in surface water in the 
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6, this type of polymer was not found in 
water samples. According to Tables 5 and 6, 
polystyrene polymer was the most abundant 
in macroalgae and water samples in Jofreh 
station due to the increase in plastic wastes 
such as disposable containers, toys,  tourism, 
and water activities. 
Few studies have been done regarding the 
investigation of microplastics in macroalgae 
(Table 8). In the present study, the amount 
of microplastic pollution in the macroalgae 
Sargassum sp., on average, is 145 pieces per 
kilogram. Feng et al. conducted research 
on several species of macroalgae in 2020, 
in the Yellow Sea region, Haizhou Bay. 
Their results showed that Ulva prolifera 
had the highest microplastic contamination 
of 190 pieces/kilogram. U. pertusa also had 
the lowest amount of contamination with 
microplastic contamination of 60 pieces/
kg. Also, Feng and his colleagues conducted 
another study in 2020 in the Yellow Sea, as 
a result of which microplastic contamination 
of 660 pieces/kilogram of U. prolifera 
macroalgae was recorded. According to the 

research conducted in this study, the amount 
of microplastic found shows a lower level of 
pollution in Bushehr province. The reason 
for this can be seen as less connection with 
open waters, fewer industries and sources of 
pollution (tourism, fishing, factories, etc.), 
less population, and therefore less plastic 
consumption.
Relatively extensive research has been done 
on the microplastic pollution in water bodies. 
According to the present study, this type of 
pollution in the Persian Gulf, the shores of 
Bushehr Province, is 50 microplastics/m3 
of water. According to Table 8, it was found 
that there is a significant difference in the 
amount of this pollution all over the world. 
Microplastic pollution in the water is as high 
as 5300 microplastics/m3 in the southern 
Yellow Sea (Jiang et al., 2020). Besides, 
Aytan et al. (2016) recorded a pollution 
level of 1100 microplastics/m3. On the 
other hand, Doyle et al. (2011) concluded 
the contamination at the level of 0.004-0.19 
microplastics/m3 in the North East Pacific 
Ocean. These results show that the pollution 
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Jofreh station had the highest microplastic 
pollution, which can be attributed to the 
higher input volume of surface water, urban 
sewage, fishing, recreational activities, etc. 
Also, the most microplastics found in all the 
samples were polyamide (nylon) and string-
shaped (fiber), which can make the main 
tools of fishing activity in these areas.

Acknowledgment 
The authors are grateful to the 

Department of Marine Biology, Faculty 
of Marine Science and Oceanography, 
Khorramshahr University of Marine Science 
and Technology to facilitate this research. 
Also, special thanks to Mohammad Kolahi 
for his close cooperation.

References
Aliabad MK, Nassiri M, Kor K. (2019). 

Microplastics in the surface seawaters 
of Chabahar Bay, Gulf of Oman 
(Makran coasts). Marine Pollution 

of Bushehr beaches is in the moderate range 
compared to other regions of the world 
(Table 9).
It is expected that in the waters of Iran, this 
amount of pollution will be lower than the 
global level due to the less population, fewer 
factories and plastic production industries, 
etc. However, due to the advancement of 
technology and proper management in other 
countries of the world to eliminate these 
pollutions, including advanced purification 
systems, the use of suitable alternatives 
instead of plastic, extensive training, etc., 
one should not rely only on the current 
data and take action to eliminate this. The 
problem did not become global. 
As stated by the results of the present 
study, it can be seen that macroalgae play 
a significant role in trapping microplastics. 
Also, the beginning of the summer and 
the increase in fishing, and the tourism 
industry cause an increase in microplastic 
contamination in the current study areas. 



908

 Journal of Phycological Research, Vol. 6, No. 2, Sep 2022

Bulletin. 143: 125-133. DOI: 10.1016/j.
marpolbul.2019.04.037.

Amaral-Zettler LA, Dragone NB, Schell J, 
Slikas B, Murphy LG, Morrall CE, Zettler 
ER. (2017). Comparative mitochondrial 
and chloroplast genomics of a genetically 
distinct form of Sargassum contributing 
to recent “Golden Tides” in the Western 
Atlantic. Ecology and Evolution. 7 (2): 
516-525. DOI: 10.1002/ece3.2630.

Amini F, Riahi H, Zolgharnain H. (2013). 
Metal concentrations in Padina species 
and associated sediment from Nayband 
Bay and Bostaneh Port, northern coast of 
the Persian Gulf, Iran. Journal of Persian 
Gulf. 4 (11): 17-24.

Andrady AL. (2011). Microplastics in 
the marine environment. Marine 
pollution bulletin. 62 (8): 1596-1605. 
DOI:10.1016/j.marpolbul.2011.05.030. 

Anjana K, Hinduja M, Sujitha K, Dharani 
G. (2020). Review on plastic wastes in 
marine environment–biodegradation 
and biotechnological solutions. Marine 
Pollution Bulletin. 150: 110733. 
DOI:10.1016/j.marpolbul.2019.110733.  

Bast F. (2014). Sequence similarity search, 
multiplesequence alignment, model 
selection, distance matrixand phylogeny 
reconstruction. Nature Protocol 
Exchange. 1: 1-5.  DOI: 10.1038/
protex.2013.065.

Baldock RN. (2009). Pictured key to 
the southern Australian species of 
Sargassum algae revealed. Australian 
State Herbarium, Australia, 140 P.

Barnes DK, Walters A, Gonçalves L. (2010). 

Macroplastics at sea around Antarctica. 
Marine Environmental Research. 
70 (2): 250-252. DOI: 10.1016/j.
marenvres.2010.05.006.

Bartczak Z, Argon A, Cohen R, Weinberg 
M. (1999). Toughness mechanism in 
semi-crystalline polymer blends: I. 
High-density polyethylene toughened 
with rubbers. Polymer. 40 (9): 2331-
2346. https://doi.org/10.1016/S0032-
3861(98)00444-3.

Browne MA, Galloway T, Thompson R. 
(2007). Microplastic--an emerging 
contaminant of potential concern? 
Integrated environmental assessment 
and Management. 3 (4): 559-561. DOI: 
10.1002/ieam.5630030412. 

Browne MA, Galloway TS, Thompson RC. 
(2010). Spatial patterns of plastic debris 
along estuarine shorelines. Environmental 
Science and Technology. 44 (9): 3404-
3409. https://doi.org/10.1021/es903784e.

Chen M, Jin M, Tao P, Wang Z, Xie W, 
Yu X, Wang K. (2018). Assessment of 
microplastics derived from mariculture 
in Xiangshan Bay, China. Environmental 
Pollution. 242: 1146-1156. htttps://doi.
org/10.1016/j.envpol.2018.07.133.

Chen P, Kim HS, Jin HJ. (2009). Preparation, 
properties and application of polyamide/
carbon nanotube nanocomposites. 
Macromolecular Research. 17 (4): 207-
217. DOI: 10.1007/BF03218681.

Cho K, Li F, Choi J. (1999). Crystallization 
and melting behavior of polypropylene 
and maleated polypropylene blends. 
Polymer. 40 (7): 1719-1729. 



909

 Journal of Phycological Research, Vol. 6, No. 2, Sep 2022

SB. (2011). Plastic particles in coastal 
pelagic ecosystems of the Northeast 
Pacific ocean. Marine Environmental 
Research. 71 (1): 41-52. DOI: 10.1016/j.
marenvres.2010.10.001. 

Duis K and Coors A. (2016). Microplastics 
in the aquatic and terrestrial environment: 
sources (with a specific focus on 
personal care products), fate and effects. 
Environmental Sciences Europe. 28 (1): 
1-25. DOI: 10.1186/s12302-015-0069-y. 

Eaisanezhad Z, Amini F, Sakhii N, Ghanemi 
K, Shadi A. (2020). Padina pavonica 
algae as a Heavy metals bio-indicator in 
Inter tidal sediments of Bushehr Coasts, 
Persian Gulf. Journal of Oceanography. 
11: (41): 127-137. Doi: 10.52547/
joc.11.41.127. 

Esmaeili Z and Naji A. (2018). Comparisons 
of abundance, type and shape of 
microplastics in the upper and lower 
tidal area of Bandar Abbas coast, 
Persian Gulf. Scientific Research Journal 
of Oceanology. 8 (32): 53-61. Doi: 
10.29252/joc.8.32.53. 

Everhart DS and Reilley CN. (1981). 
Chemical derivatization in electron 
spectroscopy for chemical analysis of 
surface functional groups introduced on 
low-density polyethylene film. analytical 
chemistry. 53 (4): 665-676. https://doi.
org/10.1021/ac00227a022.

Feng Z, Zhang T. Shi H, Gao K, Huang 
W, Xu J, Wang J, Wang R, Li J, Gao G. 
(2020). Microplastics in bloom-forming 
macroalgae: Distribution, characteristics 
and impacts. Journal of Hazardous 

Claessens M, De Meester S, Van Landuyt 
L, De Clerck K, Janssen CR. (2011). 
Occurrence and distribution of 
microplastics in marine sediments along 
the Belgian coast. Marine Pollution 
Bulletin. 62 (10): 2199-2204. DOI: 
10.1016/j.marpolbul.2011.06.030. 

Clough RL and Shalaby SW. (1991). 
Radiation effects on polymers. RL. 
Clough and SW. Shalaby (eds), American 
Chemical Society, Washington, DC. 
633 pp. https://doi.org/10.1002/
pat.1992.220030406.

Cole M, Lindeque P, Halsband C, Galloway 
TS. (2011). Microplastics as contaminants 
in the marine environment: a review. 
Marine Pollution Bulletin. 62 (12): 
2588-2597. https://doi.org/10.1016/j.
marpolbul.2011.09.025.

Connes P. (1977). Infrared planetary 
spectroscopy. Infrared Physics. 17 (6): 
549. 

Deopura B, Alagirusamy R, Joshi M, Gupta 
B. (2008). Polyesters and polyamides: 
Elsevier. Woodhead Publishing Limited.

Derraik JG. (2002). The pollution of the 
marine environment by plastic debris: 
a review. Marine Pollution Bulletin. 44 
(9): 842-852. https://doi.org/10.1016/
S0025-326X(02)00220-5.

Desforges JPW, Galbraith M, Dangerfield N, 
Ross PS. (2014). Widespread distribution 
of microplastics in subsurface seawater in 
the NE Pacific Ocean. Marine pollution 
Bulletin. 79 (1-2): 94-99. https://doi.
org/10.1016/j.marpolbul.2013.12.035.

Doyle MJ, Watson W, Bowlin NM, Sheavly 



910

 Journal of Phycological Research, Vol. 6, No. 2, Sep 2022

Materials. 39 (5): 122752. https://doi.
org/10.1016/j.jhazmat.2020.122752.

Feng Z, Zhang T, Wang J, Huang W, Wang R, 
Xu J, Fu J, Gao G. (2020). Spatio-temporal 
features of microplastics pollution in 
macroalgae growing in an important 
mariculture area, China. Science of the 
Total Environment. 719: 137490. DOI: 
10.1016/j.scitotenv.2020.137490. 

Fetters L, Lohse D, Richter D, Witten T, 
Zirkel A. (1994). Connection between 
polymer molecular weight, density, 
chain dimensions, and melt viscoelastic 
properties. Macromolecules. 27 (17): 
4639-4647.  DOI: 10.1021/ma00095a001.

Galgani F, Fleet D, Van Franeker J, 
Katsanevakis S, Maes T, Mouat J, 
Oosterbaan I, Poitou G. Hanke R, 
Thompson E, Amato A, Birkun A, 
Janssen. C. (2010). Marine Strategy 
Framework directive-Task Group 10 
Report marine. DOI: 10.2788/86941.

Hawes NA, Taylor DI, Schiel DR. (2017). 
Transport of drifting fucoid algae: 
nearshore transport and potential for 
long distance dispersal. Journal of 
Experimental Marine Biology and 
Ecology. 490: 34-41. DOI: 10.1016/j.
jembe.2017.02.001.

Hossein Khezri P. (2018). Pollution of 
microplastics in the marine environment. 
The 4th National Shrimp Conference of 
Iran, Bushehr.

Irani Nasab S, Archangi B, Amini, F, Sakhaei 
N. (2017). Morphological investigation 
and molecular identification of species 
(Sargassum vulgare and Sargassum 

fallax Fucales, Sargassaceae) from the 
shores of Bushehr nuclear power plant, 
Persian Gulf. Scientific-Research Journal 
of Oceanology. 8 (31): 19-26 DOI: 
10.29252/joc.8.31.19. 

Ishihara N, Seimiya T, Kuramoto M, Uoi 
M. (1986). Crystalline syndiotactic 
polystyrene. Macromolecules. 19 (9): 
2464-2465. 

Jambeck JR, Geyer R, Wilcox C, Siegler 
TR, Perryman M, Andrady A, Narayan 
R, Law KL. (2015). Plastic waste inputs 
from land into the ocean. Science. 
347 (6223): 768-771. DOI: 10.1126/
science.1260352.

Jiang H and Kamdem DP. (2004). 
Development of poly (vinyl chloride)/
wood composites. A literature review. 
Journal of Vinyl and Additive Technology. 
10 (2): 59-69. DOI:10.1002./vnl.20009.

Jiang Y, Zhao Y, Wang X, Yang F, Chen 
M, Wang J. (2020). Characterization of 
microplastics in the surface seawater 
of the South Yellow Sea as affected by 
season. Science of the Total Environment. 
724: 138375. DOI: 10.1016/j.
scitotenv.2020.138375.

Jung KA, Lim, SR, Kim, Y, Park JM. (2013). 
Potentials of macroalgae as feedstocks 
for biorefinery. Bioresource Technology. 
135: 182-190. DOI: 10.1016/j.
biortech.2012.10.025. 

Kaposi KL, Mos B, Kelaher BP, Dworjanyn 
SA. (2014). Ingestion of microplastic 
has limited impact on a marine larva. 
Environmental Science and Technology. 
48 (3): 1638-1645. DOI: 10.1021/



911

 Journal of Phycological Research, Vol. 6, No. 2, Sep 2022

es404295e.
Kemper MS and Luchetta LM. (2003). A 

guide to raw material analysis using near 
infrared spectroscopy. Journal of Near 
Infrared Spectroscopy. 11 (3): 155-174. 
DOI: 10.1255/jnirs.363.

Kooi M, Nes EHV, Scheffer M, Koelmans 
AA. (2017). Ups and downs in the ocean: 
effects of biofouling on vertical transport 
of microplastics. Environmental Science 
and Technology. 51 (14): 7963-7971. 
doi: 10.1021/acs.est.6b04702.

KuilaT., Bose S, Hong CE, Uddin ME, 
Khanra P, Kim NH, Lee JH. (2011). 
Preparation of functionalized graphene/
linear low density polyethylene 
composites by a solution mixing method. 
Carbon. 49 (3): 1033-1037. DOI: 
10.1016/j.carbon.2010.10.031.

Lewis B, Kennedy EV, Diaz-Pulido G. 
(2017). Seasonal growth and calcification 
of a reef-building crustose coralline 
alga on the Great Barrier Reef. Marine 
Ecology Progress Series. 568: 73-86. 
DOI:10.3354/meps12074.

Li, R, Zhang L, Xue B, Wang Y. (2019). 
Abundance and characteristics of 
microplastics in the mangrove sediment 
of the semi-enclosed Maowei Sea of 
the south China sea: New implications 
for location, rhizosphere, and sediment 
compositions. Environmental pollution. 
244: 685-692. https://doi.org/10.1016/j.
envpol.2018.10.089.

Lopez Lozano R, Mouat J. (2009). 
Marine litter in the Northeast Atlantic 
Region: assessment and priorities for 

response. KIMO International Regional 
Consultants. URI: http://hdl.handle.
net/20.500.11822/2431.

Malea P and Haritonidis S. (2000). Use of 
the green alga Ulva rigida C. Agardh 
as an indicator species to reassess 
metal pollution in the Thermaikos 
Gulf, Greece, after 13 years. Journal of 
Applied Phycology. 12 (2): 169-176. 
DOI: 10.1023/A1008136320459.

Marsh K and Bugusu B. (2007). Food 
packaging—roles, materials, and 
environmental issues. Journal of food 
science. 72 (3): R39-R55. https://doi.
org/10.1111/j.1750-3841.2007.003301.x

Mishra B. (2016). A Study on Use of Recycled 
Polyethylene Terephthalate (PET) as 
Construction Material. International 
Journal of Science and Research. 5 (1): 
724-730. 

Naji A, Esmaili Z, Mason SA, Dick Vethaak 
A. (2017). The occurrence of microplastic 
contamination in littoral sediments of 
the Persian Gulf, Iran. Environmental 
Science and Pollution Research. 24 (25): 
20459-20468. DOI: 10.1007/s11356-
017-9587-z.

Nolley E, Barlow J, Paul D. (1980). 
Mechanical properties of polypropylene 
low density polyethylene blends. 
Polymer Engineering and Science. 20 
(5): 364-369. 

Prata JC, da Costa, JP, Duarte AC, Rocha-
Santos T. (2019). Methods for sampling 
and detection of microplastics in water 
and sediment: a critical review. TrAC 
Trends in Analytical Chemistry. 110: 



912

 Journal of Phycological Research, Vol. 6, No. 2, Sep 2022

150-159. https://doi.org/10.1016/j.
trac.2018.10.029.

Rouessac F and Rouessac A. (2022). 
Chemical analysis: modern 
instrumentation methods and techniques: 
John Wiley & Sons. 3rd Edition.

Ryan PG, Moore CJ, Van Franeker JA, 
Moloney CL. (2009). Monitoring the 
abundance of plastic debris in the marine 
environment. Philosophical Transactions 
of the Royal Society B: Biological 
Sciences. 364 (1526): 1999-2012. https://
doi.org/10.1098/rstb.2008.0207.

Saeb Mehr H, Nejat Khah Manavi P, Shahidi 
S. (2015). The Investigation of Biomass 
of Macroalgas in Bushehr Port (Intertidal 
zone). Journal of Environmental Science 
and Technology. 17 (4): 75-92. 

Shams M, Afsharzadeh S, Balali G, 
Valinassab T, De Clerck O. (2013). 
New records of Sargassum species 
(Sargassaceae, Phaeophyta) from the 
Persian Gulf and OmanSea in Iran. 
Iranian Journal of Botany. 19: 250-258. 
DOI:10.22092/ijb.2013.4162.

Steiner G and Zimmerer C. (2013). 
Polyethylene terephthalate (PET). In 
Polymer Solids and Polymer Melts–
Definitions and Physical Properties I 
Springer. pp. 772-779. DOI: 10.1007/978-
3-642-32072-9.

Thompson RC, Moore, CJ, Vom Saal 
FS, Swan SH. (2009). Plastics, the 
environment and human health: 
current consensus and future trends. 
Philosophical Transactions of the 
Royal Society B: Biological Sciences. 

364 (1526): 2153-2166. https://doi.
org/10.1098/rstb.2009.0053.

Titow WV. (2012). PVC plastics: properties, 
processing, and applications: Springer 
Science & Business Media.

Vianello A, Boldrin A, Guerriero P, 
Moschino V, Rella R, Sturaro A, Da 
Ros L. (2013). Microplastic particles 
in sediments of Lagoon of Venice, 
Italy: First observations on occurrence, 
spatial patterns and identification. 
Estuarine, Coastal and Shelf Science. 
130: 54-61. https://doi.org/10.1016/j.
ecss.2013.03.022.

Vinci M and LaMantia F. (1996). Properties 
of filled recycled polypropylene. 
Journal of polymer engineering. 16 
(3): 203-216. https://doi.org/10.1515/
POLYENG.1996.16.3.203.

Wegelin M, Canonica S, Alder C, Marazuela 
D, Suter MF, Bucheli TD, Haefliger 
OP, R Zenobi,  Mcguigan K, Kelly 
MT, Ibrahim P, Larroque M. (2001). 
Does sunlight change the material and 
content of polyethylene terephthalate 
(PET) bottles? Journal of Water Supply: 
Research and Technology-AQUA. 50 
(3): 125-135. 

Wu Y, Guo P, Zhang X, Zhang Y, Xie S, 
Deng J. (2019). Effect of microplastics 
exposure on the psummerosynthesis 
system of freshwater algae. Journal of 
Hazardous Materials. 374: 219-227. 
DOI: 10.1016/j.jhazmat.2019.04.039. 

Yang L, Chen J, Li H. (2009). Effects 
of chlorinated polypropylene on 
the hydrogen-bond and electric 



913

 Journal of Phycological Research, Vol. 6, No. 2, Sep 2022

property of polypropylene/chlorinated 
polypropylene/polyaniline composites: 
FTIR analysis. Polymer Engineering and 
Science. 49 (3): 462-470. DOI: 10.1002/
pen.21307. 

Zhang C, Chen X, Wang J, Tan L. (2017). 
Toxic effects of microplastic on marine 
microalgae Skeletonema costatum: 
interactions between microplastic 
and algae. Environmental Pollution. 
220, 1282-1288. DOI: 10.1016/j.
envpol.2016.11.005.

Zhu X, Zhao W, Chen X, Zhao T, Tan L, 
Wang J. (2020). Growth inhibition of the 
microalgae Skeletonema costatum under 
copper nanoparticles with microplastic 
exposure. Marine Environmental 
Research. 158: 105005. https://doi.
org/10.1016/j.marenvres.2020.105005.

Zitko V and Hanlon M. (1991). Another 
source of pollution by plastics: skin 
cleaners with plastic scrubbers. Marine 
Pollution Bulletin. 22 (1): 41-42. 


