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Abstract

The biotoxins can enter the marine food chain, and, accordingly, seafood consumers are also at risk of
ingesting toxins from contaminated aquatic animals. In the present work, the aim was to identify the
okadaic acid and domoic acid producers in the coastal waters and to investigate on their accumulated
concentrations in edible bivalves in order to assess the consumer’s health risk. Water samples were col-
lected during winter 2018 and summer 2019 from one control and four stations facing industrial and
municipal effluents. Four species of edible bivalves were collected from coastal lines of Hormozgan
province, at the lowest tide time. The concentrations of toxins were determined by indirect competitive
ELISA method. Pseudonitzschia delicatissima, Nitzschia punges and Nitzschia seriata in the production of
domoic acid and Dinophysis caudate, Prorocentrum Lima and Ceratium tripos in the production of oka-
daic acid were identified. The okadaic acid concentrations ranged from 59.8 + 2.38 to 121.96 + 28.25 ug/
kg, ranging from 0.85 to 83.59 + 38.72 for Domoic acid. Among the studied bivalves, Pinctada radiate
contained the maximum concentrations of measured toxins. For the first time at Hormozgan Province,
the consumption guidelines for domoic and okadaic acid were calculated. The human health risk as-
sessment showed that at present time, the algal consumers from Hormozgan province are not at risk of
domoic and okadaic acid toxins.
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INTRODUCTION

The seas are the main recipients of municipal and industrial wastewater containing organic and
inorganic chemical compounds effectual on the ecosystem of the sea to host phytoplankton,
which release marine toxins with health and environmental risk potential (Brown et al., 2020).
Domoic acid and okadaic acid are among the marine toxins. Domoic acid (DA) is among
neurotoxins and is classified in the amnesic shellfish poisoning (ASP) group. DA can cause
permanent short-term memory loss. This toxin is released from the phytoplankton Dinophysis
and Prorcentrum (Jeffery et al., 2004; Lefebvre & Robertson, 2010; Mattarozzi et al., 2019).
Okadaic acid (OA) is one of the dinophysistoxins which is classified in the diarrhoeic shellfish
poisoning (DSP) group. This toxin causes severe abdominal contractions and diarrhea, which
is also known to accelerate tumors. This toxin is released from Pseudo-nitzschia phytoplankton
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(Nguyen et al., 2017). Being able to accumulate in the food chain, phytoplankton toxins can
affect human health (Young et al., 2020). There are almost some reasons for the increase in
phytoplankton bloom records: enhancing scientific knowledge, larger usage of coastal waters,
climatic changes, and transferring toxic species through water balance (Estevez et al., 2019; Van
Dolah, 2000). In addition to human health threat, there is the probability of major financial
losses for marine-dependent industries such as desalination plants and aquaculture farms
(Takahashi, 2020).

Unfortunately, there are few studies on qualitative and quantitative analysis of toxins in
the Persian Gulf ecosystem and the Oman Sea, which are often associated with the blooms of
phytoplankton in 2008 (Hamzehei et al., 2012; Mortazavi

etal., 2015). The 2008 vast red tide in Persian Gulf and Oman Sea waters led to considerable
mortality in Hormozgan Province including benthic fish and other aquatics such as polychaeta,
sea cucumber, mollusks (gastropod and bivalves) and crustaceans (Hormozgan Fisheries
Department, 2009), after that, researchers looked into algae blooms in the Persian Gulf and
Oman Sea from different perspectives (Mirza Esmaeili et al., 2020a; Mirza Esmaeili et al.,
2020b). In recent decades, Hormozgan province, especially in its western parts has witnessed a
high volume of establishment and activation of industries. As a result, the economic growth has
been accompanied by higher urbanization rates. Thus, the waters of the Persian Gulf and the
Sea of Oman receive urban, industrial and agricultural effluents, which in some cases facilitate
the phenomenon of planktonic blooms by changing the stoichiometric ratio of nitrogen to
phosphorus (Polikarpov et al., 2020). The coastal waters of Bandar Abbas city is the main
receiving of wastewaters from industrial and urbanization activities in Hormozgan Province.

The present study aimed to determine the risk of human consumption due to phytoplankton
toxins okadaic acid and domoic acid in edible bivalves of Hormozgan province. We also
studied the role of urban effluents in the density of phytoplankton and identified the planktonic
producing of okadaic acid and domoic acid toxins in the coastal line of Bandar Abbas city.

