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Abstract: The research paper isfocused on distribution of toxic metal in various tissues of different shrimp species, and in surface and
bottom water sediments. The possible roles of these trace elements in this regard are emphasized. Moreover, patterns of toxic metal
bioaccumulation and their order of occurrence have been evaluated. Another part of this paper dealswith comparison of the related data
from different aguatic environments as well as existing guidelines and limits for human consumption. Comparison between the mean
concentrations of the toxic metal in Carapace, gills, remaining body tissues and whole body tissues and in water samples are compared
with existing guidelinesindicate that the concentrations of Zn, Fe, and Naarewell below the permissible levelsfor human consumption.
However the concentrations of Cu and Pb were observed somewhat greater than some of the recommended levels as prescribed by
FAO/WHO and cited literature.
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1. Introduction

Coastal belts are highly populated and urbanized
with industries. Marine food such as fish, prawn, crab
and mussel are delicacies and form an important staple
part of daily food. The bioavailability of trace metalsis
the key factor determining tissue metal levels in the
marine biota. The tendency of heavy metals to get
accumulated in marine animals is of scientific interest
in heavy metal chemistry. Trace metal uptake occurs
directly from surrounding marine water across the
permeable body surface and from food aong with the
seawater to the gut [1]. Fish, crab and prawn form an
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important link as possible transfer media to human
beings. Information on the level of heavy meta
pollution in coastal environment is important as they
cause serious environmental health hazards [2-4].
Pollution of aguatic environments with heavy metals
has seriously increased worldwide attention and under
certain environmental conditions, fish, Prawns and
shrimps may concentrate large amounts of some metals
from the water in their tissues. Heavy metals such as
Cu, Zn, Fe, Naand Pb are potentialy harmful to most
organisms even in very low concentrations and have
been reported as hazardous environmental pollutants
able to accumulate along the aquatic food chain with
severe risk for animal and human health [5]. Toxic
heavy metal can cause dermatological diseases, skin
cancer and internal cancers (liver, kidney, lung and
bladder), cardiovascular disease, diabetes, and anaemia,
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aswell asreproductive, developmental, immunological
and neurological effectsin the human body [6, 7].

Hence it is necessary to monitor the concentration of
these contaminants in prawns and shrimps so that a
warning signals can be given to the society in case the
concentration levels cross the threshold limits. The
available literature reveals that the inshore water of the
above creeks around Mumbai possesses elevated levels
of contaminants and their consistent inputs have resulted
their high build up amarine organism particularly fishes,
prawns and shrimps. Hence it is expected that the sea
food available around Mumbai may have elevated levels
of pollutants. These contaminantsif determined can lead
to identify causes of disease or toxic effects which
would be prevented in the population.

At present the population of Mumbai is severaly
suffering from lots of disorders particularly respiratory
and digestive due to air and drinking waters. Most of
these causes have been identified and remedid
measures have been taken up. However, toxic effect
dueto metal contamination of fish, Prawns and shrimps,
which is a main diet of mgjority of the population of
Mumbai is not primarily addressed and completely
neglected. In fact the relevant toxic effect may be
already prevalent in the society and most probably they
may become severe in due course of time. Hence, the
stage has already reached to address the problem in
detailed and to dig the thought under the problem.

It is therefore necessary to determine the extent of
contaminants in prawns and shrimps as one of the
major source of food so that the warning signals can be
given to the society in case the threshold limits have
reached. Even otherwise it becomes necessary to
educate the society of the social evils of pollution. The
study can also provide the information on possible
causes of pollution. So that mitigation measures to
minimize the pollution can be taken in time.

2. Materialsand Methods
2.1 Sample Collection

The Shrimps and water samples were collected from

200 meters away from the Gorai creak of Mumbai from
April, 2014 to December 2014. The Shrimp samples,
packed in propylene bags, were stored at 20°C in deep
freezein the Department of Zoology, S.S& L.S. Patkar
College, Goregaon (West) Mumbai for further
analysis.

