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Risk Assessment of Some Heavy Metals in Nile Tilapia

EXTENDED ABSTRACT

Introduction

In recent years, the global consumption of fish has
increased dramatically as a result of wider and
deeper knowledge of the benefits of fish for
human health. However, fish are at the top of the
aquatic food chain and may accumulate large
amounts of metals in their bodies. For this reason,
fish consumption is considered one of the main
ways of human contact with heavy metal
pollution. Tilapia is the third aquaculture product
after carp and salmon. Tilapia farming is
developing very fast globally. Few studies have
been conducted to evaluate the risk of consuming
Tilapia in terms of the amount of heavy metals in
Iran, and there is no information about the amount
of heavy metals of consumers and assessing the
possible risk of consuming this fish daily.
Therefore, it is very important to study the risk of
consuming this seafood and evaluate it, especially
for wvulnerable groups such as children and
pregnant women. The purpose of this research
was to evaluate the risk of metals (lead,
chromium, mercury, arsenic, and nickel) on the
health of children and adults through the
consumption of Nile Tilapia cultured in the
Biofloc system. The results of this research will
help relevant organizations to maintain health and
sustainable development of society.

Material and Methods

30 samples of Tilapia cultured in the Biofloc
system with an average weight of 640 g and a total
length of 32.5 cm were caught and transported to
the laboratory in ice. After preparing the samples,
an atomic absorption device was used to measure
the concentration of heavy metals. The average

concentration of metals, the daily intake (DI) of
metals through the frequency of consumption of
Tilapia for different groups (adults and children
with an average age of 10 years), the risk index
(HQ), the number of allowed servings of Tilapia
per month(CRmm) was calculated for people in
different groups. The amount of RfD for lead,
mercury, chromium, arsenic, and nickel was
considered as 0.0035, 0.0001, 0.005, 0.0003, and
0.02 d/pg/kg, respectively. Carcinogenesis risk
for each pollutant (CR) and for total pollutants
(TCR) was calculated, where CR indicates the
lifetime risk of carcinogenesis as a result of
exposure to a specific pollutant. EDI is the amount
of daily absorption of the target pollutant in mg/kg
BW of the body and CSF is the slope factor of
carcinogenicity through ingestion, whose values
are 0.0058, 0.5, 1.5, and 1.7 d/mg/kg for lead,
chromium, arsenic, and nickel, respectively.

Results

The average concentration of metals including
lead, nickel, cadmium, mercury, arsenic, and
chromium in Tilapia muscle tissue was 0.098,
0.039, 0.006, 0.50, and 0.015 pg/g wet weight,
respectively. The results of non-carcinogenic risk
indicators of metals in Tilapia for people in
different groups (adults and children) are shown
in Table 1. The highest and lowest daily
absorption rates in the adult group are related to
arsenic elements (2.08x10 pg/kg/d) and mercury
(2.49x10° pg/kg/d) in the children group,
respectively. Moreover, the hazard index (HQ) for
both study groups was lower than one. The HI rate
was 0.83 for adults and 0.02 for children, which
was lower than one. For adults, the HI index was
closeto 1.

Table 1 Values of EDI, HQ, and HI (g/kg/dp) of the studied elements as a result of consuming Tilapia for adults

and children
Elements EDI HQ

Adults Children Adults Children
Pb 3.75x10° 4.93x10° 0.010 0.014
Cr 1.04x10 5.47x10 0.104 0.005
Hg 2.49x10 % 3.28x10 0.024 0.0003
Ar 2.08x10* 2.73x 107 0.695 0.0009
Ni 3.34x10°% 4.38x10 0.0001 0.047
HI 0.83 0.02

The maximum  permissible amount of respectively). In terms of the carcinogenic risk

consumption for Tilapia was for nickel for adults
and children (175 and 80 kg/d, respectively) and
the lowest amount of consumption for adults and
children was for arsenic (0.042 and 0.01 kg/d,
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potential for adults, lead was in a very small risk
range and, in other words, safe (less than 10%),
chromium and nickel were in a permissible and
tolerable range (between 10 and 10). but for
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arsenic, it exceeded the value of 10, and there is
a possibility of creating a risk of carcinogenesis
for adults in terms of the amount of this element
in the muscle tissue of Tilapia (Table 2).

Table 2. CR index values of studied elements and TCR as a
result of consuming Tilapia for adults and children

Elements CR

Adults Children
Fb 10 7x3.19 10 7x4.19
cr 105x5.21 106x2.73
A 10x3.13 10 7x4.1
Ni 106x2.80 105x3.68
TCR 10*x3.68 106x7.25

In the case of children, the carcinogenic risk index
for lead and arsenic was within the safe limit, for
chromium and nickel within the allowable and
tolerable limit. The TCR value for adults was
greater than 1x104, which indicates the possibility
of creating a risk; But for children, the amount
was less than this, which indicates a low risk of
carcinogenesis.
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Conclusions

The hazard index (HQ) for the groups of adults
and children was lower than one for all elements.
The HI rate for adults and children was lower than
one. The value of this index for adults was close
to 1, which according to the HQ values of each
element, the greatest increase in HI value can be
due to the higher HQ value for arsenic. Except for
arsenic, there is no restriction on consumption of
other elements for any of the groups of adults and
children. The carcinogenic risk index (CR) for Pb,
Cr, and Ni was in the range of very small risk or
safe level for adults. In general, consuming
Tilapia has no health risks for adult and children,
but considering the results of arsenic and in case
of consumption of 4 or 5 servings per month, it is

recommended to be cautious about their
consumption by adults, especially pregnant
women.

