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Abstract

Fishes are constantly exposed to aquatic systenexguasure of metals through fish consumption may teahealth
risks, especially for high-fish consumption populatiofbkis study determined levels of As, Cu, Hg, Ni, adin
muscle tissues of fish from Kolkata wetland andnestéd the health risk posed by fish ingestion. Hwels of
heavy metals were below the permissible limitsaésshy JECFA of FAO/WHO. The tolerable intake of &si, Hg,
Ni, and Zn as PTWI (Provisional Tolerable Weeklyake) and PTDI (Provisional Tolerable Daily Intakeas
calculated and presented. To estimate the humdthhesk, the target hazard quotient (THQ@&)Rs calculated and
discussed, THQs for individual metals were lowemttUSEPA guideline value of 1. However, the hazadeéx of
arsenic, copper, mercury, nickel and zinc mixtune(atla catla was marginally high. The target cancer risk (TR) o
arsenic and nickel for intake of ti@atla catla, Oreochromis nilotica and Labeo rohita was 1.5x1¢ and 5.8x10,
7.7x10° and 3.0x10, 4.7x10° and 5.4x10, respectively, with the average of 8.6 x>Ihd 4.7 x 10, respectively.
More intensive study is needed in order to deteentlre toxic metals in fish, and not only to replertels of
contaminants but also important to compare therh galth criteria values.

Keywords: Fish muscle, arsenic, copper, mercury, nickek,iealth risk, tolerable intake, HI, THQs, TR
1 I ntroduction

Metals can enter into the food web through direststimption of water or organisms, or through upfakeesses,
and be potentially accumulated in edible fish ameotvildlife (Paquingt al., 2003). Although Fishes are major part
of the human diet because, it has high proteinesdntow saturated fat and also contains omegg &attls known to
support good health (Duradf al., 2007), but there is a growing concern that nsetalcumulated in fish muscle
tissues may represent a health risk, especiallpdpulations with high fish consumption rates (Léenal Ling, 2003;
Burger and Gochfeld, 2009; Diez,al., 2009). Metals like Cu, Fe, Mn and Zn have norptalsiological regulatory
activities in organisms (Hogstrand and Haux, 200}, some other metals like arsenic, cadmium, nmgreuckel,
and lead exhibitoxic effects on organisms (Mason, 1991). For instanatals like arsenic (As) has been associated
to various systemic effects like cardiovasculaedsss, skin disorders, and neurotoxicity; nickel compdsiiinickel
sulphate and combinations of nickel sulphides atides)hasshowed an increased risklung and nasal cancer in
humans (IARC, 1990), and mercury (Hg) have beerioaigd as various causes for severe neurologealage to
humans (Liu,et al., 2008; Diezgt al., 2009). These health concerns become of gresdeeiwhen we consider
susceptible populations such as young childrenamen of child bearing age.

As fishes are constantly exposed to pollutants imagninated water, they could be used as excellehbdical
markers of heavy metals because non essentialsratlalso taken up by fish aadt accumulaté in their tissues
(Canli and Atli, 2003). Consumption of these contaated fishes showed the risk potential for humadSEPA,
2000; Storelli, 2008; Michaeét al., 2011; Imar and Carlos, 2011;). Therefore, studliave been taken worldwide
on the contamination of different fish species &ébedmine their heavy metal contamination and hutreaith risk
(Laar,et al., 2011; Anim.et al., 2011; Kumaregt al., 2010; Mallick,et al., 2010; Mol,et al., 2010; Bhattacharyyat
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al., 2010; Lin, 2009; Roaclet al., 2008;Cheunggt al., 2008). In this study we emphasized measurenfefss,oCu,
Hg, Ni, and Zn in muscle tissues of fish from Kokatetland and estimated the health risk posed byrfgestion.