2.2 Sample Digestion

The samples were identified as per the FAO
guidelines manua and were brought to the laboratory
in the Department of Zoology S.S & L.S. Patkar
College Goeregaon (West) Mumbai, and washed in sea
water. Five replicates of the above samples containing
shrimps in a Petri dish were oven dried at 80°C for 2
days to get the dry weight (DW). The dried samples
were crushed into a fine powder by mortar and pestle
and pass through a 2 mm sieve and stored in amber
colored bottles in vacuum desiccators. For digestion, 1
mL of concentrated nitric acid 70% was added to the 1
gm of dry weight samples and wait for 24 h, the
samples were digested in Kjeldal flask. This mixture
was digested by heating the flask in a heating mantel, at
100°C for 2 h, and 30% hydrogen peroxide was added
to it intermittently till a pale yellow-colored solution
was obtained. The digestion flask was further heated
gently until frothing subsided and the sample was then
heated to dryness. The residue so obtained was left to
cool for half an hour and dissolved in 30 ml of
deionised water and the solution was filtered using
Whatman filter paper No. 42. The digested sample was
guantitatively transferred into 50 ml flask, and then
diluted with distilled water up to the mark and stored in
a polypropylene bottle. The water samples were well
mixed with 2 mL concentrated HNO3 per liter sample
and capped tightly until they were ready for analysis as
proposed by Ref. [8]. The above procedure was
repeated for all the other samples. All above chemicals
used were of analytical grade.

2.3 Preparation of Sandard Metal 1on Solutions

Theinstrument was calibrated by using standard
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solution of metal with different concentration 1, 2, 3,
10, 20 ppm (Merck, Sigma Aldrich). The graph is
plotted as area Vs concentration and from this graph
unknown concentration of metal was determined. The
standard metal ion samples were prepared by
dissolving 1.00 g of appropriate standard metal ionin 5
mL Conc. HNO3 diluted to 50 mL solution. The
working standards of these metal ion solutions were
prepared by appropriate dilutionsin deionised distilled
water to get the final 10 ppm concentration.

2.4 Instrumentation

The Elemental concentration was determined by
Inductively Coupled Plasma-Optical Emission
Spectroscopy (ICP-OES, Model  Spectro  Arcos,
FHS-12) at the Catdysis & Inorganic Chemistry
Division, National Chemical Laboratory, Dr. Homi
Bhabha Road Pune 411008, India.

Tablel Rangeof toxic metalsin shrimpsand water samplescollected from Gorai creak of suburban of Mumbai west coast of

India.
S.No. | Name of the Shrimp Species Cu Zn Fe Na Pb
1 Parapenaeopsis sculptilis
Carapace 10.8 114 12.9 478.0 35
Gills 10.4 09.3 12.2 452.1 33
Remaining body 09.3 06.9 08.2 409.4 4.0
Whole body 10.6 10.1 13.0 421.7 3.7
2 Parapenaeopsis hardwickii
Carapace 10.3 08.3 13.0 388.5 33
Gills 09.5 10.5 10.4 410.6 2.8
Remaining body 10.6 10.2 12.3 389.1 35
Whole body 10.6 10.9 10.6 371.4 31
3 Solenocera crassicornisthe
Carapace 10.3 10.2 31.2 364.8 41
Gills 10.6 09.5 12.1 425.5 34
Remaining body 10.2 10.3 112 275.2 39
Whole body 10.9 10.0 12.3 429.9 35
4 M etapenaeopsis stridulans
Carapace 08.5 05.2 00.2 373.7 33
Gills 10.6 09.9 07.9 424.5 33
Remaining body 105 07.7 10.2 206.3 31
Whole body 10.6 11.2 11.3 360.2 29
5 Acetesindicus
Carapace 10.9 112 12.2 391.2 34
Gills 10.8 03.7 125 3704 39
Remaining body 10.9 10.9 12.6 412.3 33
Whole body 111 14.2 13.1 513.4 4.2
6 Water sample
Surface Water Sample 09.9 111 12.7 102.1 39
Bottom water sediments 10.2 10.9 125 232.7 36

N =5 (Average of Five determents) ND = Not detected or less than 0.0001 ppm)
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3. Results and Discussion

Copper is an essentid trace metal for all living
organisms and also required by crustacean species as
an essential part of their oxygen-carrying pigment
haemocyanin [9]. The possible contamination of
copper can occur from animal feed, higher copper
content in water and also from copper bearing and
copper alloys used in equipment [10]. Contamination
of copper from brass containers has been cited as the
major environmental factor in the etiology of Indian
childhood cirrhosis [11, 12]. Excess accumulation of
copper in hepatic cells causes liver diseases [13].
Abnormal accumulation of copper in the tissues and
blood is a point of similarity with genetic disease of
man called Wilson's disease [14, 15]. Most absorbed
copper is stored in liver and bone marrow where it is
bound to metalothionein [16] and acute exposure to
copper results in nausea, vomiting, bloody diarrhea,
hypertension, uremia and cardiovascular collapse [17].

