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Abstract 
A screening of human phycotoxin poisoning symptoms was done in the coastal 
communities of Nigeria, every quarter for one year, using structured ques-
tionnaires. A multi-stage sampling technique consisting of cluster, snowbal-
ling, convenience purposive and random sampling was applied in the study. 
Based on the responses, a total of 17 Harmful algal toxin-related poisoning 
symptoms were recorded from respondents, who experienced these symptoms 
from seafood consumption. The symptoms were Balance difficulty, Breathing 
difficulty, Burning sensation, Chills, Confusion, Diarrhea, Dizziness, Body 
itching, Headache, Memory loss, Mouth tingling, Muscle pain, Nausea, Rash-
es, Abdominal pain, Tiredness and Vomiting. These could be grouped into 
five categories of diseases namely, Respiratory, Gastrointestinal, Neurological, 
Dermatological, and Musculo-Skeletal symptoms. The most commonly expe-
rienced symptoms were vomiting (24%), mouth tingling (21%), Nausea (14%), 
diarrhea (11%), headache (10%), tiredness (9%) and body itching (8%) and 
the least were muscle pain, rashes, confusion, chills, dizziness, balance diffi-
culty burning sensation, breathing difficulty and abdominal pain. Statistical 
analyses revealed a nexus and significant relationship between visible symp-
toms and: seafood; season; water colour; habitats/environment of dead sea-
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food and age of respondents. Symptoms enlisted are reminiscent of harmful 
algal blooms, with grave consequences for public health, commercial fisheries, 
recreation, tourism, monitoring/management. Therefore, preventive measures, 
requiring routine monitoring of water bodies, coupled with greater public 
awareness is suggested for early detection of occurrence of toxin-producing 
symptoms. 
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1. Introduction 

Harmful algal blooms (HABs) are increasing in frequency and intensity in coast-
al regions globally [1] [2]. These harmful algal blooms are undergoing geo-
graphical expansion via a myriad of mechanisms such as natural environmental 
factors (hurricanes, earthquakes, ideal growth and transport conditions and 
physiological adaptation of bloom-forming species); anthropogenic activities 
(increased eutrophication, marine transportation, ballast water transport aqua-
culture development); and climate change [3] [4]. Consequent upon these, the 
proliferation of HABs has significant socioeconomic and ecological costs, which 
impact drinking water, fisheries (massive fish-kills, shellfish poisoning), wildlife 
mortalities, human illness and death, agriculture, tourism, real estate, water 
quality, food web resilience and habitats, and contribute to anoxia [5]. 

The consequences of harmful algae include intoxication of shellfish tissue 
causing several illnesses or even death of marine wildlife and people as well as 
depriving citizens of vital recreational opportunities in addition to hampering 
the supply of drinking water. Toxic blooms are similarly becoming more fre-
quent, potentially impacting public health, regional economies, and lifestyles of 
citizens who use such water bodies [6]. The risk of HAB-related illness is further 
exacerbated by quest and preference for healthy heart diets (seafood), insurgence 
to travel to coastal destination, increase in coastal urban population coupled 
with marine recreation (yachting, boating, swimming, surfing, sports, etc.) [4]. 
HABs are characterized by patches of discolored water, dead or dying fish, and 
respiratory irritants in the air [7].  

In Nigeria coastal waters, studies exist on algal toxin profiles [8], harmful di-
noflagellates and toxigenic diatoms [9] [10], harmful algal poisoning syndromes 
[11], toxin-producing algae modelling [12] among others. This report aims to 
examine human health symptoms of harmful algae in coastal communities of 
Nigeria. This is the first study of this nature in Nigeria, West Africa. 

2. Study Area 

The study was carried out in the coastal area of Nigeria, situated in the Atlantic 
Ocean in Gulf of Guinea, in the Bight of Bonny to the east and Bight of Benin to 
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the west in Nigerian coast. The study area covered 10 locations (Cross River, 
Akwa Ibom, Rivers, Bayelsa, Delta, Ondo, Ogun, Lagos, Lekki, Bar beach and 
Badagry (Figure 1) of Nigeria, lying between longitudes 3˚24' and 8˚19'E and la-
titude 4˚58' and 6˚24'N along the Nigerian coastline [13]. The Nigerian coastal 
states are divided into two regions namely; South-South region and the 
South-West region according to their geographic position. The South-South 
consists of five states namely; Cross River, Akwa Ibom, Rivers, Bayelsa and Del-
ta, while South-West comprises three states [Ondo, Ogun, Lagos (Lekki, Bar 
beach, Badagry)]. Climatically, there are two main seasons in the area, namely 
the rainy (wet) season spanning from May to October and dry season from No-
vember to April. The coastal area is humid with a mean average temperature of 
24˚C - 32˚C and an average annual rainfall ranging between 1500 - 4000 m [14]. 

3. Materials and Methods 

This research was both an exploratory and a survey study that sought to examine 
the knowledge and attitude of persons who eat seafood. The research is a novel 
one and prior relevant information is not available. Therefore exploratory 
scheme was used to gather information about the subject matter in the field. For 
this, the primary method of observation was adopted. The purpose was to obtain 
information that would require further analysis. The exploratory scheme was 
used to identify likely respondents that would be willing to participate in the  
 

 
Figure 1. Map of study area: coastal area of Nigeria. 
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survey. A survey study is the systematic gathering of information from respon-
dents for the purpose of understanding or predicting some aspect of the 
behaviour of the population of research. However one of the features of this is 
that it involves obtaining data from respondents with the aid of questionnaires 
or an interview guide [15]. Hence the qualitative study made use of the struc-
tured questionnaire in eliciting the required response from the respondents. 

The research was a seasonal study that was carried out by 4 research teams, 
consisting of an average 6 members each, within a year period and at different 
seasons: Dry-wet (March, 2014), Wet (July, 2014), Wet-dry (October, 2014) and 
Dry (January, 2015). The study was conducted within the coastal region of 
southern Nigeria, and these include; Cross River, Akwa Ibom, Rivers, Bayelsa, 
Delta, Ondo, Ogun and Lagos States including Lekki, Bar Beach and Badagry. It 
was a onetime survey in each season as the questionnaires were administered on 
face to face approach, and this made the willing respondents to give answers to 
the questions asked in each of the questionnaire administered. 

The sampling technique used was a multi-stage sampling consisting of cluster, 
snowballing, random sampling, convenience and purposive sampling. The clus-
ter method was used in grouping the respondents by the state of residence, from 
which in some states purposive sampling was used. This is because some res-
pondents who were interviewed had strong knowledge of the study objective and 
they were consulted. For others, the respondents were consulted at random and 
some respondents referred (Snowballing) the research team to other respondents 
residing in same residence after being granted interview. 

The convenience sampling method was used in some locations where the res-
pondents are fishermen/women and were seen to be in a hurry to give answers 
and go to work. The proposed sample size for the study was 2000, however, due 
to the nature of the respondents, their residence and occupation/job, a total of 
985 responded and copies of questionnaire were retrieved from the field and 
analyzed. The method of data analysis was both Univariate and Bivariate 
through the use of the statistical package of social science (SPSS). Simple fre-
quency, percentage, charts and graphs were utilized in interpreting the results 
while the Chi-square (X2) coefficients were used in testing the stated hypotheses. 

4. Results 

Socio-Demographic Characteristics of Respondents  
In examining the socio-demographic characteristics of the respondents, it was 

discovered the dry season (January) and wet-dry season (October) were the pe-
riod with the highest records 24.3% and 20.9% respectively. Badagry, Akwa 
Ibom, Ondo and Ogun were the major location with the highest respondents 
constituting 16.4%, 18.1%, 13.0% and 16.5% respectively. On personal attribute 
of the respondents, the study revealed that majority of the respondents were 
males, consisting 60.3% of the entire respondents, while 39.7% were females. In 
terms of religion, Christian made up 87.5% of the entire respondents, Muslims 
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10.6% while the African Traditional Worshippers were least, accounting for only 
1.9%. 

On the occupation of the respondents, the study revealed that 27% of the en-
tire respondents were traders, followed by students (25.8%), farmers (12.7%) fi-
shermen (11.3%) and Civil servants (10.3%). Others include tailors, with 6.6%, 
self-employed persons, 1.3% and others had less than 1% from the study. Among 
the respondents, the Yoruba’s and the Ijaws had the highest ethnic group with 
37.4% and 14.2% respectively, among others, the least of the ethnic groups the 
Ekom, Egbira, Ihan and Bokori, with less than 1% each. 