2. Materials and M ethod
2.1 Ste Description and sampling

Sampling area was eastern part of Kolkata (form€dicutta), where series of ponds are locatedlarge wetland
area known as East Kolkata Wetlands (EKW), sprepdirer an area of 125 KinThe boundaries of the wetland
system are currently located betweef252 to 22°40” N and 8820 to 88°35” E. The huge amounts of composite,
contaminated effluents that flow down through a weélcanals into the wetlands are utilized by lo@aimers in
pisciculture. These wetlands are well known inweld for their multiple uses and these are thgdat sewage fed
wetlands in the world as they were included in Raamsar List of Best Practice Wetlands (RLBPW) siAcgust
2002. In this region wastewater aquaculture hawn Burished since 1918 (EKW, 2010). Thirty tworgdes of
commonly consumed fish speci€satla catla, Oreochromis nilotica andLabeo rohita, were collected from selected
aquaculture ponds of EKW (Figure 1). Fish samplesewabeled, they were preserved using ice andpmated to
the main laboratory. All the samples were store@@fC prior to pre-treatment and analysis.
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Figure 1: Maps showing East Kolkata Wetland-Rars#ar India
2.2 Pre-treatment of Sample

The frozen Samples were thoroughly washed with-Rilivater after removing the scales, and musclegrgnivhich
was taken for further processing. Muscle tissue ovas dried at 1€, powdered with pestle and mortand was
stored until chemical analysis. Heavy metals wer@yaed after digesting the homogenized samplesnivixture of
concentrated nitric and perchloric acid. Digestwaas carried out after 0.5 gm homogenized powdeaetpke was
placed in a Teflon beaker and digested with a feapsl of sodium chloride solution (30%) and a 10mikture (1:5)

of concentrate Nitric acid (65%) and concentratedcRloric acid (70%). The free chlorine developedskns the
chemical bonds in organic compounds after gentsihg (at 70+58C) in a water bath for 12 hrs and destroy the
organic matter in order to transfer the metals thosolution. The solution was transferred to lmwetric flask (50
mL), and then filled with 0.01 N of HNQo make a 50 mL of final solution. The digestedisohs were centrifuged
and the supernatant was analyzed.

2.3 Instrumental Analysis
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Determination of copper, nickel and zinc was carrigit using Flame Atomic Absorption SpectrometrpAs,
Thermo, UK). AAS coupled to Hydride generator (HG) was usedralyzethe total amount of mercury (cold
vapor mode) and arsenic (heating mode). Backgrawordections were applied whenever required durimg t
analysis and the method of standard additions vezsl uo compensate for matrix effects. Performarfcthe
instrument was checked by analyzing the standdeterece material solutions (Merck NJ, USA) concutlseto
check the precision of the instrument. After appiatp dilutions of stock standard solutions, a fiereel calibration
curve was prepared. Samples were analyzed inciieli The values obtained from the sample weresctad for
final digestion volume and sample weight was taldre detection limit for As, Cu, Hg, Ni and Zn wa$02, 0.02,
0.001, 0.025 and 0.01 ppm, respectively. Duplicatthod blanks were processed and analyzed alongjséde
samples to check any loss or cross contaminationerfified reference material (SW 8022) was proegsaong
with samples to determine the accuracy of the ntetiva the results were compared to the acceptiatits (Table
1). The recovery of the studied heavy metals waged between 97-109+2-9 percent. The results vegrarted on
dry weight basis as pg'ddry wt.).

Tablel: Heavy metals concentration (ugdyy wt.) in Certified Reference Material (SW-8022)

Metals Reference value *Measured value Recovery (%) S D (%)
Arsenic 14 13 97 3
Copper 71 73 103 2
Mercury 26 27 104 4
Nickel 160 174 109 9
Zinc 289 312 108 8

* Average of three replicate
2.4 Data Processing

In this study, metal concentrations for all thecipg were calculated by application of Excel 20BEc(osoft Inc.,
USA) and correlation coefficients were on the ba$iStudent’s t test to p< 0.05level of significance.

2.5 Health Risk Estimation for Fish Consumption

To estimate the human health risk from consumingghwntaminated fish, the Target hazard quotight() was
calculated as per US EPA Region Il Risk-Based @atration Table (USEPA 2011). The THQ is an estinuditthe
risk level (noncarcinogenic) due to pollutant exyres The input parameters used in the health ssknation for
fish intake from Kolkata wetlands were given in TeaB. The equation used for estimating THQ wasHevs:

THQ = (Mcx IR x10° x EF x ED)/(RfD x BWa x ATn)

Where, THQ is the target hazard quotient isithe metal concentration in fish (ug)gIR is the fish ingestion rate
(g day"), EF is the exposure frequency (day yeaor number of exposure events per year of exgodED is the
exposure duration, total for adult (year), RfQHie reference dose (ud day*), BWa is the body weight, adult (kg),
and ATn is the averaging time, noncarcinogens {&&"). The hazard index (HI) from THQs can be expressed
the sum of the hazard quotients (USEPA, 2011).

HI =THQas + THQc, + THQyq + THQy; + THQ,,

Where Hl is the hazard index; THQs the target hazard quotient for As intake; Tdd€@ the target hazard quotient
for Cu intake; THQg is the target hazard quotient for Hg intake; TYHi® the target hazard quotient for Ni intake;
and THQ, is the target hazard quotient for Zn intake.

Target cancer risk (TR) was used to indicate cagsnic risks. The method to estimate TR was alswiged in
USEPA Region lll Risk-Based Concentration Table EP3, 2011). The model for estimating TR was shown a
follows:

TR = (Mc x IR x10° x CPSo x EF x ED)/(BWa x ATc)
15
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Where TR is the target cancer riski M the metal concentration in fish (ug)gIR is the fish ingestion rate (g day
1), CPSo is the carcinogenic potency slope, oral/Kmdpw-day"); ATc is the averaging time, carcinogens (day
years'). Since Cu, Hg and Zn do not cause any carcinegefiécts, so, TR value for intake of As and Ni was
calculated to indicate the carcinogenic risk.

Table 2: Summary statistics of input parametetbénhealth risk estimation

Symbol Description Unit Value

Mc metal concentration ug'g Presented in Table 3

IR Fish ingestion rate g day 19.5

EF exposure frequency days yéar 287

ED Exposure duration years 30

RfD reference dose pgtgay' As= 3x10%, Cu=0.04, Hg=3x10,
Ni=0.02, Zn=0.3

BWa body weight (adult) Kg 56

ATn Averaging time noncarcinogens  days 10950

ATc Averaging time carcinogens days 25550

CPSo Carcinogenic potency slope, oral  ffglay’ As=1.5, Ni=1.7 (nickel subsulfide)
Cu, Hg & Zn= no value

Exposure Duration: The exposure duration is defined as the exposaguéncy of 365 d/yr for 30 yr (i.e., 10,950
d). The averaging time and number of fish consumedequired to provide input for an estimate of hanmealth
risk from exposure through fish ingestion. An avarggime of 365 d/yr for 70 yr (i.e., ATc = 25,580 was used to
characterize lifetime exposure for cancer risk walton and an averaging time of 365 d/yr for 3Q(iye., ATn =
10,950 d) was used in characterizing noncancer(dSEPA, 2011).

Fish Ingestion: Fish consumption patterns was described by Sp&¥y3) and Littleet al., (2002), which was
based on fish consumption rate, consumption frecqpuand weeks of consumption for residents in Kakandia.
Speedy (2003) stated the average fish ingestios mité9.5 g day. Little et al., (2002) calculated fish ingestion
frequency of 5.5 — 6.5 meals per week and majofifyeoples takes 5.5 meals per week. Based onléhéswe used
the ingestion rate and ingestion frequency as 4 @l&y' and 287 days yedr respectively.

Body Weight: We used a 56 kg body weight for an average Inddhuit, as suggested by Shuldaal., (2002).

Toxicity Factors: The reference dose (RfD) and carcinogenic potataye factor (CPS) used for health risks (TR
and THQ) evaluation as provided by USEPA (USEPAL1)0The cancer slope factors for ingested arsenit
nickel (subsulfide) are 1.50 and 1.7, respectivaRiD is the reference dose (As= 3%1@u=0.04, Hg=3x10,
Ni=0.05, Zn=0.3 ug §day*) (USEPA, 2011) that is likely to be without apgedte risk of deleterious effects
during a lifetime.

Acceptable Risk Distribution: The acceptable risk distribution was assigneddmstraints on percentiles. The lower
end of the range of acceptable risk distributiordédined by a single constraint on the"9gercentile of risk
distribution that must be equal or lower thar® ¥6r carcinogens (TR) and may be up t6*10 some circumstance.
The health protection standard of lifetime risk Té#Q is 1 (USEPA, 2011).