The result obtained from our present analysis, in
shrimp Parapenaeopsis sculptillis the mean minimum
and maximum concentration of Cu was observed in
remaining body was (09.3 ppm) and in carapace (10.8
ppm). In shrimp Parapenaeopsis hardwicki the mean
minimum concentration of Cu was observed in gills
(09.5 ppm) and maximum concentration was observed
in Remaining body whole body (10.6 ppm). In shrimp
Solenocera crasscornisthe mean minimum and
maximum concentration of Cu was observed in
remaining body (10.2 ppm) and in whole body (10.9
ppm). In shrimp Metapenaeopsis stridulans the mean
minimum and maximum concentration of Cu was
observed in carapace (08.5 ppm) and in gills and whole
body (10.6 ppm). In Acetes indicus the mean minimum
and maximum concentration of Cu was observed in
gills (10.8 ppm) and in whole body (11.1 ppm).
Amongst all the species of shrimps the mean minimum
concentration of Cu was observed in the carapace of
Metapenaeopsis stridulans (08.5 ppm) whereas the
maximum concentration of Cu was observed in the

whole body of Acetesindicus (11.1 ppm). Amongst the
water samples the mean minimum concentration of Cu
was observed in surface water (09.9 ppm) whereas the
mean concentration of Cu was found maximum in
bottom water sediments (10.2 ppm). The result
obtained from our present analysis, the mean minimum
and maximum concentration of copper detected in the
shrimps and water samples were found above the
specified Maximum acceptable concentration as
prescribed by FAO (10 ppm) but was found below the
(30 ppm) WHO (1989).

3.12Zn

Zinc is called an “essentia trace element” because
very small amounts of zinc are necessary for human
health [18]. Zinc is used for treatment and prevention
of zinc deficiency and its consequences, including
stunted growth and acute diarrheain children, and slow
wound healing [19]. Chronic ingestion of excess
supplemental zinc (Zn) can produce anemia and
leucopenia consequent to induced copper deficiency
[19]. It is also used for asthma; diabetes; high blood
pressure; acquired immunodeficiency syndrome
(AIDS); Alzheimer's disease, Down syndrome,
Hansen's disease, ulcerative colitis, peptic ulcers and
promoting weight gain in people with eating disorders
such as anorexia nervosa[20].

Both acute and chronic toxicity syndromes occur
with large overdoses of zinc and the principal features
are epigastric pain, diarrhea, nausea and vomiting. In
addition to the gastrointestina effects, the centra
nervous system may be affected, showing symptoms
such as irritability, headache and lethargy [21].
Prolonged intake of a relatively modest excess of zinc
may depress serum high density lipoprotein cholesterol
levels [22]. Zinc toxicity in humans from excessive
dietary ingestion is uncommon, but gastrointestinal
distress and diarrhea have been reported [23-25)].

The result obtained from our present analysis, in
shrimp Parapenaeopsis sculptillis the mean minimum
and maximum concentration of Zn was observed in
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remaining body was (06.9 ppm) and in carapace (11.4
ppm). In shrimp Parapenaeopsis hardwicki the mean
minimum concentration of Zn was observed in
carapace (08.3 ppm) and maximum concentration was
observed in whole body (109 ppm). In shrimp
Solenocera crassicornisthe mean minimum and
maximum concentration of Zn was observed in gills
(09.5 ppm) and in remaining body (10.3 ppm). In
shrimp Metapenaeopsis stridulans the mean minimum
and maximum concentration of Zn was observed in
carapace (05.2 ppm) and in whole body (11.2 ppm). In
Acetes indicus the mean minimum and maximum
concentration of Zn was observed in gills (03.7 ppm)
and in whole body (14.2 ppm). Amongst all the species
of shrimps the mean minimum concentration of Zn was
observed in the gills of Acetes indicus (03.7 ppm)
whereas the maximum concentration of Zn was
observed in the whole body of Acetes indicus (14.2
ppm). Amongst the water samples the mean minimum
concentration of Zn was observed in bottom water
sediments (10.9 ppm) whereas the mean concentration

of Zn was found maximum in surface water (11.1 ppm).

Theresult obtained from our present analysis, the mean
minimum and maximum concentration of Zn detected
in the samples of shrimps and water samples were
found below the specified maximum acceptable
concentration as prescribed by WHO (1992) limits
(1000 ppm).

3.2Fe

The ingestion of large quantities of iron results in
haemochromatosis a condition in which normal
regulatory mechanisms do not operate effectively,
leading to tissue damage as aresult of the accumulation
of iron. This condition rarely develops from simple
dietary overloading [26, 27]. Tissue damage has
occurred, however, in association with excessiveintake
of iron from alcoholic beverages in some cases of
alcoholism. Tissue damage has aso resulted from
prolonged consumption of acidic foodstuffs cooked in
iron kitchenware [27].

Poisoning of small children has occurred following
ingestion of large quantities of iron tablets [28]. As
adult iron tablets can contain considerably more
elementd iron than children's tablets, children who
accidentally ingest iron supplements destined for adults
risk being poisoned [29]. National Academy of
Sciences [30] Suggest that 3 g of Fe (I1) sulphate is
regarded as the lethal dose for two-year-olds and was
found lethal between 14 and 17.5 g for an adult male.
Iron supplements are commonly used (14% of
premenopausal  Canadian women in one study)
without reported toxic effects, except for
gastrointestinal upset [31].

There is no evidence of dietary iron toxicity in the
general population. Because absorption is regulated,
body tissues are generally not exposed to high iron
concentrations. Pharmaceutical sources and disease
states, such as idiopathic haemochromatosis [32] and
thalassaemia major (which requires many blood
transfusions), will result in elevated iron
concentrations. Those individuals who do develop an
iron overload are reported to be at greater risk of
developing neoplasms [33]. Liver, kidney and the
cardiovascular systems are the target organs for iron
toxicity. Iron can cause problemsin dairy technology
because of its catalytic effect on oxidation of lipids
with development of unpleasant smell, bounding
preferably proteins and membrane lipoproteins of milk
fatty globule [34].

The result obtained from our present analysis, in
shrimp Parapenaeopsis sculptillis the mean minimum
and maximum concentration of Fe was observed in
remaining body was (08.2 ppm) and in whole body
(13.0 ppm). In shrimp Parapenaeopsis hardwicki the
mean minimum concentration of Fe was observed in
gills (10.4 ppm) and maximum concentration was
observed in carapace (13.0 ppm). In shrimp Solenocera
crassicornisthe  mean minimum and maximum
concentration of Fe was observed in remaining body
(11.2 ppm) and in carapace (31.2 ppm). In shrimp
Metapenaeopsis stridulans the mean minimum and
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maximum concentration of Fe was observed in
carapace (00.2 ppm) and in whole body (11.3 ppm). In
Acetes indicus the mean minimum and maximum
concentration of Fe was observed in carapace (12.2
ppm ) and in whole body (13.1 ppm). Amongst all the
species of shrimps the mean minimum concentration of
Fe was observed in the carapace of Metapenaeopsis
stridulans (00.2 ppm) whereas the maximum
concentration of Fe was observed in the carapace of
Solenocera crassicornisthe (31.2 ppm). Amongst the
water samples the mean minimum concentration of Fe
was observed in bottom water sediments (12.5 ppm)
whereas the mean concentration of Fe was found
maximum in surface water (12.7 ppm). The result
obtained from our present analysis, the mean minimum
and maximum concentration of Fe detected in the
shrimps and water samples were found below the
specified Maximum acceptable concentration as
prescribed by WHO (1989) (100 ppm) limits for
prawn.

3.3Na

Sodium is the principal cation in extracellular fluid
in the body, and is an essential nutrient necessary for
maintenance of plasma volume, acid-base balance,
transmission of nerve impulses and normal cell
function. In headlthy individuas, nearly 100% of
ingested sodium is absorbed during digestion, and
urinary excretion is the primary mechanism for
maintaining sodium balance [35]. Sodium and chloride
are the chemical components of common table salt;
however, sodium can be found in other forms, and the
primary contributors to dietary sodium consumption
depend on the cultural context and dietary habits of a
population [36]. Sodium is found naturally in a variety
of foods, such as milk, meat and shellfish. It is often
found in high amounts in processed foods such as
breads, crackers, processed meats and snack foods
[37-40]. High amounts of sodium are also found in
many condiments (e.g., soy and fish sauces) [41]. Thus,
adiet high in processed foods and low in fresh fruits

and vegetables is often high in sodium [40, 41].
Although the minimum intake level necessary for
proper bodily function is not well defined, it is
estimated to be as little as 200-500 mg/day [42, 43].
Data from around the world suggest that the population
average sodium consumption is well above the
minimal physiological needs, and in many countriesis
above the value recommended by the 2002 Joint World
Headlth Organi zation/Food and  Agriculture
Organization of the United Nations (WHO/FAO)
Expert Consultation (WHO, 2003) of 2 g sodium/day
(equivalent to 5 g salt/day) [44]. Increased sodium
consumption is associated with increased blood
pressure, whereas lower sodium consumption appears
to decrease blood pressure in adults [45-48]. A number
of recent high-quality systematic reviews of
randomized controlled trials (RCTs) have concluded
that decreased sodium intake relative to usual or higher
intake results in lowered blood pressure in adults with
or without hypertension [49-52].

The result obtained from our present analysis, in
shrimp Parapenaeopsis sculptillis the mean minimum
and maximum concentration of Na was observed in
remaining body was (409.4 ppm) and in carapace
(478.0 ppm). In shrimp Parapenaeopsis hardwicki the
mean minimum concentration of Na was observed in
whole body (371.4 ppm) and maximum concentration
was observed in gills (410.6 ppm). In shrimp
Solenocera crassicornisthe mean minimum and
maximum concentration of Na was observed in
remaining body (275.2 ppm) and in whole body (429.9
ppm). In shrimp Metapenaeopsis stridulans the mean
minimum and maximum concentration of Na was
observed in remaining body (206.3 ppm) and in gills
(424.5 ppm). In Acetes indicus the mean minimum and
maximum concentration of Na was observed in gills
(370.4 ppm)) and in whole body (513.4 ppm). Amongst
al the species of shrimps the mean minimum
concentration of Na was observed in the remaining
body of Metapenaeopsis stridulans (206.3 ppm)
whereas the maximum concentration of Na was
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observed in the whole body of Acetes indicus (513.4
ppm). Amongst the water samples the mean minimum
concentration of Na was observed in surface water
(102.1 ppm) whereas the mean concentration of Na
was found maximum in bottom water sediments (232.7
ppm). The result obtained from our present analysis,
the mean minimum and maximum concentration of Na
detected in the shrimps and water samples were found
above the specified Maximum  acceptable
concentration as prescribed by (WHO/ FAO) Expert
Consultation (WHO, 2003) of 2 g sodium/day
(equivalent to 5 g salt/day).

3.4Pb

It is known as deadly and accumulative poison even
when consumed in small quantities and is capable of
dealing nerve receptor in man [52]. The main sources
of lead pollution in the environment include effluents
& emissions from industries, emissions from vehicles
running on leaded petrol, the smoke and dust emissions
of coal and gas-fired power stations, use of lead sheets
by roofers as well as the use of paints and anti-rust
agents. Contamination by lead of foodstuffs is caused
by the soldered seams of cans and the soldered closures
of condensed milk cans, the metal caps of wine bottles
and, also by lead pipes used in drinking water systems
[53].

From the public health point of view, lead toxicity
reportedly causes rena tubular dysfunction indicated
by proteinuria, aminoaciduria, glucosuria,
hyperphosphaturia and impairment of sodium transport
[54, 55]. Lead toxicity also has multiple hematol ogical
effects causing shortening life-span of circulating
erythrocytes and inhibits hemoglobin synthesis and
cause fragile red blood cells which results in anemia
[56]. Clinically, lead toxicity has been associated with
sterility causing gametotoxicity effects in both male
and female [57, 58], reduction in sperm counts,
abnormal sperm motility and morphology. CNS is the
target of lead toxicity in children whilein the adults the
periphera system is affected [59]. In addition,

gastrointestinal  problems are associated to lead
exposure [60] and cardiovascular collapse leading to
death is also reported [61]. Permissible limit of lead as
prescribed by FAO/WHO is (0.5 ppm).

The result obtained from our present analysis, in
shrimp Parapenaeopsis sculptillis the mean minimum
and maximum concentration of Pb was observed in
gills (3.3 ppm) and in remaining body (4.0 ppm). In
shrimp Parapenaeopsis hardwicki the mean minimum
concentration of Pb was observed in gills (2.8 ppm)
and maximum concentration was observed in
remaining body (3.5 ppm). In shrimp Solenocera
crassicornisthe  mean minimum and maximum
concentration of Pb was observed in gills (3.4 ppm)
and in carapace (4.1 ppm). In shrimp Metapenaeopsis
stridulans the mean minimum and maximum
concentration of Pb was observed in whole body (2.9
ppm) and in gills and carapace (3.3 ppm). In Acetes
indicus the mean minimum and maximum
concentration of Pb was observed in remaining body
(3.3 ppm) and in whole body (4.2 ppm). Amongst al
the species of shrimps the mean minimum
concentration of Pb was observed in the gills of
Parapenaeopsis hardwicki (2.8 ppm) whereas the
maximum concentration of Pb was observed in the
whole body of Acetesindicus (4.2 ppm). Amongst the
water samples the mean minimum concentration of Pb
was observed in bottom water sediments (3.6 ppm)
whereas the mean concentration of Pb was found
maximum in surface water (3.9 ppm). The result
obtained from our present analysis, the mean minimum
and maximum concentration of Pb detected in the
shrimps and water samples were found above the
specified Maximum acceptable concentration as
prescribed by by WHO (1989) (2 ppm for Pb) for
prawn.

4. Conclusion

The toxic metals such as Cu, Zn, Fe, Naand Ph, are
potentially harmful and caused toxic effects to most
organisms even in very low concentrations. From the
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above results it is expected that the sea food available
in and around Mumba may have elevated levels of
pollutants. These toxic metas may cause
dermatological diseases, skin cancer and interna
cancers (liver, kidney, Ilung and bladder),
cardiovascular disease, diabetes, and anemia, aswell as
reproductive, developmental, immunological and
neurological effects in the human body. These toxic
metals transferred to man through the consumption of
Prawn and shrimp, pose health hazards because of their
cumulative effect in the body. Therefore, it was
concluded that the shrimps are not heavily burdened
with toxic metals, but a danger must be considered
depending on the agricultural and industrial
developments in this region. The Prawn and shrimp
from Arabian Sea should be monitored periodically to
avoid excessive intake of trace metals and toxic
elements by human, and monitor the pollution of
aquatic environment. In view of these findings strict
method of waste disposal control should be adopted to
ensure the safety of the environment and safeguard our
aguatic life.

Acknowledgement

Authors are thankful to the Head, Catalysis &
Inorganic Chemistry Division, for providing the
facilities of Inductively Coupled Plasma-Optical
Emission Spectroscopy (ICP-OES, Model Spectro
Arcos, FHS-12) for analysis of shrimps and water
samples at the National Chemical Laboratory, Dr.
Homi Bhabha Road Pune 411008, India. Thanks are
also dueto the Principal, S.S. & L.S. Patkar College of
Arts and Science & V.P. Varde College of Commerce
and Economics, SV. Road, Goregaon (West),
Mumbai-400 062, for providing laboratory and
infrastructure for above work.

References

[1] M. H. Depledge and P. S. Rainbow. Models of regulation
and accumulation of trace metals in marine invertebrates:
A mini-review, Compar. Biochem. Physiol. 97 (1990) 1-7.

(2
(3]

(4

(9]

(6]

(8]

(9

(10]

(11]

(12]

(13]

(14]

(19]

(16]

T. Nitta, Marine pollution and sealife, in: M. Ruivo (Ed.),
Fishing News, Ltd., Farmharm, 1992, p. 77

Gupta Pallavi and Neera Srivastava, Effects of sub-lethal
concentrations of zinc on histological changes and
bioaccumulation of zinc by kidney of fish, Channa
punctatus (Bloch), J. Environ. Biol. 27 (2006) 211-215.
Shukla Vineeta, Monika Dhankhar, Jai Prakash and K. V.
Sastry, Bioaccumulation of Zn, Cu and Cd in Channa
punctatus, J. Environ. Biol. 28 (2007) 395-397.

I. Desi, L. Nagymajtenyi and H. Schuiz, Behavioural and
neurotoxicological changes caused by cadmium treatment
of rats during development, J. Applied Toxicol. 18 (1998)
63-70.

C. S. Rosg, P. G. Heywood and R. M. Costanzo, Olfacto
ry imparment after chronic occupational cadmium
exposure, Journal of Occupational Med. 34 (1992)
600-605.

K. Lukawski, B. Nieradko and M. Sieklucka, Dziuba
Effects of cadmium on memory processes in mice exposed
to transient cerebral oligemia, Neurotoxicology & Teratol.
27 (2005) 575-584.

Ehi-Eromosele and Okiei, Heavy metal assessment of
ground, surface and tap water samples in Lagos
Metropolis using anodic stripping  voltammetry,
Resources and Environment 2 (3) (2012) 82-86.

D. W. Engel, W. G. Sunda and B. A. Fowler, Factors
affecting trace metal uptake and toxicity to estuarine
organisms. |. Environmental parameters, in: Verenberg, F.
J,, Calabrese A., Thurberg F. & Venberg W. (Eds),
Biological Monitoring of Marine Pollutants, Academic
Press, Inc., New York ,1981, pp. 127-144.

G. E. Mitchell, Trace metal level in queensland dairy
products, Aust. J. Dairy Technol. 6 (1981) 70-73.

M. S. Tanner, S. A. Bhave, A. H. Kantarilan and A. N.
Pandit, Early introduction of copper-contaminated animal
milk feeds as a possible cause of Indian childhood
cirrhosis, Lancet 11 (1983) 992-995.

S. A. Bhave, A. N. Pandit and M. S. Tanner, Comparison
of feeding history of children with Indian childhood
cirrhosis and paired controls, Pediatr. Gastroenterol. Nutr.
6 (1987) 562-567.

J. M. Walshe, Copper: Itsrolein the pathogenesis of liver
disease, Semin. Liver Dis. 4 (1994) 252-263.

T. C. Jonesand R. D. Hunt, Veterinary Pathology (5thed.),
Lea and Febiger, Philadelphia 1983.

R. V. Leeand G. J. Garvey, Copper, in: R. D. Harbison,
(Ed.), Hamilton & Hardy’'s Industrial Toxicology (5th ed.),
1998, pp. 59-92.

B. Sarkar, J. P. Laussac and S. Lau, Transport forms of
copper in human serum, in: B. Sarkar (Ed.), Biological
Aspects of Metals and Metal-Related Diseases, New Y ork:
Raven Press Ltd., 1983, pp. 23-40.



310

(17]

(18]

(19]

[20]

[21]

[22]

(23]

[24]

[29]

[26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

Presence of Metals Cu, Zn, Fe, Na and Pb, in Commercially Important Shrimp’s and Water Sediments
Collected from Gorai Creak of Mumbai Suburb of West Coast, India

T. A. Gossel and J. D. Bricker, Principles of Clinical
Toxicology (2nd ed.), Raven Press Ltd., New Y ork, 1990.

Casarett and Doull’s Toxicology: The Basic Science of
Poisons (5th ed.), Mc Crow-Hill companies, INC, USA,
1996.

H. N. Hoffman, R. L. Phyliky and C. R. Fleming,
Zinc-induced copper deficiency, Gastroenterology 94
(1988) 508-512.

K. M. Hambidge, C. E. Casey and N. F. Krebs, Zinc, in:
Mertz W. (Ed.), Trace Elements in Human and Animal
Nutrition (5th ed.), Vol. 2, Academic Press, Orlando, FL,
1986, pp. 1-137.

P. H. Hooper, L. Visconti, P. H. Garry and G. E. Johnson,
Zinc lowers density lipoprotein-cholesterol levels, AjAMA
244 (17) (1980) 1960-1961.

C. S. Reddy and A. W. Hayes, Food-borne toxicants, in:
Hayes A. W. (Ed.), Principles and Methods of Toxicology
(2nd ed.), Raven Press, Ltd., New Y ork, 1989, pp. 67-110.
J. M. Walshe, Copper: Itsrole in the pathogenesis of liver
disease, Semin. Liver Dis. 4 (1984) 252-263.

R. A. Goyer, Toxic effects of metals, in: Klaassen C. D.,
Amdor M. O. & Doull J. (Eds.), Casaratte and Doull’s
Toxicology: The Basic Science of Poisons (5th ed.), 1986,
pp. 691-736.

B. K. Watt and A. L. Merrill, Composition of Foods —
Raw, Processed, Prepared: Revised Agriculture
Handbook, U.S. Department of Agriculture, 1963, p. 8.

H. C. Hopps, Ecology of disease in relation to
environmenta trace elements — Particularly iron, Geol.
Soc. Am. Spec. Pap. 340 (1972) 1.

M. Stein, D. Blayney, T. Feit, T. G. Goegen, S. Micik, and
W. L. