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INTRODUCTION  
Umrar Dam is constructed in Ufri; Umaria district on the Umrar River 
in 1990.Water capacity of the dam is 18.9 million m3. Irrigation was 
the main purpose for constructing this Dam but now it is being used for 
sh culture by sheries department of Umaria and irrigation too. Water 
of this dam is also used by the villagers living around this dam for 
domestic purposes. This is also known as Kaari Maati (Black Soil) 
Dam. This is one of the most beautiful places around Umaria Town, 
Coordinates, 23°29'2"N   80°49'25"E.
    
The pollution of the aquatic environment with heavy metals has 
become a worldwide problem in recent years, because they are 
indestructible and most of them have toxic effect on organisms 17.In 
the recent years, world consumption of sh has increased 
simultaneously with the growing concern of their nutritional and 
therapeutic benets. In addition to its important source of protein, sh 
typically have rich contents of essential minerals, vitamins and 
unsaturated fatty acids19.The American Heart Association 
recommended eating sh at least twice per week in order to reach the 
daily intake of omega-3 fatty acids. However, sh are relatively 
situated at the top of the aquatic food chain; therefore they normally 

09can accumulate heavy metals from food, water and sediments.
                    
In the last few decades, the concentrations of the heavy metals in sh 
have been extensively studied in different parts of the world.13Most of 
these studies concentrated mainly on the heavy metals in the edible 
parts that is sh muscles however other studies reported the 
distribution of metals in different organs like the liver, kidney, hearts, 
gonads, bone, digestive tract, gills and brain. The content of toxic 
heavy metals in sh can counteract their benecial effects and may 
cause many adverse effects on human health this may include serious 
threats like renal failure, liver damage, cardiovascular diseases and 

16, 18even death. 

Heavy metals are implicated in neurological disorders especially in the 
foetus and in children, which can lead to behavioural changes and 
impaired performance in intelligent quotient (IQ) test15.The quality of 
the ecosystem has been degrading due to agriculture and human 
activities. Fish is an important component of the human diet in many 
villages and cities in Shahdol division of central India and Umrar Dam 
is the very enormous source of sh culture and transportation of shes 
to different region of Shahdol division and other places too, for this 
reason, the results obtained from the study would provide information 
on background levels of metals in the sh species of the river Umrar, 
contributing to the effective monitoring of both  environmental quality 
and the health of organisms inhabiting the river ecosystem.

It is therefore very important for study to be conducted on the 
concentration of heavy metals in the tissues of shes of river Umrar in 
Umrar dam at Umaria district in central India and check whether or not 

the concentration levels are within the permissible limits for human 
consumption in comparison to safety reference standards for the 
consumption of sh. Because in this area many people are dependent 
on sh as a food, especially sher mans and it may cause severe health 
hazards.  

Figure: 1-Image showing Umrar Dam with three different sites 
(white spots) in Google map. 

MATERIALS AND METHODS 
FISH SAMPLING
12 water samples and 24 commercial sh samples were used for study 
in three seasons of the year summer, winter and rainy, during two years 
(from 2015-16 to 2016-17) from every site. The collected species were 
Labeo rohita, Rasbora daniconius and Ompak bimaculatus. These sh 
species represent different biotopes and are economically important. 
Collected sh were immediately preserved in an ice box and 
transferred to the laboratory where they were classied, weighed, 
measured by total length and kept frozen at −20 °C until further 
analysis. The sh and water samples collected from the different sites 
and analyzed at laboratory. Atomic Absorption Spectrophotometer 
(AAS) was used for the determination of the heavy metals in the tissue 
and water samples. 

DETERMINATION OF METAL CONCENTRATIONS
Preparation of subsamples and analysis were made for metal analysis, 
frozen sh were partially thawed and each sh was dissected using 
stainless steel instruments. Muscles, Liver, Gills, Kidney and Gonad 
were taken out and dehydrated it, in oven, composite samples of 2–5 g 
were used for subsequent analysis.