3. Result and Discussions
3.1 Concentrations

Concentration range and mean of arsenic, coppeacume nickel and zinc in muscle tissue of fish gtes from
Kolkata Wetlands were presented in Table 3. Theentration in fishes varies considerably amongsjhecies.
This was possibly due to differences in metabolsnd feeding patterns of the fishes. In this stutlg fish
individuals had metal levels below the guidelinggwated by international agencies (FAO/WHO JECESFDA,
EC Directives, China, Hong Kong and India) (Table 4
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The concentration of arsenic was ranged from BDIL.22 ug ¢ with the mean of 0.63+0.05 pg-gThe highest
concentration, 1.07+0.05 pg*evas recorded irCatla catla, with the lowest, 0.35+0.08 pg'deen recorded in
Labeo rohita (Table 3). Arsenic levels in the literature haeeb reported in the range of 0.24-2.13 ftingmarket
fish from South China (Cheungt al., 2008), 0.62-1.37 ug7gn fish caught from river Presa, Corsica, France
(Foata,et al., 2009), 0.76+0.03-0.93+0.19 pugand 0.97+0.78 pggn fish from Taiwan reported by Lin, (2009)
and Kar,et al., (2011), respectively, 0.16-0.28 pgig fish from Euphrates, Turkey (Madt al., 2010). Shatet al.,
(2009) reported the higher concentration (2.12pg35%) of arsenic in different freshwater fish from Maac Lake,
Sindh, PakistanThe concentrations of arsenic in fish samples fibolkata wetlands were below the stipulated
guideline values (0.5-2.3 pg'y except Chinese guideline value of 0.5 [igGable 4).

Table 3: As, Cu, Hg, Ni and Zn levels (ugdry wt.) in selected fishes from Kolkata wetlands

o Fish species (N) All samples
Metal Statistics o -
Catlacatla(9) Oreochromisnilotica(11) Labeo rohita (12) (32)

Range 0.82-1.22 BDL-1.02 BDL-0.73 BDL-1.22
As MeanzSE* 1.07+0.05 0.56+0.14 0.35+0.08 0.63+0.05

Median 1.10 0.78 0.24 0.70

CV** 14.55 79.57 76.02 42.02

Range 2.10-5.20 4.95-8.91 3.97-7.51 2.10-8.91
Cu MeanzSE 3.29+0.38 6.44+0.41 5.30+0.31 5.13+0.21

Median 3.01 6.45 5.17 5.13

CcVv 34.69 20.93 22.35 23.10

Range 0.14-0.51 0.14-0.70 0.15-0.72 0.14-0.72
Hg MeanzSE 0.26+0.05 0.42+0.07 0.46%0.05 0.39+0.04

Median 0.19 0.49 0.45 0.30

Ccv 56.51 54.44 44.78 52.17

Range 2.60-5.40 BDL-6.44 BDL-8.50 BDL-8.50
Ni MeanzSE 3.74+0.26 1.95+0.66 3.49+0.97 3.03+0.66

Median 3.50 2.30 2.50 3.05

CcVv 21.19 112.82 107.70 124.00

Range 22.88-41.00 34.03-71.98 31.71-92.70 22.88392.
7n MeanzSE 29.21+2.40 50.70+2.88 61.07+5.06 48.55+3.46

Median 29.09 47.00 58.03 46.60

Ccv 24.63 18.88 32.04 40.31

*Std Err=standard deviatiomd, **CV=coefficient of variation

The observed concentrations of Cu ranged betwek® ®@. 8.91 ug g with the highest mean concentration,
6.44+0.41 inOreochromis nilotica. However, the lowest mean concentration (3.2940v8& observed inCatla
catla (Table 3). Other workers reported the copper leirelthe literature in the range of 0.38-3.16 |iig Fish
from Lake Macquarie, New South Wales, Australiad&tuet al., 2008), 7.12+3.3 pggin Fish from sewage fed
lake of Karnataka, India (Puttaiah and Kiran, 20@806-0.35 ug §in market fish from South China (Cheuray,
al., 2008), 0.13-0.57 ug’gin freshwater Fish from Lithuania (Staniskieeeal., 2009), 2.09+0.40 pg’gn fish
muscles from Taiwan (Lin, 2009), 0.02-0.17 1§ ig meat of freshwater fish from West Pomerania, Poland
(Magdalenagt al., 2009),0.10-2.78 pg gin fish from Euphrates, Turkey (Mo# al., 2010), 7.59 pgbjin fish
collected from Pennar estuary, India (RavanaiahMuarcthy, 2010), 0.40-0.59 pg'dn fish from freshwater lake of
Bhopal, India (Malik.et al., 2010), 45.60-110.56 pg'dn fish samples from Densu River, Ghana (Aninal.,
2011).The observed concentration of Cu in analysadples of fish species collected from Kolkata areds was
below the guidelines (Table 4).