Data Availability
The data generated in this research is presented in
the text of the article.
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Table 1 Biometry of studied fishes

Name Scientific name Number  SD* +Mean total SD*+Mean Moisture
length (cm) weight (g) content (%)
Tilapia  (Oreochromis niloticus) 30 325 +2.01 640 + 40.03 80
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Table 2 Mean and range of concentrations of lead,
chromium, mercury, arsenic and nickel (ug/g wet
weight) in Tilapia muscle tissue and standard limits

(ng/g wet weight)
Eleme +SE? Highest Lowest Standa
nt Mean concentrat  concentrat rd
ion ion limit
Pb 0.09+0.02 0.14 0.07 0.3°
8
Cr 0.063 0.014 1b
0.03+0.02
9
Hg 0.0+0.001 0.01 0.003 0.5
06
Ar 0.09 0.68 0.36 1.4°
0.50 =
Ni 0.0+0.003 0.022 0.011 0.5¢
15
shuteul o> © (USEPA 2009) USEPA sjuliul o> ¥ (les slas 2

(FAO/WHO 2007) FAO/WHO
yolie sonliwwsds (Sl polis dwlio anlllae cpl o
Oeilee a5 ams oo L o laslinl yyolae b oo (5 S oslal
USEPA Liugs saisodlel jlxs sga> 5l jols dan clale
(FAO/WHO 2007) FAO/WHO 4 (USEPA 2009)
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USEPA 2000; AFS 2010; USEPA ) .o 4355 ,Las ,o

(2011

ol O 51 -5-¥
oy polie IARC) b s Sladzs  Modlips (uils]
A bl glisa 1) USS s paeeeld oSk
G8l9d j9id 0gax 3590 50 Cesl 03505 (B yae 25 s
USEPA) coul oo (aseine oyl oljolo s sl 5 oo
L (CR) "aoan¥T 51 sy sl alsolbo o slas (2011
L (TCR) ooV ggame slp g (V) akal, 5l oolarul

(USEPA 2000) 54 co dumslee (A) alayl; 51 oolazn!

CR = EDI X CSF )
TCR =YY", CR;_p )

axi;d |y e Jsb 5o pliolb e S Glie CR WS
i e EDI s e ylis ol sar¥T b agles
CSF? 5 o mg/kg BW o> ,aso g0 0an¥T il
4 o) ool a5 sl gl By Sl 3ol 5SS
0N S s ST ey ,S o il (6l o
TCR (USEPA 2000) <l VY mg/kgrd 5 Vid /0
Sl s g0 slrosu¥T ase ol s gaame
Tzl b @l b Jlaisl sl CR <7 -
1Ll o] Lo B b jlome 0> 4o ,las ) T>CR>Y -
USEPA 2000; AFS ) caul x5 bl s CR>™\ -

.(2010; USEPA 2011
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Table 3 Values of EDI, HQ and HI (g/kg/dp) of the studied elements as a result of consuming Tilapia for adults

and children
Element EDI HQ

Adults Children Adults Children
Pb 3.75x10 493x10°5 0.010 0.014
Cr 1.04x104 5.47x 106 0.104 0.005
Hg 2.49x106 3.28x10° 0.024 0.0003
Ar 2.08x104 2.73x 107 0.695 0.0009
Ni 3.34x10°6 4.38x106 0.0001 0.047
HI 0.83 0.02

Siraj et al. 2014, Barone et) s ls ,1,8 pH 4 (5,5
.@l. 2022

azisyo anlllacsd g0 polic CRnm 9 CRim polie -F Jgox

5855 5 Y55 (6l Lodls ale B e
Table 4 CRIim and CRmm values of studied elements
as a result of consuming Tilapia for adults and

children
Element CRiim’ CRim"
Adults Children Adults Children
Pb 2.72 1.24 365 278
Cr 7 3.2 938 716
Hg 1.66 0.53 156 119
Ar 0.042 0.01 5 4
Ni 175 80 2346 1790

(kg/d) ale G yan jlxe olje yiSTas
(oLo}Ib JERRTT slaws) u’_ml,c &_é),a.o )[;u u‘;:-*’ J“S“‘\’ Y

obale ;5 i)l wile s VT clale Jiolidl 5ole @
wlio yoin g dallland jgo 4555 sl s cble I Shio w5 oo
Sl sl Lmo] S gl j Mﬂ ‘;.39”
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Table 5 CR index values of studied elements and TCR
as a result of consuming Tilapia for adults and

children
Element CR
Adults Children
Pb 3.19x10°7 4.19x107
Cr 5.21 x10°° 2.73 x10°6
Ar 3.13 x10 -4 4.1 x10 7
Ni 2.80 x10°6 3.68 x10 -6
TCR 3.68 x10 4 7.25x10 6
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