Figure 2 depicts the age brackets of respondents. 
On the average, out of a total of 985, the respondents with the highest fre-

quency are those within age bracket of 20 - 39 years constituting 43.1.9% of the 
entire respondents, followed by 30 - 39 years (25.8%), and <20 years (17.5%), 40 
- 49 years (10.8%) while the least were the respondents within ages ≥ 50 years 
with 2.8%. On the basis of marital status, 53.5% and 43.8% of the respondents 
were married and single respectively, while 1.1% reported that they were sepa-
rated More than half of the respondents (53.8%) had Senior School Certificate 
(SSCE) qualifications as their highest qualification while 28.7% reportedly had a 
university degree.  

Symptoms experienced by coastal communities 
Seventeen harmful algal bloom toxins symptoms were recorded from respon-

dents to the questionnaires administered in this study. Different respondents 
confirmed that they experienced these symptoms when they consumed some of  
 

 
Figure 2. Percentage distribution of ages of respondents. 
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the seafoods. The symptoms were: Balance difficulty, Breathing difficulty, Burn-
ing sensation, Chills, Confusion, Diarrhea, Dizziness, Body itching, Headache, 
Memory loss, Mouth tingling, Muscle pain, Nausea, Rashes, Abdominal pain, 
Tiredness and Vomiting. From the medical perspective, the 17 symptoms expe-
rienced by communities in the coastal areas can be organized into five groups of 
diseases namely Respiratory, Gastrointestinal, Neurological, Dermatological, and 
Musculo-Skeletal symptoms. 

Other symptoms listed in the questionnaires were not experienced by res-
pondents. Such symptoms were Double vision, Paralysis, Convulsion/Seizures 
and Hallucination. Some respondents claimed they did not experience any of 
the above symptoms. Out of those who experienced symptoms, the frequency 
of most prominent symptoms was computed and represented in Figure 3. The 
most frequent symptom was vomiting (24%), closely followed by mouth tingling 
(21%). Nausea was 14%, diarrhea 11%, headache 10%, tiredness 9% and body 
itching 8%. 

Others occurring occasionally but in insignificant numbers include muscle 
pain, balance difficulty, burning sensation, breathing difficulty, dizziness and 
abdominal pain 

Seasonal occurrence of Symptoms. 
Figure 4 shows the season of occurrence of symptoms. Overall, the wet season 

elicited the highest response with 49.7%, followed at a distant second by dry 
season with 24.3%, next to wet-dry season (20.9%) and least being dry-wet sea-
son (5.1%).  

 

 
Figure 3. Frequency of occurrence of prevalent human phycotoxin poisoning symptoms 
in coastal areas. 
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Figure 4. Seasonal occurrence of human phycotoxin poisoning symptoms. 

 
Seafood responsible for symptoms 
Figure 5 shows the distribution of symptoms caused by seafood consumed. 

Although 67.3% claimed that they experienced no symptom on consumption of 
seafood, a sizeable proportion experienced symptoms with their seafood con-
sumption. The highest was shrimps/crayfish, closely followed by crabs and the 
least being a combination of all seafood (shrimps/crayfish, crab, periwinkle and 
fish). 

Nexus between symptoms from seafood and the particular seafood con-
sumed 

Table 1 shows the visible symptoms from seafood and the particular seafood 
consumed that prompted the visible symptoms. The table shows that Crabs, Pe-
riwinkle, fish and a combination of some seafood resulted in substantial symp-
toms. From the result, it is observed that 3.5% of the entire respondents who ate 
crab experienced various symptoms, ranging from vomiting (2.4%), Body Itch-
ing/scratching (0.5%) and headache (0.4%). For Periwinkle, the symptoms were 
vomiting (1.7%), diarrhea (1.2%) and nausea (0.8%).  

Of the respondents who consumed fish, 0.4% had Body itching. Respondents 
who preferred to consume shrimps/crayfish and crab, and others who consumed 
shrimps/crayfish, crab and Periwinkle, the most common symptom was Tired-
ness (1.2%), while 0.5% had experienced Diarrhea and many others. However, 
most respondents claimed to have no preference for any seafood, as they ate all 
the seafood available with 55.7%, experiencing vomiting as the highest (6.1%) 
and 5.8% presenting with mouth tingling/burning sensation symptoms.  

Statistically, the Chi Square analysis, showed that there was a significant rela-
tionship (at 95% confidence limit) between visible symptoms of seafood con-
sumption and the seafood causing the observed symptoms (p < 0.05).  

Nexus between symptom from seafood and the season of occurrence 
Seasonal consideration of symptoms as depicted in Table 2 showed that vo-

miting occurred more in the Dry season (January) with 5.5%, while headache, 
Body Itching was predominant in Wet-dry period (October) with (2.8%). Simi-
larly, Nausea had 3.1% in Dry season (January) than any season of the year,  
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Figure 5. Percentage of Seafood Responsible for human phycotoxin poisoning symptoms. 
 

Table 1. Nexus between the visible symptoms from seafood and the particular seafood. 

Symptoms 

Seafood 

Total Shrimps/ 
crayfish 

Crab Periwinkle Shellfish Clam Fish 1 & 2 1, 2 & 3 1, 2, 3 & 6 All 

Headache 3 (0.3%) 4 (0.4%) 7 (0.7%) 2 (0.2%) 3 (0.3%) 1 (0.1%) 0 (0%) 4 (0.4%) 9 (0.9%) 16 (1.6%) 49 (5.0%) 

Body Itching 1 (0.1%) 5 (0.5%) 8 (0.8%) 0 (0%) 0 (0%) 4 (0.4%) 0 (0%) 3 (0.3%) 5 (0.5%) 12 (1.2%) 38 (3.9%) 

Nausea 2 (0.2%) 0 (0%) 8 (0.8%) 0 (0%) 0 (0%) 2 (0.2%) 0 (0%) 3 (0.3%) 6 (0.6%) 49 (5.0%) 70 (7.1%) 

Vomiting 1 (0.1%) 24 (2.4%) 17 (1.7%) 1 (0.1%) 0 (0%) 2 (0.2%) 0 (0%) 7 (0.7%) 3 (0.3%) 60 (6.1%) 115 (11.7%) 

Diarrhea 0 (0%) 1 (0.1%) 12 (1.2%) 1 (0.1%) 0 (0%) 0 (0%) 0 (0%) 5 (0.5%) 9 (0.9%) 24 (2.4%) 52 (5.3%) 

Rashes 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (0.1%) 0 (0%) 4 (0.4%) 5 (0.5%) 

Tiredness 0 (0%) 1 (0.1%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 12 (1.2%) 7 (0.7%) 25 (2.5%) 45 (4.6%) 

Mouth tingling/ 
burning sensation 

0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (0.2%) 0 (0%) 3 (0.3%) 40 (4.1%) 57 (5.8%) 102 (10.4%) 

Memory loss 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (0.2%) 3 (0.3%) 4 (0.4%) 9 (0.9%) 

None 10 (1.0%) 0 (0%) 9 (0.9%) 0 (0%) 1 (0.1%) 24 (2.4%) 4 (0.4%) 78 (7.9%) 75 (7.7%) 298 (30.3%) 500 (50.8%) 

Total 17 (1.7%) 35 (3.6%) 61 (6.2%) 4 (0.4%) 4 (0.4%) 35 (3.5%) 4 (0.4%) 118 (12.0%) 158 (16.0%) 549 (55.7%) 985 (100.0%) 

 
while 2.6% of the entire respondents were reported to have experience Diarrhea 
in Wet-dry period (October) than in any other season of the year. 

In total, rashes represent the least of the symptoms among all the visible 
symptoms at the study locations. Of these, 0.4% was experienced in the month of 
July (Wet period), while tiredness was highest in July (Wet period), with 3.4%. 
Of the entire respondents, and 8.0% asserted that they experienced Mouth tin-
gling/burning sensation in the month of Wet period (July), making it the month  
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Table 2. Nexus between symptoms from seafood and the particular season. 

Symptoms 

Season 

Total Dry 
(January) 

Dry-wet 
(March) 

Wet (July) 
Wet-dry  

(October) 

Headache 8 (0.8%) 1 (0.1%) 12 (1.2%) 28 (2.8%) 49 (5.0%) 

Body Itching 4 (0.4%) 2 (0.5%) 6 (0.6%) 26 (2.6%) 38 (3.9%) 

Nausea 31 (3.1%) 6 (0.6%) 18 (1.8%) 15 (1.5%) 70 (7.1%) 

Vomiting 54 (5.5%) 9 (0.9%) 24 (2.4%) 28 (2.8%) 115 (11.7%) 

Diarrhea 4 (0.4%) 0 (0%) 22 (2.2%) 26 (2.6%) 52 (5.3%) 

Rashes 1 (0.1%) 0 (0%) 4 (0.4%) 0 (0%) 5 (0.5%) 

Tiredness 6 (0.6%) 0 (0%) 33 (3.4%) 6 (0.6%) 45 (4.6%) 

Mouth tingling/ 
burning sensation 

18 (1.8%) 2 (0.2%) 79 (8.0%) 3 (0.3%) 102 (10.4%) 

Memory loss 2 (0.2%) 1 (0.1%) 4 (0.4%) 2 (0.2%) 9 (0.9%) 

None 111 (11.3%) 29 (2.9%) 288 (29.2%) 72 (7.3%) 500 (50.8%) 

Total 239 (24.3%) 50 (5.1%) 490 (49.7%) 206 (20.9%) 985 (100.0%) 

 
with the highest symptom of Mouth tingling/burning sensation. Though mem-
ory loss was is not a frequently experienced symptom in this study, 0.4% of the 
entire respondents experienced it in the month of July (wet period).  

The Dry-wet period-March had the least of the visible symptoms, with the 
highest symptom experienced being just 0.9% (vomiting), and followed by Nau-
sea with 0.6 Statistical analysis, using Chi Square analysis, at 95% confidence 
limit showed that there was significant relationship (p < 0.05) between visible 
symptoms of seafood consumption and the season of consumption. 

Nexus between colour of water and symptoms  
From Table 3, most of the symptoms experienced by the respondents (34.3%) 

were from seafood consumed from brown water. Additionally, vomiting 
(13.2%), nausea (9%), headache (3.9%) and body Itching (2.9%) were also expe-
rienced by respondents who consumed seafood from brown coloured water. For 
green water colouration, the most common symptoms were vomiting with 1.6% 
while the least was Mouth tingling/burning sensation and headache with 0.7%. 

The red coloured water had just 0.7% of all the symptoms, and from these, 
headache had the highest with 0.4% and tiredness had 0.2%. From the Chi 
Square analysis, there was significant relationship (p < 0.05) between visible 
symptoms and the colour of the water. 

Observation and Occurrence of dead seafood in the Coastal Areas. 
Table 4 depicts the observation and occurrence of dead seafood in communi-

ties. From the results, 46.3% of the respondents agreed that they had seen dead 
seafood around water bodies in their communities. Of these, periwinkle and fish 
accounted for 36% and 35.1% of the dead seafood while shellfish and crab ac-
counted for 16.4% and 12.1% of the dead seafood observed respectively. Less  
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Table 3. Nexus between symptoms and colour of water. 

Symptoms 
Water colour Total 

Brown Water Green water Red water  

Headache 18 (3.9%) 3 (0.7%) 2 (0.4%) 23 (5.0%) 

Body Itching 13 (2.9%) 6 (1.3%) 0 (0%) 19 (4.2%) 

Nausea 41 (9.0%) 4 (0.9%) 0 (0%) 45 (9.9%) 

Vomiting 60 (13.2%) 8 (1.6%) 0 (0%) 68 (14.9%) 

Diarrhea 11 (2.4%) 6 (1.3%) 0 (0%) 17 (3.7%) 

Rashes 2 (0.4%) 0 (0%) 0 (0%) 2 (0.4%) 

Tiredness 6 (1.3%) 4 (0.9%) 1 (0.2%) 11 (2.4%) 

Mouth tingling/ 
burning sensation 

47 (10.3%) 3 (0.7%) 0 (0%) 50 (11.0%) 

Memory loss 4 (0.9%) 4 (0.9%) 0 (0%) 8 (1.8%) 

None 140 (30.7%) 70 (15.4%) 3 (0.7%) 213 (46.7%) 

Total 342 (75.0%) 108 (23.7%) 6 (1.3%) 456 (100.0%) 

 
Table 4. Visibility of dead seafood in recent times. 

Visibility of dead seafood in 
recent times 

Response Frequency Percentage 

Yes 456 46.3 

No 529 53.7 

Total 985 100 

Types of dead seafood seen 

Fish 160 35.1 

Periwinkle 164 36.0 

Crab 55 12.1 

Can’t describe 2 0.4 

Shell fish 75 16.4 

Total 456 100 

 
than one percent (0.4%) of the respondents asserted that they could not describe 
what they saw.  

Nexus between massive dead seafood and the habitat of dead seafood  
From the result in Table 5, it is observed that one of the most visible dead 

seafood was fish, as this represented 34.7% of the entire respondents. Creeks 
were the dominant habitat where the massive dead seafood was found, followed 
by the Pond with 9.5%. However, the most visible dead seafood was the Periwin-
kle, with 36.2%. Of these, the most visible habitat where these Periwinkles were 
seen was the Creek with 17.9%, followed by the River with 9.3%. 

Crab and the shellfish had 12.1% and 16.6% respectively. The most visible 
place with massive dead crabs according to the respondents was the Creek with 
5.5%, followed by the river with 3.5% and for the shellfish, the most visible place  
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Table 5. Nexus between massive dead seafood and habitat of occurrence. 

Massive  
dead seafood 

Location 
Total 

Creek Pond River Ocean 

Fish 69 (15.2%) 43 (9.5%) 32 (7.1%) 13 (2.9%) 157 (34.7%) 

Periwinkle 81 (17.9%) 39 (8.6%) 42 (9.3%) 2 (0.4%) 164 (36.2%) 

Crab 25 (5.5%) 11 (2.4%) 16 (3.5%) 3 (0.7%) 55 (12.1%) 

Can’t describe 0 (0%) 0 (0%) 0 (0%) 2 (0.4%) 2 (0.4%) 

Shell fish 0 (0%) 6 (1.3%) 69 (15.2%) 0 (0%) 75 (16.6%) 

Total 175 (38.6%) 99 (21.9%) 159 (35.1%) 20 (4.4%) 453 (100.0%) 

 
where dead ones occurred was the River 15.2%, followed by the pond with 1.3%. 
Overall, result from the study showed that the creek was the dominant place 
dead seafood were found, followed by the river with 38.6% and the least was the 
ocean (4.4%). The highest dead seafood found in the ocean was Fish (2.9%), fol-
lowed by Crab (0.7%). Of the respondents, 0.3% chose periwinkle. However, 
0.4% represents people who couldn’t describe what they saw.  

Nexus between symptoms from seafood and the age of the respondents  
On the age of respondents and the visible symptoms that are associated with 

the seafood consumed (Table 6), the result shows that respondents within 20 - 
29, 30 - 39 and 40 - 49 years of age were dominant, with 43.1%, 25.8% and 10.8% 
respectively. Considering the respondents with no symptoms, these ages corres-
ponded to 19.2%, 14.3% and 6.4% respectively. On a general note, the study shows 
that 6.4% of the entire respondents who experienced mouth tingling/burning 
sensation are within ages 20 - 29 years, followed Vomiting with 5.2% under same 
age. 

Of the entire respondents, 2.4% and 1.9% under ages 20 - 29 years had expe-
rienced headache and Body Itching respectively. This showed that age 20 - 29 
years had high prevalence for some illness after consuming some selected if not 
all seafood stated in course of the study. There are other symptoms that are as-
sociated with the age and the seafood consumed within the study location 
(Table 6). Statistically, the Chi Square analysis, at 0.05 level of significance 
shows that there was significant relationship between visible symptoms of sea-
food consumption and the age of the respondent. 

5. Discussion 

Seafood is implicated for the various illnesses and the diagnosis of these illnesses 
is largely based on symptoms presentation and the history of seafood consump-
tion [4]. Different symptoms have been reported by several authors to be trig-
gered or instigated by different causative factors. Partyka [16] for instance re-
ported that numbness, mouth tingling, vomiting diarrhea, among others, have 
been largely attributed to neurotoxic shellfish poisoning (NSP). Nausea, vomit-
ing, abdominal pain, diarrhea have been ascribed to both Diarrhetic shellfish  
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Table 6. Nexus between the visible symptoms from seafood and age. 

Symptoms 
Age (years)  

Below 20 20 - 29 30 - 39 40 - 49 50 & above  

Headache 15 (1.5%) 24 (2.4%) 6 (0.6%) 4 (0.4%) 0 (0%) 49 (5.0%) 

Body Itching 7 (0.7%) 19 (1.9%) 6 (0.6%) 3 (0.3%) 3 (0.3%) 38 (3.9%) 

Nausea 15 (1.5%) 34 (3.5%) 15 (1.5%) 4 (0.4%) 2 (0.2%) 70 (7.1%) 

Vomiting 18 (1.8%) 51 (5.2%) 31 (3.1%) 10 (1.0%) 5 (0.5%) 115 (11.7%) 

Diarrhea 10 (1.0%) 22 (2.2%) 9 (0.9%) 8 (0.8%) 3 (0.3%) 52 (5.3%) 

Rashes 0 (0%) 5 (0.5%) 0 (0%) 0 (0%) 0 (0%) 5 (0.5%) 

Tiredness 7 (0.7%) 15 (1.5%) 17 (1.7%) 6 (0.6%) 0 (0%) 45 (4.6%) 

Mouth tingling/ 
burning sensation 

4 (0.4%) 63 (6.4%) 26 (2.6%) 8 (0.8%) 1 (0.1%) 102 (10.4%) 

Memory loss 5 (0.5%) 3 (0.3%) 1 (0.1%) 0 (0%) 0 (0%) 9 (0.9%) 

None 91 (9.2%) 189 (19.2%) 143 (14.3%) 63 (6.4%) 14 (1.4%) 500 (50.8%) 

Total 172 (17.5%) 425 (43.1%) 254 (25.8%) 106 (10.8%) 28 (2.8%) 985 (100.0%) 

 
poisoning (DSP), caused by Dinophysis and Prorocentrum and Ciguatera Fish 
poisoning (CFP) caused by Gambierdiscus. These symptoms have been asso-
ciated with okadaic acid, a major Diarrhetic shellfish poisoning (DSP) very po-
tent toxin. The presence of quantifiable amounts of toxins Okadaic acid and 
pectenotoxin 2 ascribable to Dinophysis and Prorocentrum species, also found 
in Nigerian coast, have earlier been confirmed in our previous study [8]. DSP is 
a human syndrome caused by consumption of shellfish contaminated by toxins 
produced by Dinophysis and benthic species of Prorocentrum [16] [17] [18]. 
Consumption of crabs has also been associated with Diarrhetic shellfish poison-
ing (DSP) [4] [19]. On the other hand, Amnesic shellfish poisoning (ASP) 
caused by Pseudonitzshia spp is the culprit of gastrointestinal symptoms such as 
Nausea, vomiting, diarrhea, abdominal cramps, neurological symptoms such as 
headaches, hallucinations, confusion, short-term memory loss, in addition to 
seizures, possibility of coma and death [6] [20]. The pennate diatom of the genus 
Pseudonitzschia (P. delicatissima, P. multiseries, P. cuspidata, P. pungens, and P. 
australis) are generally implicated in the biosynthesis of Domoic Acid (DA) re-
sponsible for ASP [6] [20] [21]. Species of Pseudonitzschia have also been found 
in Nigerian coast [10]. 

Numbness, tingling, headache, dizziness, nausea, loss of coordination, 
sensation of floating, muscle paralysis and respiratory failure in severe cases are 
signs and symptoms of Paralytic shellfish poisoning (PSP) [6] [22]. PSP is caused 
by harmful microalgae notably Gymnodinium catenatum, Alexandrium 
catenella, A. acatenella, A. fundyense, A. minutum, A. tamarense, A. ostenfeldii, 
Pyrodinium bahamense [21], Cylindrospermopsis raciborskii, Aphanizomenon 
flos-aquae, Lyngbya spp., Anabaena circinalis ([23] [24]. All these microalgae 
synthesize saxitoxin responsible for PSP in both marine and fresh water. Most of 
these species have also been identified from the Nigerian coast [25]. The obser-
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vation of ASP and PSP in the coastal waters of Nigeria earlier reported [11] lends 
credence to the implication of such syndromes in the corresponding ill-
nesses/symptoms enumerated in this study.  

Karena brevis is implicated for throat, nose, eye, respiratory and skin (itching) 
irritations [26]. It is usually inhaled via marine aerosol. Symptoms of ciguatoxin 
poisoning are abdominal cramps, nausea, diarrhea, paresthesia of the lips and 
extremities, reversal of hot and cold sensation, weakness, dizziness, and, in se-
vere cases, acute respiratory failure and coma [27].  

Reports of Pulido [19] reveal that abdominal pain and distention, weakness, 
nausea and vomiting, severe thirst, rapid and weak pulse, and death, in addition 
to jaundice and shock are also microcystin symptoms in human and mammals. 
Paralysis, muscle twitching, Body Itching, gasping, convulsions, staggering and 
death have been associated with neurotoxins (anatoxin-a), while Symptoms of 
exposure to cylindrospermopsin include nausea, vomiting, diarrhea, abdominal 
tenderness, pain, and acute liver failure [6]. 