MATERIALS AND METHODS

Qualitative and quantitative determination of phytoplankton density was performed at four
stations receiving the urban and industrial effluents, as well as the control area. The characterizes
and geographical coordinates of the sampling stations are represented in Fig.1.

The water samples were collected from surface layer in two seasons of winter 2018 and summer
2019 using Nansen bottle. The samples were fixed using Lugol solution and then transferred to
the laboratory for identification and counting (Al-Yamani, 2009).

1 to 3 kg of bivalve samples were manually collected from the coastal lines of Hormozgan
province, including Bandar Abbas city, Bandar-e-Lengeh and Minab in the west and east of
Hormozgan province, respectively, during the lowest tide time. The specifications of the collected
species, including the type of species (Bosch et al., 1995; Carpenter, 1998; Hosseinzadeh et al.,
2001; Abott & Dance, 2000), scientific names (WoRMS, 2020) and the collection locations, are
given in Table 1.

The collected samples were immediately stored in ice powder and transferred to the laboratory
and stored at -20 degrees centigrade until analysis.

After transferring the samples to the laboratory and 7-10 days of sedimentation, water was
poured on the siphon and then the concentrated sample of three harvests of one milliliter was
placed in Lam Sedgewick Rafter in order to identify and count phytoplankton. Cell-based
density was measured in liter, and then, using invert microscope and valid identification keys,
identification was made (Al-Kandari et al., 2009; Hoppenrah et al., 2009).

Preparation of bivalve samples for algal toxins analysis was performed based on the kit
manual and the instrumental analysis was based on Eliza test of indirect competition type
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Fig. 1. Geographical coordinates and characterizes of the sampling stations

Table 1. The specifications of the collected bivalves

Scientific name Local name Collection location
Saccostrea cucullata Sangi Bandar Abbas city
Family: Ostreidae & Bandar-e- Lengeh
1-Solen brevis Malalis / Moluk  Bandar Abbas & Minab

Family: Solenidae

Amiantis umbonella Kalang Bandar Abbas & Minab
Family: Veneridae

Pinctada radiate Mohar Saghir ~ Bandar-e- Lengeh
Family: Pteriidae
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Table 2. The used values to calculate the local guidelines

Clinical symptoms LOAEL UF
DA diarrhea 40 100
OA vomiting 1000 100

by using instrument BioTek-ELx 800 model. The kits used for domoic Acid with reference
number 5191DOMO and for okadaic acid with reference number 51910KA were purchased
from company Europroxima of the Netherlands. The absorbance (optical density) was read at a
wavelength of 450 nm.

The required information for data processing and risk assessment, such as human
consumption rate of bivalves and average weight of consumers, was obtained from Hormozgan
Fisheries Department. Initially, the amount of daily food exposure (DE) is obtained by Eq.1. The
dietary intake of the consumer (DI) is also calculated by Eq.2 (Duy et al., 2000).

Dietary Exposures (DE: pg/day) =Toxin concentrations in shellfish (ug/g) x daily consumption
(g/day) (1)

Dietary Intakes (DI: pg/day.kg) = DE( pg/day) / mean BW(kg) (2)

The next step is to calculate the tolerable daily intake (TDI) based on Eq.3. The uncertainty
factor includes the coefficients associated with estimating the chronic and short-term effects of
toxin and other effective parameters which varies from 1 to 1000 values (Duy et al., 2000).

TDI (Tolerable Daily Intake) = LOAEL(Lowest Observable Adverse Effect Level) / UF
(Uncertainty Factor) (3)

Also, the guide value (GV) is determined based on Eq. 4 and using the previously calculated
quantities such as TDI, BW and the daily consumption of bivalves in kilograms per day.

GV (Guideline Value) = (TDI*BW) + P/ C (4)

In the last step, the calculated GV and TDI for Hormozgan province are compared with the
consumer’s dietary intake. In the present study to calculate the local guidelines, both LOAEL
and UF parameters are extracted from the articles (Takahashi, 2007), and the considered clinical
symptoms are described in Table 2. The average weight of each consumer was 70 kg (Mohebbi-
Nozar et al., 2014) and the consumption rate of bivalves in Hormozgan province was 117 gr/year
(Hormozgan Fisheries Department, 2009).

SPSS software was used for statistical analysis and due to the non-normal distribution of
data, the nonparametric Crosscalice Test of Wallis was run to compare data related to temporal
and spatial distribution of toxin values. The concentration distribution of toxins among the
studied species was compared by using of Anova (Tukey) Test.

RESULTS AND DISCUSSION

The results of qualitative and quantitative identification of phytoplankton in studied stations
have been shown in Table 3.
The qualitative and quantitative identification of phytoplankton in the winter of 2018 are
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Table 3. The Phytoplankton identified in the present study

Scientific Name . Toxin
winter summer .
production

Bacillariophyceae Amphiprora sp.
Amphora crassa

Asteromphelus sp.

Bacillaria paxillifer

Bellerochea malleus

+ + + +

]
+

Campylodiscus neofastuosus
Chaetoceros brevis
Chaetoceros compressus
Chaetoceros didymus
Chaetoceros Lorenzianus
Climacodium frauenfeldianum
Coscinodiscus wailesii
Cylindrotheca closterium
Cymbella sp.
Diploneis didyma
Eucampia zodiacus
Guinardia flaccida

+ + + + + + + + + + + + o+
1

Gyrosigma acuminatum
Hemiaulus indicus

+

Hemiaulus membranaceus
Hemiaulus sinensis
Lauderia annulata

+ 4+ + 4+

Leptocylindrus danicus
Lithodesmium undulatum -
Lithodesmum sp.

+ +

Meridion sp.
Navicula directa

Navicula membranacea

1
+ + o+

Navicula spl
Navicula sp2
Nitzschia longissima
Nitzschia sigma
Odontella sinensis
Pleurosigma elongatum
Proboscia alata
Pseudo-nitzschia delicatissima - ASP
Pseudonitzschia longissima
- ASP

+ ASP

Pseudo-nitzschia pungens
Pseudo-nitzschia seriata
Rhizosolenia clevei
Rhizosolenia setigera
Skeletonema costatum
Streptotheca indicus
Thalassionema nitzschioides

+ 4+ + + + o+ o+ o+ +
1

Thalassionema frauenfeldii

]
+

Thalassiothrix longissima

]
+

Triceratium favus




939 Mohebbi-Nozar et al.

Table 3 (continued). The Phytoplankton identified in the present study

o . Toxin
Scientific Name winter summer .
production
Dinophyceae Akashiwo sp. / Akashiwo sanguinea - +
Alexandrium Catenella - +
Dinophysis caudata - + DSP
Gymnodinium catenatum + -
Gymnodinium spl + -
Gymnodinium sp2 + +
Peridinium quadridentatum + -
Pronoctiluca pelagica + -
Pyrophacus horologium + -
Prorocentrum gracile + +
Prorocentrum lima + - DSP
Prorocentrum micans + +
Prorocentrum sigmoides + -
Protoperidinium bipes + -
Protoperidinium divergens + -
Protoperidinium pellucidum - +
Protoperidinium quinquecorne +
Pyrodinium bahamense + +
Scrippsiella acuminata + +
Tripos furca +
Tripos fusus + -
Tripos macroceros + -
Tripos muelleri - +
Cyanophycea Trichodesmium erythraeum + -
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Fig. 2. Phytoplankton densities (cell/liter) in sampling stations (winter of 2018)

represented in Fig.2.
During this time, 65 species were identified and their densities determined. So that
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Fig.3. Phytoplankton densities (cell/liter) in sampling stations (summer of 2019)

Bacillariophyceae with 46 species, Dinophyceae with 18 species and Cyanophysis with one
species were present. Among the species belonging to Bacillariophyceae, species Coscinodiscus
wailesii with 82% had the maximum density. From Dinophyceae, Prorocentrum micans with
27.7, Prorocentrum gracile with 22.2 and Prophacus horologium with 10.3 percentage can be
named. From Cyanophysis, Trichodesmium earythum was identified.

The obtained results from qualitative and quantitative study of phytoplankton in sampling
stations in the summer of 2019 are displayed in Fig.3. During the study period, phytoplankton
species were identified and densities were determined: Bacillariophyceae with 23 species and
Dinophyceae with 13 species were recorded. Among the species belonging to Bacillaryophysis,
the species Leptocylindrus danicus with 97 percentage had a higher frequency than others but
the Dinoflagelles were contained of Protoperidinium quienqurium with 98.9 percentage as the
dominance species. The variety of identified phytoplankton species in winter was greater than
that in summer.

As Fig. 1 shows Dinophyceae density had experienced changes in winter in sampling stations
from minimum 2420 cell per liter in control station to maximum 13600 cell per liter in the waters
facing the Gursuzan Estuary entrance. Also, the high value of 13440 cell per liter was recorded
at Fishery Estuary. Moreover, Fig. 2 shows that these stations had the highest summer densities
with 788963 and 123100 at Fishery and Gursuzan Estuary, respectively. The high density of
Dinophyceae in the waters facing the urban wastewater is probably due to the reception of high
concentration of nitrogen and phosphorus compounds in this way. Also, in Kuwait coastal
waters the composition of phytoplankton blooms has been related to stoichiometric ratio of
inorganic nitrogen and phosphorus (polikarpov et al., 2020).

Among the Dinophyceae in the summer, Protoperidinium quienqurium in the stations of
Fishery and Gursuzan Estuary had the highest density and reached to 787500 and 120000 cell
per liter, respectively.

In summer season, at stations facing the urban wastewater, including Fishery, HotelAmin
and Gursuzan Estuaries, Dinophysis caudate was observed with 675, 625 and 600 cell per liter,
respectively. But it had not been seen at control station, as well as at the Bahman Harbour
station, which is farther from the coastline than at other stations. Thus, it can be concluded that
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Table 4. Planktonic producers of DA and OA (Hallegraeff et al., 2003; Omura et al., 2012)

DA producer

OA producer

Amphora coffeaeformis
Nitzchia navis-varingica
Pseudo-nitzchia australis

Pseudo-nitzchia calliantha
Pseudo-nitzchia cuspidata
Pseudo-nitzchia delicatissima
Pseudo-nitzchia fraudulenta
Pseudo-nitzchia galaxiae
Pseudo-nitzchia multiseries
Pseudo-nitzchia multistriata
Pseudo-nitzchia pseudodelicatissima
Pseudo-nitzchia pungens

Dinophysis acuminata
Dinophysis acuta
Dinophysis caudata
Dinophysis fortii
Dinophysis miles
Dinophysis mitra
Dinophysis norvegica
Dinophysis rapa
Dinophysis rotundata
Dinophysis tripos
Dinophysis polyyedrum
Dinophysis reticulatum

Pseudo-nitzchia seriata Prorocentrum lima

Pseudo-nitzchia turgidula

during the present study, okadaic acid has been produced by Dinophysis caudate in the coastal
waters of Bandar Abbas city in summer. In the winter season, Prorocentrum lima were identified
with densities 1600, 360 and 200 cell/liter at Bahman Harbour, Fishery and Gursuzan stations,
respectively. It is possible to conclude that Prorocentrum lima is the main producer of okadoic
acid in the coastal waters of Bandar Abbas in winter.

Like dinophyceaes, change of Bacillariophyceae densities follows the similar pattern and in
summer it had a higher total density than winter and the highest densities were observed at
Fishery and Gursuzan Estuary stations. Among Bacillariophyceae in the summer, the maximum
density was recorded for Leptocylindrus danicus with values of 675000 and 300000 cell per liter at
Fishery and Gursuzan Estuary stations, respectively. In winter, Bacillariophyceae have a greater
variety of species than in summer, and the dominant species was Coscinodiscus wailesii with the
maximum density 2364000 cell per liter at Gursuzan Estuary stations.

Identified phytoplankton species had also included species capable of producing DA and
OA toxins. These species included Pseudonitzschia delicatissima, Nitzschia punges and Nitzschia
seriata in the production of domoic acid and species Dinophysis caudate, Prorocentrum Lima
and Ceratium tripos in the production of okadaic acid in coastal Bandar Abbas city.

Pseudonitzschia delicatissima as domoic acid producer in the coastal waters of Bandar Abbas,
was recorded with 480 and 1280 cell per liter at HotelAmin and Gursuzan Estuary stations,
respectively.

The similar results have been reported for OA and DA producers by other researchers (Table
4). The main producers of OA are often from Dinophsis, while the main producer of DA is
Pseudo-nitzschia (Hallegraeff et al., 2003; Omura et al., 2012).

The data obtained from algal toxin measurement in the bivalves samples collected from
Bandar Abbas, Bandar-e Lengeh and Minab have been illustrated in Table 5.

The highest concentration of domoic acid toxin was observed in summer in Pradiata collected
from Bandar Lengeh area, and the lowest value was related to S.cucullata with the value of 0.85
ng/kg which was also from Bandar-e Lengeh area during summer. Measured concentrations of
domoic acid toxin showed significant difference between summer and winter (P <0.050), higher
in summer with average 36.12 ug/kg. However, in terms of spatial distribution, this toxin did not
have a significant difference between studied areas.

On the other hand, regardless of the area and time of sampling, the distribution of DA toxin
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Table 5. Domoic acid and okadaic acid concentrations in collected bivalves
. L Domoic acid Okadaic acid
. Sampling Scientific : :
Location Average Maximum Average Maximum
Season Name
(ng/kg) (ng/kg) (ng/kg) (ng/kg)
Bandar Summer A.umbonella  66.84 + 52.94 104.27 73.24 +11.13 80.98
Abbas S.brevis 14.30 £9.21 19.94 73.77 £ 18.64 94.88
Winter A.umbonella 28.52 + 12 37.04 73.01 +7.37 78.25
S.brevis 16.45+7.10 24.42 64.96 + 9.69 75.97
S.cucullata 34.16 £ 1591 52.14 78.71 £4.18 82.35
Bandar-e Summer P.radiata 83.59 + 38.72 122.32 121.96 + 28.25 141.56
Lengeh Winter S.cucullata 0.85+0 0.85 70.89 £12.76 78.48
Minab Summer A.umbonella 38.26 £ 6.73 43.68 73.92 £29.8 83.49
Winter S.brevis 23.43 £12.91 32.56 65.80 + 12.88 80.30
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Fig.4. Domoic acid (=) and okadaic acid (e) concentrations (ug/kg) in collected bivalves

was also studied based on the bivalve species, the result of which has been shown in Fig. 4.
Bivalve Pradiata with an average of 83.59 ug/kg wet weight had the highest concentration of DA,
while C.callipyga with a large difference has the lowest amount of DA toxin accumulation in its
tissue. Statistical analysis showed that, after Pradiata, bivalve A.umbonella had a significantly (P
<0.05) higher concentration of DA toxin (Fig.4).

Also, Table 5 shows the measured concentrations of okadaic acid in the collected bivalve
samples. Pradiata collected from Bandar-e Lengeh area showed the highest mean of 121.96 +
28.25 pg/kg wet weight and also contained the highest measured concentration of OA. Other
concentrations measured in bivalves collected from different locations and times did not have



943 Mohebbi-Nozar et al.

Table 6. Relation of clinical symptoms with OA and DA levels in body weight of consumers

Okadaic acid Domoic acid
Toxin Clinical Toxin L.
. Reference . Clinical symptoms  Reference
concentration symptoms concentration
. . " Perl et al.,
48 ug/60kg Mild diarrhea Lee et al., 1987 1100 pg/kg Nausea, vomiting 1990
Confusion/disorient
40 ug/60kg diarrhea Ramstad et al., 2001 2900 pg/kg on uSlOtI.l/ woren Todd, 1993
ation
Y to et al., P t
80-280 ug/kg  Severe diarrhea asamoetoeta 4200 pg/kg ermanen Todd, 1993
1987 neuronal damage
Profused Val & Sampayo, 2.04 Present
320 pg/kg .
diarrhea 2002 1g/60 kg study
2.36 pg /60 kg Present study

a severe dispersal of toxin accumulation and fluctuated in the range of 59.80 + 2.38 to 85.16 +
8.27 pg/kg.

Measured concentrations of OA in both summer and winter did not show a significant
difference (P <0.05). In terms of spatial distribution, OA has a significant difference between
Bandar Abbas and Bandar-e Lengeh (P <0.05), and Bandar-e Lengeh with an average of 89.42
ng/kg had a higher concentration of this toxin.

The maximum recorded toxin concentration occurred in bivalves Pradiata (Fig.4); also, in
terms of statistical tests, other bivalves did not show a significant difference in the accumulation
of OA in their tissues (P <0.05).

While the concentration of okadaic acid in both summer and winter did not show a significant
difference, the difference was significantly higher for domoic acid (P <0.05) in summer. A similar
study on the coast of Australia has pointed to the significant role of temperature in summer on
the high concentration of domoic acid toxin (Takahashi, 2007). An increase in temperature can
play a role in influencing the density of phytoplankton species producing toxins. However, due to
the limited data available in the present study and the lack of knowledge about the concentration
of toxin in phytoplankton in the studied area, it was impossible to investigate such a relationship.

The spatial distribution of the okadoic toxin showed a significant difference between
the collected locations of bivalves. The bivalves of the Bandar-e Lengeh region had higher
concentrations of the okadaic acid. Since the bivalves collected from different locations inevitably
varied, it seems that the significant difference between locations and even seasons depends on
the type of bivalves.

