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Abstract

To investigate the seasonal contamination levetk tanevaluate the potential human health risks,teavy
metals (As, Cd, Co, Cr, Cu, Mn, Ni, Pb, Se, and #a)je measured in ten different marine fish spefcara the
Bay of Bengal during four seasons. The metal camagons varied significantlyp(< 0.05) among the fish
species with maximum and minimum accumulation of(Z6.47 pg/g) and Cd (0.25 pg/g), respectively. The
fishes captured during summer accumulated highesuamof metals relative to other seasons attribtited
washing down the agricultural waste, sewage water sludge by heavy rainfall and floods. According t
estimated daily intake (EDI), target hazard quati€FHQ), total target hazard quotient (TTHQ), arkeb t
permissible safety limits prescribed by various raiges, consumption of the examined fishes should be
considered as safe for human health. However, stimation of carcinogenic risk (CR > $0due to exposure

to arsenic indicated that consumers remain atofisiancer.

Keywords. Fish; Bay of Bengal; Seasonal fluctuations of hemastals; Carcinogenic and non-carcinogenic

human health risk.
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1. Introduction

Aquatic environments worldwide are being heaviljlyged by various contaminants, such as heavy metal
(Rahman, Molla, Saha, & Rahman, 2012; and referdmain), polycyclic aromatic hydrocarbons (PAK¥)

Li, Li, Ma, Song, Zhou, Han, et al., 2015; and refece therein), polychlorinated biphenyls (PCBg)a@y, Li,
Wang, Zhang, Zhang, Zhang, et al., 2014, Hossetnal., 2008; and reference therein) with rapidnecoic
development and population growth. Pollution frome theavy metals (e.g., Cd, Cr, Pb etc.) has be@me
serious issue due to their stable, persistent,nambiodegradable nature (Saha & Zaman, 2013). Ahdhe
metals are naturally occurring constituents in émwironment, their concentrations can be exacedbhte
anthropogenic activities such as rapid indust@ion and urbanization, massive land use changés an
associated enhanced terrestrial runoff (RahmanjaM8iaha, & Rahman, 2012). Another important sowfce
anthropogenic pollution in Chittagong coastal amangladesh is ship breaking activities began sit@2#9.
Various refuse and disposable materials are beisghdrged and spilled from scrapped ships, anc aftt
mixed with the beach soil and sea water. Undeageronditions, the heavy metals can be bioaccuenlla
agquatic organisms (e.g., fish) from the surroundingironments and/or bioamplified to hazardous lkevéa
dietary exposure. Subsequently, these contamimaigisate to human body through diet and resultsarous
adverse health effects such as impaired kidneytifumcpoor reproductive capacity, liver damage ns&nd
bladder cancer, and even death (Wei, Zhang, Zhang& Luo, 2014). However, there are some essehéaly
metals, such as Fe, Zn, and Cu required for batlatamjorganisms and human body. But prolonged axga®
the excess level of these metals could be toxicch®rtontrary, there are some nonessential toxtalsisuch as
As, Cd, and Pb with no known potential benefitsgdruman being (Wei, Zhang, Zhang, Tu, & Luo, 2014)
Food consumption is the main pathway (accountimg>f®0%) for human exposure to heavy metals contpare
to other routes such as inhalation and dermal cendamong various foodstuffs, fish is widely consegrand a
main source of nutrition in many coastal communitié contributes to a healthy diet by providingtrivalue
amino acids and nutrients and is an excellent soafeessential omega-3 fatty acids. Although fistighly
nutritious, higher consumption rate can have sigaift deleterious effects on human health becadise o
bioaccumulated toxic metals beyond the safe linfits.date, the balance between benefits and riskban
poorly known. However, fishes are often treatedh@smost suitable bioindicator of aquatic ecosyssimee
they occupy high trophic level (Rahman, Molla, Satadkahman, 2012). Many researchers globally hasden
efforts to determine the concentrations of heavyaigein fishes to investigate the eco-environmeantd

potential health risks to the consumers (Ahmedh&ea, Islam, Habibullah-al-Mamun, Islam, Mohiduzaam



45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

et al., 2015; Copat, Arena, Fiore, Ledda, FallBoiacca, et al., 2013; P. Li, Zhang, Xie, Liu, lgaRen, et al.,
2015; Mendil, Demirci, Tuzen, & Soylak, 2010; Sa&h@aman, 2013; Wei, Zhang, Zhang, Tu, & Luo, 2014).
In recent years, the quantification of risk hasdmee important due to the fact that exceedanceocoimenended
levels of contaminants prescribed by various raguyabodies does not always represent a risk ferhiiman
health. The target hazard quotient (THQ) and/aaltzrget hazard quotient (TTHQ) set by US Envirental
Protection Agency (USEPA, 2000) are commonly ugsedvaluate the potential non-carcinogenic heakksri
associated with variety of metals through fish econgtion (Copat, et al., 2013; Saha & Zaman, 20U3EPA
also provided cancer slope factor for arsenic etemnine the carcinogenic risk (CR) over a lifetiexgposure to
arsenic.