The respective vectors of these HAB-related illness, according to report of 
Grattan et al. [4], are reef fish, eels, contaminated farmed fish (CFP); mussels, oys-
ters, scallops, clams, crabs (DSP-okadaic acid); mussels, oysters, scallops, plank-
tivorous fish (NSP); mussels, scallops, clams, puffer fish, crustaceans, gastropods 
(PSP) and razor clams, oyster, squid, sardines, crabs, lobsters (ASP-domoic 
acid). These vectors are available and largely consumed by the coastal com-
munities of Nigeria [28]. In general, a myriad of psychological response may 
accompany these illnesses and these include loss of financial resource, socioe-
conomic adversity, job opportunity losses, depression, anxiety and substance 
abuse [4]. 

As the causative factors of these various illnesses i.e. toxins are odorless, taste-
less, and cannot be destroyed by cooking, freezing, or washing seafood [16] [22], 
and the associated colossal economic losses such as loss of productivity, medical 
care, debilitation etc., it is therefore incumbent on all to adhere to preventive 
measures to minimize human and public health risks. It is established that rou-
tine clinical tests are unavailable for diagnosis coupled with the absence of 
known antidote [4]. Reports of Pulido [19] indicates that human intoxications 
are often misdiagnosed, under-diagnosed, and under-reported to public health 
authorities, and surmised that regulatory standards, alertness by public health 
organizations and primary health care providers, in regions with a history of 
HABs, helps to minimize and manage human health risks; bearing in mind that 
populations at higher risk of exposure are recreational shellfish pickers, anglers, 
children, aboriginals in coastal regions. A combination of the above reasons calls 
for a collaborative and comprehensive management approach, involving policy 
makers (Federal, State, Local), public health practitioners, and community in 
tackling the problem of harmful algal symptoms.  

6. Conclusions 

A study of the nature-human phycotoxin poisoning symptoms is very novel in 
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Nigeria in general and coastal areas of Nigeria in particular. The advantages of 
this research are predicated on the pioneer documentation of baseline symp-
toms, coupled with awareness creation of the various symptoms amongst the 
coastal communities, whether they have experienced the symptoms or not, in 
order to be better prepared in case of future manifestation. Knowledge of the 
symptoms and their causative organisms-harmful algae, will also help the 
economy of these communities, as their livelihood depends largely on aquacul-
ture/mariculture/farming and harvesting of the vectors (seafoods) of these 
harmful algae responsible for the toxins and symptoms. This is pertinent in view 
of the fact that the presence of the toxins/harmful algae responsible for such 
symptoms has been attested in the coastal areas in our previous studies. Overall, 
awareness of the symptoms and their causative factors could help in the mini-
mization of the associated psychological, socioeconomic, drug abuse and health 
(both physical and mental) consequences.  

The symptoms enlisted in this study are associated with harmful algal tox-
ins/poisoning. Harmful algal blooms generally have repercussions for public 
health, commercial fisheries, recreation and tourism and monitoring and man-
agement. Usually, monitoring of water bodies for toxins/poisoning and by ex-
tension, symptoms, in many regions are primarily reactionary rather than antic-
ipatory. It is therefore pertinent that prevention of illness is of paramount im-
portance in minimizing human and public health risks. Hence routine monitor-
ing of water bodies is suggested for early tracking of occurrence of tox-
in-producing symptoms, as well as phytoplankton monitoring as an early warn-
ing signal for the control of seafood safety, in order to protect the health and 
economies of coastal communities.  

There should be greater public awareness of harmful algal blooms. Effort 
should be integrative, interfacing current monitoring and management pro-
grams with basic research and model development for forecasting systems in 
both marine and freshwater ecosystems, for proper recognition of these pheno-
mena, understanding of causative factors, prediction and mitigation of their ef-
fects.  
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Highlights 

1) Pioneer investigation into harmful algal bloom symptoms in Nigeria, West 
Africa. 

2) Harmful algal bloom symptoms comprising Respiratory problems, Ga-
strointestinal problems, Neurological problems, Dermatological problems, and 
Musculo-Skeletal Problems reported. 

3) The four most frequent symptom are: vomiting (24%), mouth tingling 
(21%), Nausea (14%), diarrhea (11%). 

4) Correlation between symptoms: and seafood, water colour, habitats, age of 
respondents. 

5) Early warning detection pivoted on preventive actions is recommended. 
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