Fish obtained methylated mercury through dietartakg, which could be influenced by size, diet, egmal and
environmental factors. It is stored in fish proteiatrices covalently bound to sulthydryl groups, alsuas methyl
mercury (MeHg). At present a maximum level of 0.§/kg applies to fishery products, with the exceptid certain
listed fish species for which 1 mg/kg applies (EF2804). The concentration of mercury in muscldigti from
Kolkata wetlands varied from 0.14 to 0.72 ijwjth a mean of 0.39+0.04 ug'gThe highest mean concentration
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was observed i.abeo rohita (0.46+0.05 pg @), and lowest concentration was @atla catla (0.26+0.05 pg Q)
(Table 3). Our results are in agreement with resported by Bhattacharyya et al., (2010) for frelm wetlands
and sewage fed aquaculture. Other studies in th@ture reported the Hg concentration, in the eanfg0.07-0.34
ng gtin market fish from South China (Cheurayal., 2008), 0.03-0.96 pgTgin Fish from Lake Macquarie, New
South Wales, Australia (Roack, al., 2008), 0.01-0.19 pggin meat of freshwater fish from West Pomerania,
Poland (Magdalenat al., 2009), 0.33 pgin fish collected from Pennar estuary, India (Raiah and Murthy,
2010), 0.08-0.14 pggn fish muscles from freshwater lake of Bhopal,itn(Malik, et al., 2010), ND-0.65pg bin
fish from Euphrates, Turkey (Mod al., 2010), 0.74+0.66-1.77+0.39 pd i fish from Cape Fear River watershed,
North Carolina, USA (Michaekt al., 2011). Although, in some samples from Kolkatdlavels, levels of Hg were
higher than guidelines but average concentratiogr® Wwelowthe guideline values for all the fish samples (Table 3,
Table 4).

Table 4: Level of As, Cu, Hg, Ni and Zn in fish roles(ug g'): comparison with guideline values

Country As Cu Hg Ni Zn Reference

Present study 0.63 5.13 0.39 3.03 4855 -

Guidelines

China 05 50 0.3 - - CNSMD, 2001

Hong Kong 2.3 - 0.5 - - HKG, 1987

India 11 30 0.5 - 50 FSSAI, 2011

USFDA - - 1.0 70-80 - USFDA,1993

International criterion 2 15 0.5 - 60 Summetrsl., 1995; HC, 2007
European Comm. - - 05-1.0 - 40-100 EC, 2001

FAO/WHO 14 30 0.5 - 50 WHO, 1983

Nickel is essential for normal growth and reprodéutin animals and human beings, but shows careiniageffect
when consumed in high amount. The concentratioridickel in the samples analysed in this study rangetween
BDL to 8.50 pg ¢ with the average concentration of 3.03+0.66 |y §he highest average concentration
(3.74+0.26 ng @) was measured i€Catla catla and the lowest concentration (1.95+0.66 |§ measured in
Oreochromis nilotica (Table 3). Nickel concentration reported in theriture by other workers was in the range of
0.04-0.36 pg §in market fish from South China (Cheuray,al., 2008), 1.07+0.25pg gin fish from sewage fed
lake of Karnataka, India (Puttaiah and Kiran, 2008)12-10.66 pg § in freshwater Fish from Lithuania
(Staniskiene,et al., 2009), 0.03-0.13 pgJgin meat of freshwater fish from West Pomerania, Poland
(Magdalena, et al., 2009), 0.21-0.67 pg gin fish muscles from freshwater lake of Bhopal,ién@Malik, et al.,
2010), BDL-0.54 ug gin fish from Cape Fear River watershed, North GaeglUSA (Michaelgt al., 2011), <0.01-
0.84 ug ¢in fish samples from Densu River, Ghana (Anénal., 2011).The recommended dietary allowances for
nickel have not been established but, estimatedrman guideline set by USFDA for Ni is 70-80 pd.dghus the
concentrations of Ni in all the samples were bellogvstipulated guideline values (Table 4).