Based to this view, A.umbonella and Pradiata had a significantly higher concentration of
DA toxin (P <0.05). For OA, the maximum recorded concentration was related to Pradiata and
according to the results of statistical tests, other bivalves did not show a significant difference in
toxin OA accumulation in their tissues (P <0.05). A key factor determining the amount of toxin
concentration in tissue is aquatic nutritional behavior (Contreras et al., 2012). Pradiata is one of
the bivalves that feeds on the water column, which can help absorb more toxins and accumulate
in its soft tissue which known as a good biomonitoring (Mohammad Karami et al., 2014).

In order to assessment the health risk of measured biotoxines, two methods have been used.
First, the clinical guidelines are interested indicators to assess the human health risk. In this
regard, for the toxins of domoic acid and okadaic acid, concentrations of toxin that cause certain
clinical symptoms have been shown in Table 6.

Compared to the concentrations of toxins that cause clinical symptoms, the obtained
maximum values (2.36 pg /60 kg for OA and 2.04 pg/60 kg for DA) indicate that there is no
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Table 7. Human dietary intake and dietary exposures of OA and DA

OA DA
Scientific name DI Calculated local DI Calculated local
(ng/day.kg) GV (ug/day.kg) GV
A.umbonella 0.00031 2333333 0.00002 93333
S.brevis 0.00029 0.00007
S.cucullata 0.00032 0.00011
P.radiata 0.0005 0.00036

Table 8. The Guidance values for okadaic acid

Toxin concentration Country Reference
0.8 ug/g Ireland Carmody et al., 1996
5MU Most of countries Fernandez, 2000
24 ug/100g Maximum tolerable level Stabell et al.,1992
20 pg/100g Canada Anderson et.al,2001
12.2 +2.8 pg/100g Iran Present study
14.1 ug/100g Iran Present study

risk of clinical symptoms of OA and DA in Hormozgan province through the consumption of
bivalves.

Second, estimating and assessing the risk of harmful chemicals from aquatics consumption
depends on parameters such as consumption rate, average weight of human consumers, the type
of possible disease (Takahashi, 2007). Therefore, in assessing the risk of algae toxins, it is common
to determine local guideline values based on regional information. Accordingly, for the first
time, these values have been calculated for consumers of Hormozgan province. The obtained
values of dietary intake of measured toxins for Hormozgan people through consumption of
bivalves were compared with calculated local GVs (Table 7). AS shown, the daily amount of OA
and DA received by Hormozgan consumers is significantly less than the local GVs and there is
currently no human risk of algae toxins.

In Iran, the most researches are focused on the environmental risk assessment aspect of
marine toxins (Gholami et al., 2019; Mirza Esmaeili et al., 2020). But, many of countries have a
protocol on how to monitor toxin concentrations in marine ecosystems to prevent poisoning by
algae toxins. Monitoring of domoic acid and okadaic acid for two decades in Portugal showed
that the level of domoic acid is mostly below the regulatory limit, whereas, the toxicity of okadaic
acid toxin in bivalves from estuaries was considerable (Mattarozzi et al., 2019; Paredes et al.,
2011; Vale et al., 2008).

The guidance values in bivalve’s oral tissue for okadaic acid have been given in Table 8. These
values vary from country to country, but do not exceed 200 ng/g of edible tissue (Quiliam
& Wright, 1995). The detected values in present study showed that Pradiata has an average
concentration of 12.2 + 2.8 pg per 100 grams of okadaic acid. The maximum observed
concentration was 14.1 ug per 100 grams, which is less than the maximum tolerable amount of
this toxin and also less than the allowable amount in Canada.

The average toxin in the body of patients suffering from nausea and vomiting has been
measured with an HPLC device and showed a dose of 1.1 mg/kg body weight of DO. The
allowable amount of this toxin for human consumption is 20 micrograms per gram of bivalve.
Our results showed that P. radiata has an average concentration of 0.083 pg/g of domoic acid
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and the maximum concentration recorded was 0.122 pg/g which less than the allowable amount
of this toxin for human consumption.

CONCLUSION

The consumption of bivalves is common in the city of Bandar Abbas and the west of Hormozgan
province. Despite that, no research has ever been carried out to monitor the status of algae toxins
in the province’s edible bivalves with emphasis on the assessing the health of consumers. The
present study showed that from the point of view of ecological health and the creation of basic
data in the marine ecosystem of Hormozgan province, the concentration of domoic acid and
okadaic acid toxins in the studied samples are significant. The contamination risk of these toxins
for Hormozgan province is currently insignificant. However the updating the information,
especially about bivalve consumption rate is necessary.
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