The samples were digested with ultra pure nitric acid at 100°C until the 
solution become clear. The solution was made up to known volume 
with deionized distilled water and ltered, using 0.45 micron Filter 
paper with the help of swinex and analyzed for Cu, Zn, Pb, Fe and Hg 
using the Atomic Absorption Spectrophotometer (AAS model ELICO, 
SL-168) the obtained results were expressed as mg/kg.
                   
Heavy metals Cu, Zn, Pb, Fe and Hg concentration in water also 
measured using the Atomic Absorption Spectrophotometer (AAS 
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ABSTRACT
The concentrations of heavy metals (Cu, Zn, Fe, Pb and Hg) were measured in the Muscles, liver, gills, kidney and gonad of sh species collected 
from Umrar Dam, Umaria in central India. The levels of heavy metals varied signicantly among sh species and organs.  Muscles possessed the 
lowest concentration of metals. The essential metals as Cu were accumulated mainly in liver and gonad, Zn accumulated mainly in Gills and Liver, 
Fe were accumulated in all organs with little bit uctuation in concentration while Pb accumulated in gill, liver and gonad and Hg levels were below 
detectable limits. The concentration of metals in the present sh organs within the permissible limits given by WHO and FAO but in case of Pb these 
are higher than the limits. This is also noticeable that the concentration of metals is higher in summer seasons while lowest concentrations are found 
in winter. This study reveals that shes found in this dam are not suitable for human consumption it may cause severe health hazard because of high 
concentration of lead and The Bioaccumulation Factor values of the heavy metals analyzed in this study showed that bioaccumulation has occurred 
in the sh in the alarming rate. According to previous study, muscles are not active site for the accumulation of metals but in our study it showed that 
muscles are also the site where metals can be accumulated in maximum level and it also showed that particular organs are not responsible for the 
accumulation of particular metal, every studied organ shows accumulation of all studied metals in different level of concentrations.
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model ELICO, SL-168), the obtained results were expressed as ppm 
(mg/l).

DETERMINATION OF BIOACCUMULATION FACTOR
Bioaccumulation of metal occurs through uptake and retention of a 
substance from water through body surfaces and gill membrane. 
Bioaccumulation factor was determined by the ratio of metal 
concentration in organ and its concentration in the water, according to 
Kalfakakour and Akrida-Demertzi, 2000.

BAF = M tissue/M water.
Where; M tissue is the metal concentration in sh tissue mg/kg and M 
water, metal concentration in water mg/L.

STATISTICAL ANALYSIS
Results were generally expressed as mean ± standard deviation and 
one way ANOVA test was used to compare the data among seasons at 
the level of 0.05.

OBSERVATIONS
Concentrations of heavy metals (Cu, Zn, Pb, Fe and Hg) in the 
muscles, liver, gill, kidney and gonad of sh collected from the 
different sites of Umrar Dam. 

As shown in Table-01, the contamination levels of these ve metals 
were high in tissues. Specially, the concentration of Pb exceeding, 
FAO and WHO target values. Consumption of water as well as sh 
may create health problems related with Pb contamination may occur 
in human beings.

The accumulation of metals in a single species showed signicant 
inter-specic variations in all metals. However it can be noticed that, 
different organs exhibited different patterns in metals accumulation. In 
other words, no single type of sh showed the highest metals in all 
organs. Therefore, concentrations of metals between species were 
analyzed in single organ; all results showed signicant variations 
between species. Furthermore, some sh from the same species 
collected from different sites also signicantly accumulated different 
concentrations of metals. Variations of metals distribution in the 
studied sh can be summarized as the following:

Table-1:- Table showing mean (±SD) concentrations of heavy 
metals (mg/kg) in some organs of fish species collected from Umrar 
Dam.