Zinc is an essential trace metal for bathimals and humans. A deficiency of zinc is mafgdetarded growth, loss
of taste and hypogonadism, leading to decreasétityefSivapermal,et al., 2007). The concentration of Zn in fish
samples from Kolkata wetland were ranged betwee882® 92.70 pg with an average of 48.55+3.46 ug g
(Table 3)The concentration of zinc in the literature haverbeeported in the range of 2.67-19.1jtagrgmarket fish
from South China (Cheungt al., 2008), 37.68+11.91pg”gin Fish from sewage fed lake of Karnataka, India
(Puttaiah and Kiran, 2008), 14.0-75.4 |yig fish from Lake Macquarie, New South Wales, Aalsa (Roachgt
al., 2008), 37.98+6.49 uggn fish muscles from Taiwan (Lin, 2009), 10.03-28 ¢* in freshwater fish from
Lithuania (Staniskienegt al., 2009), 2.8-6.8 ugbin fish from West Pomerania, Poland (Magdaleaal., 2009),
10.27-19.74 pg gin fish from Euphrates, Turkey (Mokt al., 2010), 0.48-1.88 ugTgin fish muscles from
freshwater lake of Bhopal, India (Malikt al., 2010), 10.49 ugin fish collected from Pennar estuary, India
(Ravanaiah and Murthy, 2010), 2.19-5.86 |ibimg fish from Cape Fear River watershed, North Gaegl USA
(Michael, et al., 2011), 18.92-30.04 pg'gn fish samples from Densu River, Ghana (Anétgl., 2011). Comparing
our observed values with guideline values (Tablerdults showed that the values of Zn are lowen thuideline
values (Table 4).
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Accumulations of metals were generally found tespecies specific anghich may be related to their feeding habits
and the bio-concentration capacity. However, thiegiehcy of metal uptake from contaminated wated &vod may
differ in relation to ecological needs, metabolismd the contamination gradients of water, food, sediment, as
well as salinity and temperature (Mason, 2000).

Generally, no significant correlatiop & 0.05) was found among Ni, Hg, and Zn concerdrgti However, Ni
concentrations in muscle tissues of fishes wenaifiigntly correlated < 0.05) with As (?= 0.519), Cu was well

correlated with Hgré= 0.392), and Znrf= 0.351), and a positive correlatiorf% 0.372) between Hg and Zn was
observed.

3.2 Metal Intake (Estimated PTDI and PTWI)

Foods having toxic metals could present a toxicalthZor the consumer which is dependent on the Imeta
concentration in food and amount of food consuntéakzard consists of determining the toxicologicaparties
related to a specific substance (Kuhnlein and CBBA0). The ‘tolerable intake’ is widely used tcsdebe ‘safe’
levels of intake; and can be expressed on eithizilg basis (TDI or tolerable daily intake) or aekéy basis (TWI

or tolerable weekly intake). The tolerable intakéveavy metals as PTWI (Provisional Tolerable Wgektake), are
set by the Food and Agriculture Organization/Wadilelalth Organization (FAO/WHO) Joint Expert Comnetien
Food Additives (JECFA). PTWI is the maximum amoohta contaminant to which a person can be exposed p
week over a lifetime without an unacceptable rikealth effects. The estimated tolerance dailgket(ETDI) and
estimated tolerance weekly intake (ETWI) in thisdst were calculated and presented in Table 5. énesitimates
were expressed as per unit body weight (ug/kg day.b6r weekly).

Table 5: Estimated dietary intake (ng/kg b.w./daweek) of As, Cu, Hg, Ni and Zn of fish species

Fish samples Arsenic Copper Mercury Nickel Zinc

D* W D w D w D W D w
Catla catla 0.30 2.09 092 6.41 0.07 051 1.04 7.28 8.12 56.82
Oreochromis nilotica 0.16 110 1.79 1253 0.12 0.83 054 3.80 14.09 63¢8.
Labeo rohita 0.10 0.67 1.47 1031 0.13 0.89 0.97 6.79 16.97 .7A8
All samples 0.17 122 143 998 0.11 0.76 0.84 5.493.49 94.43

Guideline

(FAO/WHO, FSA) 2.14 1498 700 3500 0.23 1.61 5 35 1000 7000

*Estimated daily intake, ** Estimated weekly intake

Arsenic: Arsenic is acutely toxic to humans and animals. ifleeganic arsenic forms are more hazardous to hema
than the organic ones. It has been establishedfifhaind seafood can accumulate sizeable quantfierganic
arsenic from their environment. The JECFA has distarl a PTWI of 14.98 pg/kg b.w./week for As, whis
equivalent to 2.14 pg/kg b.w./day for inorganicemis. The daily intake of arsenic by humans refl@gnerally the
guantities of seafood in the diet in which arsexdcurs mainly in the organic form. The ETDI and ElMd¢ arsenic
ranged from 0.10 to 0.30 ug /kg b.w./day (mean7 Quf /kg b.w./day) and 0.67 to 2.09 ug /kg b.wgkvémean,
1.22 ug /kg b.w./day), respectively (Table 5). BRase guideline data (Table 5), the observed arsietéde from
fish muscle tissues were much lower and pose nerad\effects to the consumers.

Copper: Copper is present in all animals and plants andnisessential nutrient for both animals and humans.
Although copper is an essential trace element, hégkls of intake can cause symptoms of acute itgxiGhe
Recommended Daily Allowance (RDA) of copper for kslis 0.9 milligrams (mg).The Joint FAO/WHO Expert
Committee on Food Additives established a PTWI dopper of 3500ug/kg body weight/week which was
equivalent to 70qQug/kg body weight/day (PTDI). In our study the ET&d ETWI for copper from consumption of
Kolkata wetland fish was 1.43 (ug/kg b.w./day) @88 (ug/kg b.w. /weekly), respectively (Table B we can
see the estimated PTWI of copper in this study isbfelow the established PTWI.

Mercury: Mercury is an environmental contaminant that issprmeé in fish and seafood products largely as
methylmercury. The toxicokinetics of mercury is @sated with its chemical form. The organic form,
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methylmercury (MeHg) is more hazardous than otben§. The target organ of methylmercury (MeHghis brain
and can cause neurological changes in adults, beaafuthe ability of MeHg to easily cross the blebdiin and
placental barriers (Diez 2008). Aquatic organisnossess a remarkable capacity to turn inorganic umgrnto
organic compounds (MeHg), thus rendering mercuryeneasily transferable throughout the aquatic fcoain. The
JECFA established a Provisional Tolerable Weekiyake (PTWI) based on two epidemiological studieat th
investigated the relationship between maternal sxyo to mercury and impaired neurodevelopment &ir th
children. In June 2003, the FAO/ WHO Joint Expeotrnittee on Food Additives (JECFA) revised its Fsmnal
Tolerable Weekly Intake (PTWI) for methylmercurytd pg/kg body weight, whereas it was previous8y/|Bg/kg
body weight. The observed ETDI and ETWI of Hg friris study were 0.11 pg/kg b.w./day (range, 0.aB8Qg/kg
b.w./day) and 0.76 pg/kg b.w./week (range, 0.5BQug/kg b.w./week) from fish consumption (Table &nd
therefore, were not considered to pose adverseteffe consumers.

Nickel: IARC and European Commission Working Group of Salexed Experts has proposed the nickel sulphate in
Mutagenic Category 3, with the risk phrase R68 4Hue risk of irreversible effect” and Group 1:Huma
carcinogens (IARC, 1990; EC, 2004udies indicated that nickel sulphate and combamatiof nickel sulphides
and oxides encountered in the nickel refining inusvere responsible for cancer in humans. Nickeld® to
albumin, histidine and2-macroglobulin and is widely distributed in thgans. The JECFA has established a PTWI
of 35 pg/kg b.w./week for nickel, which is equivaiéo 5 pg/kg b.w./day. The ETDI and ETWI in thisidy for
nickel ranged from 0.54-1.04 ug /kg b.w./day (me@a84 pg /kg b.w./day) and 3.80 to 7.28 pg /kg.hveek
(mean, 5.90 pg /kg b.w./day), respectively (Tabje Based on guideline data from Joint FAO/WHO Exper
Committee on Food Additives (Table 5), the obsemiettel intake from fish muscle were much lower amdicates

no adverse effects to the consumers.

Zinc: Zinc is essential for human health. Although humeais handle proportionally large concentrationgin€,

too much zinc can cause eminent health problenth as stomach cramps, skin irritations, vomitingysea and
anemia. Very high levels of zinc can damage thecmms and disturb the protein metabolism, and cause
arteriosclerosis. The Joint FAO/WHO Expert Comneittsn Food Additives established a PTWI for zinc7600
Ho/kg body weight/week which is equivalent to 100§/kg body weight/day. The ETDI and ETWI of zinc
calculated for fish consumption from Kolkata wetarand they ranged between 8.12-16.97 pg/kg bodyhiday

and 56.82-118.79 pg/kg body weight/week with a metd3.49 pg/kg b. w./day and 94.43 pg/kg b. w.kyee
respectively (Table 5). The estimated ETDI and BETNzinc in this study are below the establishédPand
PTWI indicated no health risk to the consumers.

3.3 Target Hazard Quotients (THQs) and Target Cancer Risk (TR)

Risk assessments are based on assumptions. Th&RIXSRegion Ill Risk-Based Concentration Table (EISA,
2011) present methods for estimating the targeteransk (TR) and the non-cancer risk (THQs). Tisk associated
with the carcinogenic effects of target metal ipressed as the excess probability of contractimgeraover a
lifetime of 70 years. The USEPA established theeptable guideline values for THQs and TR 1 and-10%,
respectively. The theoretical and estimated lifetitarget hazard quotients (THQs) for arsenic, copmpercury,
nickel and zinc; and target cancer risk (TR) fosemic and nickel to humans due to exposure to tfrese
consumption of fish from Kolkata wetlands, were gkdted and presented in Table 6. HQ higher thamgljes that
the estimated exposure exceed the USEPA refererseefdr the contaminant of interest.

Table 6: Target hazard quotients (THQs) and hairakei (HI) for intake of As, Cu, Hg, Ni and Zn, aad well as
the target cancer risk (TR) for intake of Arsenicl &ickel for fish from Kolkata wetland

. Target Hazard Quotient (THQ) Hazard Target risk
Fishes - Index (HI) (TR) -
As Cu Hg Ni Zn As Ni
Catla catla 0.76 0.02 019 0.016 0.02 1.01 1.5x10" 5.8 x10°
Oreochromisnilotica  0.40 0.03 030 0.008 0.04 0.78 7.7 x10° 3.0 x10
Labeo rohita 0.25 0.03 032 0015 0.04 0.66 4.7x10° 5.4x10°
All samples 0.45 003 028 0.013 0.03 0.80 8.6 x10° 4.7 x10*
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Guideline Standard* 1 10°-10°

*USEPA, 2011

The THQs of Arsenic, Copper, Mercury, Nickel anch@iwere 0.45, 0.03, 0.28, 0.01 and 0.03, respégtiVide
observed values of THQs were lower than the safedstrd 1 (USEPA, 2011). Although, the THQs of aisen
copper, mercury, nickel and zinc are lower thamadad but) THQs of these metals (HI) was near to the standard
lin Catla catla and it was 1.01, indicates that ingestion of mar®unt ofCatla catla frequently may result in non-
carcinogenic risk in consumers in future. The rigls mainly contributed by Arsenic, which may cacisenic non-
carcinogenic effects. The HI value of copper, mercmickel and zinc sum for other species is lowkan the
standard 1, demonstrated that ingestion of theseffom Kolkata wetlands does not result in oveosxpe of these
chemicals. Thus, no adverse effect poses to tHehtefahe consumers.

The average value of target cancer risk (TR) wésutated for As and Ni only, since Cu, Hg and Zd dt show
carcinogenicity. The average value of TR for arseamd nickel was 8.6xI0(range, 4.7x18, Labeo rohita to
1.5x10% Catla catla) and 4.7x10 (range, 3.0x18, Oreochromis nilotica to 5.8x10°, Catla catla), respectively.
Comparing the TR values with guideline values, ¢atiks that fish from Kolkata wetlands are safe Homan
consumption but, may have the probability of coetirey cancer due to As and Ni exposure over a ldatime of
70 years or more in future.

4, Conclusion

In this study, the selected fish individuals had ahétvels below the guideline values establisheddifferent

environmental agencies. Nonetheless, the estimafianncarcinogenic risk (THQs) conducted in thisgdlg showed
that adverse health effects may not occur wheniderisg different fish consumption patterns. Howewuarget

cancer risk (TR) due to As and Ni exposure throfigfhconsumption may have the probability of coctiregy cancer
over a long lifetime in future More intensive studyneeded in order to determine the metals irefdhom the study
area, and not only to report levels of contaminantsalso had important to compare them with heaitieria values
to easily understood by the general populationthemmore, it is well known that fish may contain ariety of

bioaccumulative organic chemical contaminants saghlioxins/furans, chlorinated pesticides, and gdbrinated

biphenyls (PCBs) that are a health concern. Thezefin addition to metal studies, other chemicajjanic

contaminants of concern must be evaluated in efidgiidfrom Kolkata wetlands.
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