Bangladesh is one of the coastal countries of thg & Bengal, where 37 to 38 million peoples livethe
coastal zone. The country is located betwe€84£0o 2638" north latitude and 881" to 9242 east longitude.
Fisheries resources play a vital role in the econofmBangladesh (4.57% of GDP in 2008-09) and ithis
second most important source of the foreign exchaagnings (5.71%). The national and internatideahand
of Bangladeshi fishes is increasing gradually. RégeCBI (CBI, 2012) reported that in the periol2902-
2011, import of marine fishes by the European Ur{leld) has been increased from US$ 150 m to US$n360
Thus, the concentrations of heavy metals in théosdadeserves farther investigation not only faitipotential
ecological impacts but also due to the health rigkshe people in Bangladesh and other importenttes.

The objectives of this study are (i) to report ba fluctuation of concentrations of heavy metals,(&d, Co,
Cr, Cu, Mn, Ni, Pb, Se, and Zn) in fishes captufieon Chittagong coastal zone with respect to season
variation, and (ii) to quantify the non-carcinogerind carcinogenic human health risks associatétd thvese

metals.

2. Materialsand M ethods

2.1. Sample collection and preservation

Ten fish species dfates calcarifer (Bhetki), Pangasius pangasius (Pangas)Polynemus indicus (Lakhua),
Ilisha megaloptera (Choukya), Arius cruciger (Rita), Pampus chinensis (Rupchanda)Setipinna phasa (Phasa),
Scomberomorus guttatum (Maitya), Cirrhina reba (Beta) and Arius arius (Kata mach) were procured from
fishermen while they were fishing nearshore site€ox’s Bazar, Chittagong (Fig. 1) during sprisgmmer,

autumn and winter. Samples were collected in tgié and in total, 120 individuals (i.e., 30 samaple each
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season) representing 10 different species wereatell. Immediately after collection, fishes wereshed with
fresh water to remove the mud or other fouling tarses, and were wrapped in polyethylene bagsatsport
into the analytical chemistry laboratory of Inst#wof Nuclear Science and Technology, Bangladesimit
Energy Commission (BAEC). After transportation tee tlaboratory, the muscle tissue of each sample was
removed and chopped into pieces with the aid ¢éans cleaned stainless steel knife. The samples thren air
dried to remove the extra water and subsequentigndried to a constant weight. Finally, the driednhples

were ground, sieved, and stored in clean and dtiglat plastic vials inside desiccators for sucéegdises.

2.2. Sample Digestion

For metal analysis, 0.5 g of each powdered sample digested with 2.5 ml of conc,%$0, and 4.0 ml
conc. HNQ. When initial vigorous reaction subsided, the mnigtwas heated slowly on an oil bath by the
addition of 3/4 drops of }D,. This step was repeated till the solution becalearc Subsequently, the solution
was heated for additional 20 min. at about 150 i€ allowed to cool to room temperature. The digkith
sample was then diluted to a total volume of 50with double distilled water. Thereafter, the ditliteolution

was filtered and stored in 50-ml polypropylene &ibe

2.3. Analytical methods and quality control

The concentration of Cd, Co, Cr, Cu, Mn, Ni, Pbd afn in digested solutions was analyzed by atomic
absorption spectrophotometer (AAS) (Model AA-6888jmadzu Corporation, Japan) using air-acetylearad!
with digital read out system. However, hydride viagenerators (HVG) were used along with the flanfSA
(FAAS) systems to determine As and Se concentrati®dhe instrument calibration standards were made b
diluting standards (1000 mg/l) supplied by Wakoe@hemical Industry Ltd., Japan.
The accuracy of the method was evaluated by amagjyianks and a certified reference material MA-Kigh-
flesh standard from International Atomic Energy Agg (IAEA), Vienna) by the same procedure usedfifdr
samples. Mean recoveries of the analyzed metals b&tiween 95-104 %, indicating a good agreementelaet

the certified and measured values (Table S1).

2.4. Satigtical analysis
ANOVA test was conducted to investigate the efteadifferent fish species and seasons on the vamia

metal concentrations. In order to quantify the eeakeffects on the variability of metals, regreasanalyses



105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

were performed using dummy variables for the semdavinter as reference). In all cases, the level of
significance was set at a 95 % (ie.= 0.05). The data were analyzed statistically gisBM-SPSS Statistics

(Version 21) for windows (IBM, USA).

2.5. Human health risk assessment

2.5.1. Estimated daily intake (EDI)
The estimated daily intake (EDI) for each analyhedvy metal was calculated in the following wayh&a

& Zaman, 2013):

_ EpxEp xFg xC; xC
Wpg xTa

EDI m %1073 (i)

Where E is the exposure frequency (365 days/yeag)isBEhe exposure duration, equivalent to an aveliége
time of the Bangladeshi (i.e., 60 yearsyif the ingestion rate (g/person/day) of fish tissSiee fish production
in Bangladesh was unable to keep patch with higiuladion growth and as a result, per capita consiommof
fish was decreased from 33 g in 1963-64 to 2015 1PB9-90 against the recommended level of 38 gagita
per day. Recently, the per capita fish consumptiag increased to 26 g (M. M. Hossain, 2010) and uséhe
EDI calculations. ds the conversion factor {& 0.208) to convert fresh weight to dry weight sidering 79%
of moisture content of the fish fillet (Rahman, MglSaha, & Rahman, 2012),,& the metal concentration in
fish fillet (ug/g - dry weight basis). Since moss Aoresent in foodstuffs as less harmful organim& the EDI
for this metal was calculated assuming 3 % toxarganic As in total (Copat, et al., 2013; P. Liaét 2015).
W g is the average body weight of an adult (60 kgl & (equal to E x Ep) is the average exposure time for

non-carcinogens (Saha & Zaman, 2013).

2.5.2. Non-carcinogenic risk

The target hazard quotient (THQ), which is usedxpress the risk of non-carcinogenic effects, ésrtio
between the estimated exposure (EDI) and the efatence dose (RfD, mg/kg bw/day) (USEPA, 2000k Th
RfD represents an estimate of the daily exposunehizch the human population may be continually esqab
over a lifetime without an appreciable risk of detous effects. The RfDs are based on 0.0003,10.00003,
1.5, 0.04, 0.14, 0.02, 0.004, 0.005, and 0.3 (mbikéday) for As (inorganic), Cd, Co, Cr, Cu, Mn,,¥b, Se

and Zn, respectively. The THQ was calculated baseithe following equation (USEPA, 2000):
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_EDI )
THQ= 2D (ii)

If the THQ value is less than 1, the exposed pdjmuashould not experience any adverse health Hazar
Conversely, the receptors of concern may experiencecarcinogenic health risks if the THQ is equaWith
an increasing probability as the value increasés. method for the determination of THQ was provided S
EPA Region lll risk-based concentration table (UBEP0O00). The THQ calculations were made basechen t
facts that the ingestion dose is equal to the #&esbrcontaminant dose, cooking has no effect on the
contaminants (USEPA, 1989) and average body weigaih adult is 60 kg (Saha & Zaman, 2013).

It has been reported that exposure to two or moletants may result in additive and/or interacteféects.
Thus, in this study, cumulative health risk wasleated by summing of the individual metal THQ vahlued

expressed as total THQ (TTHQ) (also called hazadex, HI) as follows:
TTHQ = THQ (toxicantl) + THQ (toxicant2) + =~~~ + THQ (toxicantn) (iii)

The greater the value of TTHQ the greater the levedoncern. The TTHQ value above 1 generally iatis
the potential for adverse human health effects smggests the need for undertaking a farther level o

investigation or possibly remedial action.

2.5.3. Carcinogenic risk

Carcinogenic risk (CR) indicates the incrementalbability of an individual developing cancer over a
lifetime due to exposure to a potential carcinogelre cancer risk over a lifetime exposure to As olisined
using cancer slope factor (CSF), provided by USEBSEPA, 2000). The equation used for estimating the

cancer risk is as follow (USEPA, 2000):
CR=CSKEDI (iv)

Where CSF is the carcinogenic slope factor of h§/kg/day)* set by USEPA only for inorganic As. EDI is the
estimated daily intake of heavy metals. The act@ptifetime carcinogenic risk considered by USEBAC®

(risk of developing cancer over a human lifetimé is 100000) and applied in this study.

3. Reault

3.1. Levels of metals accumulation in fish fillets



161 Mean concentrations and standard deviations ofcis,Co, Cr, Cu, Mn, Ni, Pb, Se, and Zn obtainethi:
162 edible portions of ten fish species during sprexgnmer, autumn, and winter are presented in Tabl@lSo see
163  Fig. 2). Although some investigators prefer to deiee heavy metals in liver, kidney, and gills, twesent
164  investigation was carried out on the edible fle§lthe marine fish species, because the dietaryt ludlthe
165 people of Bangladesh excludes other parts of fur. results revealed that the ranking order of mmatal
166  concentrations were, Zn (46.47) > Mn (10.61) > 621) > Ni (4.85) > Pb (3.57) > Cr (3.06) > As @7 Se
167 (2.66) > Co (0.38) > Cd (0.25) (mean concentratjogg - dry weight basis). The heavy metal conedioins
168 detected in this study were also compared withrgihiblished data in Fig. 3 as an effort to deteenthre degree

169 of contamination in the present study area.

170
171 311 As
172 Arsenic is ubiquitous and a potential toxic tracetahin the environment and it originates from btith

173  natural and anthropogenic processes. It has beemntee by US Food and Drug Administration (USFDAatt
174  fish and other seafood account for 90% of total &mmxposure to As (USFDA, 1993). In this study,htghest
175 concentration (4.43 pg/g) of As was foundSmnguttatus during summer, while the lowest concentration §1.1
176  pog/g) was in_. calcarifer during winter season (Table S2). The maximum pgechiconcentration of As set by
177  Australia New Zealand Food Standards Code is 2/6 qug a wet weight basis, i.e., 9.6 ug/g on a dey basis
178 assuming 79% of moisture content in fish muscleN4{PA, 2011). As a criterion for human health prdi@a,
179 USEPA has set arsenic tissue residues of 1.3 puy/g wet weight basis, i.e., 6.24 ug/g on a dry bagis
180 (Burger & Gochfeld, 2005). Thus, the concentratiarisAs recorded in this study were well below the
181 recommended values by ANZFA and USEPA. In additiéig, 3 shows that our values were in good agreémen
182  with the As levels found in fishes from the BayB#ngal (Sharif, Alamgir, Krishnamoorthy, & Mustafe093),
183 the Paira River (Islam, Ahmed, Raknuzzaman, HaldheAl-Mamun, & Masunaga, 2015), the Bangshi River

184 (Rahman, Molla, Saha, & Rahman, 2012) and varioarkets throughout Bangladesh (Ahmed, et al., 2015)

185
186 3.1.2.Cd
187 Cadmium is a nonessential element that causesestéwdc effects even at a concentration of ~ 1 pli#g

188  accumulation in the human body may lead to the weoge of renal, pulmonary, hepatic, skeletal, sdpctive
189 effects and even cancer (Ahmed, et al., 2015).higleest (0.47 pg/g) and lowest (0.02 pg/g) conedioins of

190 Cd were found irP. indicus andP. chinensis, respectively (Table S2). Maximum Cd level peredtby Spanish
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legislation is 1.0 pug/g. Australian National Headild Medical Research Council (ANHMRC) standardGar

in seafood is 2.0 pg/g while Western Australian huities has proposed concentration of 5.5 ug/gddr
(Plaskett & Potter, 1979). Our Cd results, howevezre below the standard limits. The measured ni&n
concentration (0.25 pg/g) was similar to the mealoes found in fishes from the Bay of Bengal (MH8ssain

& Khan, 2001), the Paira River (Islam, Ahmed, Rat@aman, Habibullah-Al-Mamun, & Masunaga, 2015) and
the Bangshi River (Rahman, Molla, Saha, & Rahmai 2 (Fig. 3). However, mean Cd concentration
measured by Sharif, Alamgir, Mustafa, Hossain, Andn (1993), Sharif, Mustafa, Amin, and Safiullat9@3),
and Ahmed, et al. (2015) were lower than our mealney while Ahmad, Islam, Rahman, Haque, and Islam
(2010) found higher mean value relative to usshdis from the Buriganga River which is highly patlidue to

municipal sewage discharge (Fig. 3).

3.1.3.Co

Cobalt is an essential transition element in mdisimoof many different organisms. Muscle is the msite
of accumulation of Co in fish, and the accumulatedcentration is low, perhaps due to its highen#yf with
organic matter in the water column (Andreji, Stiandassanyi, & Valent, 2005). Muscular contentsGaf in
this study were also low with the highest recorgatlie of 0.56 pg/g ifP. indicus and the lowest value (0.21

Kng/g) inC. reba (Table S2). Unfortunately, the safe level for Cdigh is not defined.

3.14.Cr

The presence of Cr in the diet is essential dutstactive involvement in insulin function and lipmetabolism
(Ahmed, et al.,, 2015). According to Western Ausaral Food and Drug regulations, the recommended
maximum permitted value of Cr is 5.5 pg/g (PlaskeRotter, 1979). In this stud. cruciger accumulated the
highest amount (4.66 pg/g) of Cr during summer,levi reba accumulated the lowest amount (1.27 ug/g)
during winter (Table S2). A comparison of Cr acclation in fishes from various regions of Bangladésh

presented in Fig. 3.

3.15.Cu
Copper (Cu) is an essential element due to itsepeesin several enzymes and its necessity for hietiog
synthesis (Sivaperumal, Sankar, & Nair, 2007). Haawe very high levels of Cu can cause acute toxicit

Human deaths have been known to occur from delibergestion of large quantities of copper sulfate.
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Different regulatory body established a safe lifoit Cu concentration. For instance, ANHMRC and FAO
prescribed permissible limit of 30 pg/g on a wetighé basis (Bebbington, Mackay, & Chvojka, 1977).
According to UK Food Standards Committee Report,l&uels in food should not exceed 20 pg/g on a wet
weight basis (Cronin, Davies, Newton, Pirie, Togpi& Swan, 1998). Australian Food Standard Code
established maximum concentration for Cu at 10 (g/gt weight basis). There is also legislation theo
countries regulating maximum metal concentratioor. €&ample, Spanish legislation proposed the lav&l0
ung/g (wet weight basis). Our recorded maximum v&8i84 g/g) in. megaloptera during summer was lower
than the recommended concentrations by variousoatiés and the variability of Cu concentrationssvadso

similar to other published studies (Fig. 3).

3.1.6. Mn

Manganese is an essential element and its deficiemght lead to severe skeletal and reproductive
abnormalities in mammals (Ahmed, et al., 2015).mMé&ximum limit is specified for Mn in fish samplda.this
study, the highest (17.80 pg/g) Mn content was doA. cruciger during summer and the lowest (3.63 pg/g)
was inP. pangasius during winter (Table S2). Similar ranges of Mn centrations were reported in fishes from
the Bay of Bengal (M. S. Hossain & Khan, 2001; $havdustafa, Amin, & Safiullah, 1993), and various

markets throughout Bangladesh (Ahmed, et al., 2(2i§) 3).

3.1.7.Ni

The concentration of Ni in the environment is naiyngery low, but can cause a variety of adversalthe
effects including lung inflammation, fibrosis, enyglema, and tumours. The highest concentration (1d36)
of Ni was measured i@. reba during summer and the lowest concentration (1 &@)was found irP. indicus
during winter. Our values were lower than the dithbd safe level of 5.5 pug/g on a wet weight bésis, 26.4
K1g/g on a dry weight basis assuming 79% moisturgec in fish muscles) by Western Australian Foad a
Drug Regulations (Plaskett & Potter, 1979). FigBrehows that Ni concentrations found in this studgre
similar to the values in literature. However, theam Ni content found in the fishes from the Burigmmiver
(Ahmad, Islam, Rahman, Haque, & Islam, 2010) was-twld higher than this study, while the valuesared

by Ahmed, et al. (2015) were several fold lowemntig.

3.18.Pb

10
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Lead is a nonessential trace metal and the adyeakh effects from Pb are well known. Among the
individual fish speciesA. arius accumulated the highest Pb concentration of 62§ during summer, while
megaloptera accumulated the lowest of 0.80 pg/g during wirfleable S2). ANHMRC has set the maximum
permitted concentration of Pb as 2.0 pg/g (wet iteligsis, i.e., 9.6 pg/g on a dry weight basis agsy 79 %
moisture content) (Plaskett & Potter, 1979). Acaugdto UK and Spanish legislation, Pb in fish sldbuobt
exceed 9.6 pg/g on a dry weight basis (Demirakm##, Tuna, & Ozdemir, 2006). The present obsematio
showed that Pb level in the all the analyzed fipecges was well within the acceptable limit for fam

consumption.

319. &

Selenium is an essential element in some oxidagduection processes and is a component of a cellula
enzyme called glutathione peroxidase, which isaasible for converting D, to CQ, and HO (Sivaperumal,
Sankar, & Nair, 2007). Selenium was found to begaificant element in the prevention of Hg toxicidye to a
strong binding affinity between Se and Hg that @ctd direct sequestration of Hg by Se. Howeveressige
intake of Se can cause chronic toxicity in humasutting in a condition termed selenosis, charasdrby hair
and nail loss and brittleness, gastrointestinabl@ms, skin lesions, tooth decay, garlic breathrpaiod nervous
system abnormalities (Yang, Wang, Zhou, & Sun, )98%inical symptoms of Se toxicity may also inotud
severe irritations of the respiratory system, l@ugma, rhinitis, and broncho-pneumonia. Due tordagow
margin between beneficial and harmful effects of(&elittle as a factor of two), accurate and meaata on
selenium intake are needed and thus, the researatebeing interested in the distribution and ispien of Se
in fish samples. The details of the mean Se ledetected in individual fish species during fourstees are
given in Table S2.

Among individual fish species minimum (1.23 pg/g@ Boncentration was observed linmegaloptera
during winter and maximum (4.00 pg/g) was B pangasius during summer. The recorded selenium
concentrations were significantly lower than FAO/HFAO/WHO, 1984, 2009) and ASTDR (ATSDR,
2003) recommended permissible limits of 9.6 pg/@alny weight basis, suggesting that exposure twe&enot

a problem. The Se concentrations recorded in thidyswere also on the low end of the published Sees

(Fig. 3).

3.1.10. Zn

11
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Zinc is present in all organisms and is an esdeti@e element for metabolic processes. However,
prolonged excessive dietary intake of Zn can leathé deficiencies in iron and copper, nausea, tmogjifever,
headache, tiredness, and abdominal pain. It issatseman skin irritant. However, in this study, ttighest and
lowest Zn concentrations were found as 74.36 pg@ reba during summer and as 13.22 pg/dPirchinensis
during winter, respectively. WHO and ANHMRC (Bebgpion, Mackay, & Chvojka, 1977) recommended safe
level for Zn is 1000 mg/kg, which is much highearnhour determined values, indicating no adversétthea
effects. The ranges of Zn in different fish spedi@snd in this study were within the range of vhilidy

reported for various fish species in different part Bangladesh (Fig. 3).

4. Discussion

The variation of every metal concentration in téffiedent fish species was significantly differerit 3%
confidence interval (Table S3). A large numbertafi®es worldwide have also reported interspecififecences
in metal concentrations (e.g., Burger & GochfeldQ2; Merciai, Guasch, Kumar, Sabater, & GarciatBmrf
2014; Rahman, Molla, Saha, & Rahman, 2012). Themwes differences were might be due to differennes
trophic level (P. Li, et al., 2015), variances imesof fishes (Merciai, Guasch, Kumar, Sabater, &rd&a-
Berthou, 2014), differences in seasons (Mendil, DanTuzen, & Soylak, 2010), and tendency of hematals
to undergo bioamplification in the food chain (Berg& Gochfeld, 2005). However, this study reveated

similar trend in changes of the metal concentratiorall examined fish species (Fig. 2, inset).

4.1. Seasonal investigation of heavy metals
Figure 2 displays the variation of metal levelstle fish muscles with respect to the seasonal n(gpri

summer, autumn and winter) fluctuation. The metaicentrations during summer were higher followed by
spring, autumn and winter. Similar seasonal effectnetal accumulation was reported in fish speft@ms the
Nile River (Zayed, Eldien, & Rabie, 1994) and rettefrom the Black sea (Mendil, Demirci, Tuzen, &8ak,
2010). This observed summer maximum accumulatiog b attributed to heavy rainfall and flood events
during summer in Bangladesh, which increases nteddk in water bodies by washing down agriculturaste,
sewage water, and sludge. Several other factorsbhmagsponsible for driving the metal loads towlhigher
values during summer. For example, cyclonic agtjwthich is quite common in Bangladesh at the ehd o
spring and summer, may lead to wind associatedpesision of settled sediments, resulting in a highsunt

of metals into the water column. Moreover, delivedyhigher nutrients to nearshore marine envirortgien
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during summer can cause a large phytoplankton hlddmbsequent bacterial decomposition of this oxgani
matters may release metals into the water whidiuim accumulate in fish. In addition, the observeaixima
may be related to higher fish respiratory ratesndusummer when they require increased volume témadue

to low dissolved oxygen content, and also to a diidglkeeding rate on plants and grasses during thensu
(Zayed, Eldien, & Rabie, 1994). The relative desesin metal accumulation during autumn and wintentins
could be attributed to stable hydraulic conditiare do low flows or cease-to-flows of terrestriahoff into the
nearshore coastal environments. Suspended par(itiefor trace metal carrier) also settle down wdtbar
water conditions during dry winters.

The variation of metal concentrations in the edifigd fillets in four different seasons were used f
ANOVA to know if the observed variances were sigmifit (Table S3). The data obtained from ANOVA
clearly demonstrated that seasonal effects on #nhility of Cd, Cr, Pb, and Se were significaht9s %
confidence interval while rest of the metals vaitigbwere not statistically significant. Moreoveilg quantify
the seasonal effects on the metals variability doumrthe studied fish species, three dummy vargablere taken
for the seasons (winter as reference) when the dishples were collected (Table S4). The coeffisiait
dummy variables revealed that on average As coraténis in summer were ~ 0.41 pg/g higher thandtios
winter while its concentrations in spring and autumere ~0.24 and ~0.11 pg/g higher relative to evint
Likewise, Cd accumulation during summer, springd aautumn were ~0.11, ~ 0.05, and ~0.03 ug/g,

respectively, higher relative to winter. See Teidefor rest of the metals.

4.2. Risk to humans by consumption of sea-fish

Even though the concentrations of ten analyzed Iméiathe tested fish samples did not exceed thalle
limits set by various agencies (as we discussethénResult section), the toxic potency of theselyaes
depends on exposure doses. Thus, combining thende&sl concentration of contaminant and the esgthat
daily fish consumption limit is considered as aagr®ol for evaluating the balance between benafits risks
(carcinogenic and non-carcinogenic), and appliethis study.

As a first step of estimation of human health ridéily intake of every metal through ingestion loé ffish
was estimated using the formula (1). The highestraye value of EDI was observed for Zn (7.73% 10
mg/person/day) while the lowest was for As (1.380% mg/person/day). The EDI results were comparet wit
the respective recommended daily dietary allowaateindividual metal suggested by various agencies

including Joint FAO/WHO Expert Committee on Fooddiive (JECFA) for As, Cd, Cu, Pb, and Zn (JECFA,

13



341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

1982, 1989, 2000), World Health Organization (WH@) Co and Ni (WHO, 1996, 2006), National Research
Council (NRC) for Cr and Mn (NRC, 1989), Nationataemy of Science (NAS) for Se (ATSDR, 2003) (Fig.
4 and also see Table S5). Figure 4, however, disglzat the EDI values for all the metals werelfalow the
respective recommended levels, indicating that e#véealth effects from exposure to the examinethlme
were unlikely.

Figure 5 represents the THQ values of the seldotedy metals due to consumption of the examined ten
fish species by average Bangladeshi adults. THeektcaverage value of THQ was observed for Co 4.8
while the lowest was for Cr (3.39x4 None of the metals individually exceeded theandzjuotient threshold
of 1. This implies that the level of daily intakEeach examined metal by the Bangladeshi adultslevesr than
that of respective reference dose. Thus, we cagestighat these level of human exposure to theyaeal
metals should not cause any deleterious effechduain entire lifetime. Considering that consumptidrthe
fishes involved exposure to a mixture of ten exadimetals, we evaluated cumulative health risksusgming
the health risks posed by ten studied metals {otal target hazard quotient, TTHQ). The valudoHQ (i.e.,
6.39x10") was also less than 1, again indicating no paestgnificant health risks. In this study, Co aPid
were the two major contributors to TTHQ, accounted 33.32 % and 23.24 % respectively. Whereas, Cr
contributed the least (only 0.05%) to TTHQ.

US Food and Drug Administration (USFDA, 1993) hasnped out that dietary intake of inorganic As is
strongly associated with wide spectrum carcinogeng@fie CR values of As obtained in this studyevamnged
from 1.28 x 10 to 2.76 x 10 (with a mean value of 2.09 x ¥pand exceeded the risk of cancer benchmark
(i.e., 10°) (Fig. 5, inset). This implies that the ingestinigfish from the Bay of Bengal would cause a cancer
risk for lifetime consumption. However, in this gty we assumed that ingestion dose of heavy mistagual
to the absorbed dose of contaminants, without denisig bioavailability of the metals in human bodis
assumption might overestimate the As-carcinogeisic calculation due to the fact that a part of stgd As
may be excreted. Thus for more robust estimatiameatfth risks, future study should focus on biortmig of
metals in blood, urine and hair samples to detegrttie actual concentrations of bioavailable metathe local

population.

4.3. Risk management
Risk management is the process of systematic fimiton of environmental hazards, analyzing the

likelihood of occurrence and severity of the pagntonsequences, weighing the policy alternatiaed, if

14



371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

required, selecting and implementing appropriatgred options, including regulatory measures arfisequent
enforcement. In the least developed countries Blamgladesh, anthropogenic pollution of heavy meials
marine environment is the prime concern. A periagicnitoring program and risk assessment approagh ar
necessary to evaluate the scale of anthropogem@dts on ecological balance and human health. i th
communication, we provided information on As, Ca, Cr, Cu, Mn, Ni, Pb, Se, and Zn levels in comrgonl
consumed fish species from the Bay of Bengal asnation of four seasons. Such local data are reduio
increase the global data inventory and to inforrmaggement agencies to facilitate decision makingiuptove

the management strategies of these metals. Thdughpitesent study indicates the low concentation of
aforementioned elements in the fish species, waldhnonitor the metal contamination periodicallyteat the
anthropogenic activates can'’t disrupt the balariGgoatic ecosystem by polluting the marine orgasiand to
ensure food safety. The estimation of health riz&sociated with the dietary intake of heavy metgighe
consumers is a vital and integral part of regulatorocesses. This study estimated the human heakh
associated with ten heavy metals due to consumptiorien fish species, and hence farther study is
recommended taking into account other contamindotexample, Hg, in a broader range of fish spefiem

the Bay of Bengal. This study deals with fish canption which constitutes only 3% of per capita gay
calorie intake by foodstuffs for the coastal pofialain Bangladesh. Thus, other foodstuffs suckegetable,
fruits, rice, and cereals are required to be esdchao determine the public health risk via constiomp of
foodstuffs more robustly and to provide more infation to allow the public to maximize the healtméfits

from food consumption while to minimize the risksrh dietary intake of contaminants.

5. Conclusions

Accumulation of heavy metals in fish muscles idweeat to global public health since the consumptbn
contaminated foods is considered as the primarterofi human exposure to toxic heavy metals. Thisst
showed that variations in concentrations of As, Cd, Cr, Cu, Mn, Ni, Pb, Se, and Zn in the fishcégg from
the Bay of Bengal were dependent on the seasometiuéition. The fishes captured during summer months
exhibited higher metal contents followed by spriagtumn, and winter. This summer maxima can béated
to heavy rainfall and floods during wet summer rhenin Bangladesh. The concentration levels of fal t
examine metals remained well below the acceptahiésl for human consumption established by various
international authorities such as USEPA, ANHMRCd aWHO. From the human health point of view, the

estimated daily intake (EDI) of each element wawelo than the respective recommended daily dietary
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allowance. The THQ values for individual elementldhe TTHQ values for combined elements were lower
than 1, indicating no health risks for consumers tu the intake of either individual element or Gamed
elements. However, the risk of cancer due to exgodo arsenic was of concern since the values of

carcinogenic risk (CR) were above the acceptablelirinit of 10°.
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Fiqure captions

Fig. 1. Photographs of the sampling area, Cox’s Bazati&jung, Bangladesh.

Fig. 2. Box plots show the seasonal variation of metalshan examined fish species. The
inset displays the trend in changes of the mearalne@incentrations in ten different fish

species.

Fig. 3. Comparison of fish metal concentrations (ug/gy-wleight basis) found in this study
with published data from the Bay of Bengal (Hoss&rKhan, 2001; Sharif, Alamgir,
Krishnamoorthy, & Mustafa, 1993 (in Fig. Sharifat 1993a)); Sharif, Mustafa, Amin, &
Safiullah, 1993 (in Fig. Sharif et al. 1993c)); tAaira River (Islam, Ahmed, Raknuzzaman,
Habibullah-Al-Mamun, & Masunaga, 2015); Soari Glihg Gumti and Turag Rivers (Sharif,
Alamgir, Mustafa, Hossain, & Amin, 1993 (in Fig. 8H et al. 1993b)); the Bangshi River
(Rahman, Molla, Saha, & Rahman, 2012); various etarKAhmed, Shaheen, Islam,
Habibullah-al-Mamun, Islam, Mohiduzzaman, et alQ1®); and the Buriganga River
(Ahmad, Islam, Rahman, Haque, & Islam, 2010) of@adesh. The concentrations of metals
in fishes from the Paira River (Islam, Ahmed, Rakraman, Habibullah-Al-Mamun, &
Masunaga, 2015) and various markets (Ahmed, e2@l5) were wet weight basis and for

comparison the values were transformed to dry s&t@ing 79% of moisture content.

Fig. 4. Estimated daily dietary intake of the metals amelrtcomparison with the respective
recommended daily dietary intake. For more inforaratsee the Table S5 provided in

supplementary materials.

Fig. 5. Non-carcinogenic risks due to intake of ten exadimetals. The inset shows the
carcinogenic risk of As. For more information she Table S5 provided in supplementary

materials.
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Highlights

Ten metalsin 10 fish species from the Bay of Bengal were estimated in 4 seasons.
Significant interspecies variations were observed for al metals.

Metal accumulation was higher during wet summer season.

Consumption of fish was safe for human health.

Consumers were exposed to arsenic with carcinogenic risks.