Table-2:-Table showing maximum permissible limit (MPL) of 
heavy metals in fish tissues (mg/kg) according to international 
standards.
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   FISH 
SPECIES

ORGAN
S

Metals Cu Zn Fe Pb

Labeo 
rohita

Muscles Summ
er 

0.292±0.
001

0.045±0.
001

0.325±0.
004

0.840±0.0
01

Rainy 0.021±0.
001

0.043±0.
001

0.296±0.
002

0.789±0.0
00

Winter 0.022±0.
001

0.046±0.
000

0.298±0.
002

1.788±0.0
00

Liver Summ
er 

1.463±0.
001

2.204±0.
096

0.883±0.
003

1.846±0.0
01

Rainy 0.299±0.
001

0.102±0.
000

0.802±0.
001

1.841±0.0
01

Winter 0.297±0.
000

0.101±0.
000

0.786±0.
003

2.841±0.0
01

Gills Summ
er 

1.298±0.
000

2.873±0.
016

0.228±0.
002

3.081±0.0
00

Rainy 0.998±0.
001

1.852±0.
001

0.202±0.
001

3.068±0.0
01

Winter 0.978±0.
009

2.643±0.
001

0.203±0.
001

2.056±0.0
00

Kidney Summ
er 

3.440±0.
005

0.198±0.
096

0.837±0.
002

0.043±0.0
00

Rainy 2.452±0.
002

0.120±0.
000

0.824±0.
003

0.099±0.0
01

Winter 2.401±0.
001

0.197±0.
000

0.794±0.
005

0.085±0.0
00

Gonad Summ
er 

1.177±0.
001

0.218±0.
115

0.903±0.
003

3.050±0.0
01

Rainy 1.065±0.
001

0.122±0.
000

0.853±0.
002

3.046±0.0
00

Winter 1.049±0.
001

0.123±0.
000

0.786±0.
001

2.067±0.0
00

Rasbora 
daniconi
us 

Muscles Summ
er 

0.226±0.
001

0.201±0.
002

1.224±0.
002

0.788±0.0
01

Rainy 0.201±0.
000

0.200±0.
001

1.204±0.
001

0.776±0.0
00

Winter 0.242±0.
000

0.201±0.
001

1.222±0.
001

0.776±0.0
00

Liver Summ
er 

1.562±0.
000

1.204±0.
000

1.788±0.
010

0.806±0.0
01

Rainy 1.432±0.
002

0.199±0.
001

0.778±0.
001

1.804±0.0
01

Winter 1.422±0.
001

0.198±0.
000

0.680±0.
002

1.801±0.0
01

Gills Summ
er 

1.280±0.
001

2.883±0.
001

0.205±0.
004

4.832±0.0
00

Rainy 0.988±0.
001

2.879±0.
001

0.201±0.
001

3.765±0.0
01

Winter 0.989±0.
002

1.852±0.
001

0.202±0.
001

3.752±0.0
00

Kidney Summ
er 

3.241±0.
002

0.200±0.
002

0.759±0.
005

0.799±0.0
00

Rainy 1.990±0.
001

0.196±0.
001

0.754±0.
001

0.726±0.0
01

Winter 2.984±0.
004

0.194±0.
000

0.752±0.
002

0.725±0.0
00

Gonad Summ
er 

2.210±0.
002

0.218±0.
000

2.886±0.
003

3.786±0.0
01

Rainy 1.122±0.
001

0.216±0.
001

1.979±0.
002

3.740±0.0
00

Winter 1.124±0.
001

0.216±0.
001

2.870±0.
002

2.755±0.0
00

Ompak 
bimacula
tus

Muscles Summ
er 

0.229±0.
001

0.268±0.
000

0.326±0.
004

0.810±0.0
01

Rainy 0.122±0.
001

0.260±0.
002

0.220±0.
002

0.806±0.0
00

Winter 0.117±0.
000

0.260±0.
002

0.363±0.
002

0.805±0.0
00

Liver Summ
er 

2.010±0.
001

1.201±0.
000

1.854±0.
001

2.837±0.0
01

Rainy 2.778±0.
001

0.200±0.
001

0.853±0.
000

1.837±0.0
01

Winter 1.763±0.
002

0.200±0.
001

1.705±0.
010

1.826±0.0
01

Gills Summ
er 

0.823±0.
002

2.562±0.
003

1.490±0.
002

2.880±0.0
02

Rainy 0.725±0.
004

1.558±0.
002

0.400±0.
004

3.821±0.0
01

Winter 0.993±0.
003

2.502±0.
003

0.339±0.
002

2.798±0.0
02

Kidney Summ
er 

4.001±0.
001

0.255±0.
001

0.685±0.
004

0.844±0.0
00

Rainy 3.994±0.
005

0.253±0.
002

0.782±0.
002

0.790±0.0
01

Winter 2.872±0.
003

0.250±0.
001

0.699±0.
002

0.789±0.0
00

Gonad Summ
er 

2.452±0.
002

0.288±0.
001

2.738±0.
002

3.855±0.0
01

Rainy 0.654±0.
001

0.270±0.
000

0.863±0.
002

2.789±0.0
01

Winter 1.582±0.
002

0.271±0.
000

1.764±0.
000

2.789±0.0
01

Cu Zn Fe Pb

FAO/WHO limit(2011) 30 40 43 0.5

*FAO(1983) 30 30 --- 0.5



*Food and Agriculture Organization
**World Health Organization
***Food Safety Authority of Ireland
****Food Safety and Standard Authority of India

Table-03:-Table showing mean (±SD) concentrations of heavy 
metals (ppm) in water collected from Umrar Dam, Umaria 
district, Shahdol division (Umrar River).

Table-04:-Table showing bioaccumulation factors of heavy metals 
in fishes collected from Umrar Dam, Umaria district, Shahdol 
division (Umrar River).

HEAVY METAL ANALYSIS IN TISSUES
Copper (Cu)
The copper concentration in the tissues of Labeo rohita is highest in the 
summer season in about all organs taken for observation .Copper 
concentrations are reached the highest level in kidney in summer 
(3.440±0.005) whereas lowest concentrations are found in muscles in 
rainy season (0.021±0.001).In Rasbora daniconius copper 
concentration reached the highest in kidney in summer (3.241±0.002) 
and lowest are found in muscle in rainy season (0.201±0.000) and in 
Ompak bimaculatus  highest concentration is in kidney 
(4.001±0.001)in summer whereas lowest is in muscles in rainy season 
(0.122±0.001). Copper concentrations varied highly signicantly 
(P<0.001) from season to season in organs of all experimental shes.
Zinc (Zn)

The Zinc concentration in the tissues of Labeo rohita is highest in 
summer whereas lowest concentrations are found in winter. Zn 
concentrations are reached the highest level in gills in summer 
(2.873±0.016) whereas lowest concentrations are found in muscles in 
rainy season (0.043±0.001).Zn concentrations varied highly 
signicantly (P=0.001) from season to season in organs of Labeo 
rohita. In Rasbora daniconius Zn concentration reached the highest in 
gills in summer (0.194±0.000) and lowest are found in Kidney in 
winter season (2.883±0.001). Zn concentrations varied highly 
signicantly (P<0.001) from season to season in organs of Rasbora 
daniconius and in Ompak bimaculatus highest concentration is in gills 
(4.001±0.001) in summer whereas lowest is in liver in rainy and winter 
seasons (0.200±0.001). Zn concentrations varied highly signicantly 
(P<0.001) from season to season in organs of Ompak bimaculatus.
Iron (Fe)

The Fe concentration in the tissues of Labeo rohita is highest in 
summer whereas lowest concentrations are found in winter. Fe 
concentrations are reached the highest level in gonad in summer 
(0.903±0.003) whereas lowest concentrations are found in gills in 
rainy season (0.202±0.001).Fe concentrations varied highly 
signicantly (P<0.001) from season to season in organs of Labeo 
rohita. In Rasbora daniconius Fe concentration reached the highest in 

gonad in summer (2.886±0.003) and lowest are found in gills in rainy 
season (0.201±0.001). Fe concentrations varied highly signicantly 
(P<0.001) from season to season in organs of Rasbora daniconius and 
in Ompak bimaculatus highest concentration is in gonad 
(2.738±0.002) in summer whereas lowest is in muscle in rainy seasons 
(0.220±0.002). Fe concentrations varied signicantly (P=0.05) from 
season to season in organs of Ompak bimaculatus.

Lead (Pb)
The Pb concentration in the tissues of Labeo rohita is highest in 
summer whereas lowest concentrations are found in winter. Fe 
concentrations are reached the highest level in gills in summer 
(3.081±0.000) whereas lowest concentrations are found in kidney in 
summer season (0.043±0.000).Pb concentrations varied highly 
signicantly (P<0.001) from season to season in organs of Labeo 
rohita. In Rasbora daniconius Pb concentration reached the highest in 
gills in summer (4.832±0.000) and lowest are found in kidney in winter 
season (0.725±0.000). Pb concentrations varied highly signicantly 
(P<0.001) from season to season in organs of Rasbora daniconius and 
in Ompak bimaculatus highest concentration is in gonad 
(3.855±0.001) in summer whereas lowest is in kidney in winter 
seasons (0.789±0.000). Pb concentrations varied highly signicantly 
(P<0.001) from season to season in organs of Ompak bimaculatus.

HEAVY METAL ANALYSIS IN WATER
The Lead concentrations in the water are highest in the summer season 
whereas lowest concentrations are found in Rainy season. Iron and 
Zinc are found in highest concentration in Rainy while lowest in 
summer. Copper (Cu) is one of the metal, which are essential to human 
health. It's presence in the aquatic environment may be due to 
accumulation of domestic and agricultural wastes but we did not found 
this metal in Dam water. The concentration of Zn in this site is under 
permissible limit. It is an essential mineral of importance to both plants 
and animals.

In this study, lead levels were above the recommended limits (0.1ppm) 
for water. Pb is a toxic element, which has no signicant biological 
function and shows their carcinogenic effects on aquatic biota and 
humans even at low exposures. Pb exposure is known to cause 
musculo-skeletal, renal, ocular, neurological, immunological, 
reproductive and developmental effects. In present study mining, 
fertilizers, domestic waste products and activities of boats are main 
reasons of heavy metal contamination, which is responsible for the 
many health hazards in population living across the Dam.

BIOACCUMULATION FACTOR
The concentration of chemicals in aquatic organism can be calculated 
by Bioconcentration factors and Bioaccumulation factors. Both 
factors demonstrate the partitioning of a chemical between water and 
aquatic organisms (often sh) at abiding state conditions.BCF refers to 
levels in organisms only due to uptake of surrounding water whereas 
BAF refers to levels in organisms not only due to uptake from the 
surrounding water from food also. 

BCF in animals can therefore only be measured in laboratory studies, 
where uptake from food can be restricted, whereas the ratios measured 
in eld are BAF. Bioaccumulation factors are commonly used in 
assessment models, as they provide a pollution-scale independent 
parameter. Bioaccumulation factors are easy to calculate. In aquatic 
systems the factors are usually expressed in the unit L/kg based on 
concentrations measured as mg/kg and mg/L, respectively. Although, 
it is known that bioaccumulation factors (BAF) for a given element 
vary widely among organisms as well as environments, they are often 
treated as spatially and temporally constants.

In Labeo rohita, Zn prole was Gill> Liver>Kidney> Gonad> 
M u s c l e s .  T h e  p r o  l e  o f  F e  i n  t h e  s t u d y  w a s 
Gonad>Liver>Kidney>Muscles>Gill. Pd prole for BAF in the sh 
was Gills>Gonad > Liver> Muscles>Kidney. In this sh the 
accumulation of metals were found maximum in, Gills and Gonads.

In Rasbora daniconius, the prole of Zn was Gills>Liver> Gonad> 
Muscles> Kidney.  The prole  of  Fe in  the  s tudy was 
Gonad>Muscles>Liver>Kidney>Gill. Prole of Pb was Gill> Gonad> 
Liver> Muscle> Kidney. In this sh the accumulation of metals were 
found maximum in, Gills and Gonads.

In Ompak bimaculatus, BAF Prole for Zn was Gills> Liver> Gonad> 
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**WHO 1989 30 100 100 2

***FSAI(2009) - - - 0.3

****FSSAI(2011) 30 50 2.5

Heavy Metals Cu Zn Fe Pb Hg

Summer ND 0.043±0.002 0.691±0.001 0.840±0.000 ND

Rainy ND 0.074±0.003 0.727±0.001 0.824±0.001 ND
Winter ND 0.071±0.010 0.724±0.000 0.827±0.001 ND

   FISH SPECIES ORGANS Zn Fe Pb

Labeo rohita Muscles 0.709 0.429 1.372
Liver 12.734 1.153 2.622

Gills 38.983 0.295 3.295

Kidney 2.725 1.146 0.091

Gonad 2.450 1.187 3.278

Rasbora daniconius Muscles 3.185 1.704 0.940

Liver 8.471 1.277 1.771

Gills 40.289 0.284 4.959

Kidney 3.122 1.057 0.903

Gonad 3.439 3.611 4.129

Ompak bimaculatus Muscles 4.169 0.424 0.972

Liver 8.471 2.06 2.610

Gills 35.037 1.040 3.815
Kidney 4.011 1.011 0.973

Gonad 4.386 2.505 3.788



M u s c l e s  >  K i d n e y .  F e  p r o  l e  i n  t h e   s h  w a s 
Gonad>Liver>Gill>Kidney>Muscles. Prole of Pb was Gill>Gonad 
>Liver> Kidney> Muscle. In this sh the accumulation of metals were 
found maximum in, Gills and Gonads.

DISCUSSIONS
Knowledge of heavy metal concentrations in sh is important for both 
human consumption and nature management in this study; we 
examined metals in tissue of experimental shes to evaluate heavy 
metal concentrations in Umrar dam. It is also aimed to investigate 
whether metal concentrations varied seasonally in the study.

Present study showed the essential metals as Cu were accumulated 
mainly in liver, kidney and gonad, Zn accumulated mainly in Gills and 
Liver, Fe were accumulated in all organs with little bit uctuation in 
concentration and Pb were accumulated mainly in gills and gonad.

The accumulation of metals in liver is probably linked to its role in 
metabolism23 high levels of Cu and Zn in hepatic tissues are usually 
related to a natural binding proteins such as metallothioneins11 which 
act as an essential metal store as Zn and Cu to full enzymatic and other 
metabolic demands22 while Fe tends to accumulate in hepatic tissues 
due to the physiological role of the liver in blood cells and 
haemoglobin synthesis11.On the other hand, the liver also showed 
high levels of non-essential metals such as Pb to displace the normally 
metallothioneins associated metals in hepatic tissues02.previous 
studies also show similar trends to accumulate high level of essential 
and non-essential metals in liver cells in shes.23,07,03,12,06                         
Presence of these metals in gills shows that gills are main route of metal 
ion exchange from water 20 as they have large surface area and 
facilitate rapid diffusion of toxic metals 05.Therefore it is suggested 
that metals accumulated in gills are mainly concentrated from water 
specially Pb and Zn, previous studies also show the similar things 
as14,04,01,20,07. 

In present study highest concentrations of metals are found in summer 
season whereas lowest concentrations are in rainy and winter seasons. 
The increase of heavy metal levels in summer and winter could be 
related to increasing physiological activity of sh during summer, 
primarily caused by the increasing water temperature and decrease in 
water level because of agricultural activities and domestic activities or 
high temperature as well. For all seasons we found Cu, Zn and Fe are 
under the limits of WHO, FAO, FSAI and FSSAI while Pb 
concentrations are higher than the permissible limits.

It is well known that muscles are not active site for metal 
biotransformation and accumulation08 but in polluted aquatic habitats 
the concentration of metals in sh muscles may exceed the permissible 
limits for human consumption and imply severe health threats.

CONCLUSIONS
The Bioaccumulation Factor values of the heavy metals analyzed in 
this study showed that bioaccumulation has occurred in the sh in the 
alarming rate. According to previous study 01, 06, 09 muscles are not 
active site for the accumulation of metals but in our study it showed 
that muscles are also the site where metals can be accumulated in 
maximum level and it also showed that particular organs are not 
responsible for the accumulation of particular metal, every studied 
organ shows accumulation of all studied metals in different level of 
concentrations.

The concentration of metals in the present sh organs within the 
permissible limits given by WHO and FAO but in case of Pb these are 
higher than the limits. So health risk analysis of heavy metals in the 
edible part (muscle) of the sh indicated safe levels for human 
consumption and concentrations in the muscles are generally accepted 
by the international legislation limits however, whole sh with all 
organs specially small size shes and the ovary is consumed by many 
people's of this region so study reveals that shes found in this dam are 
not suitable for human consumption it may cause severe health threats.
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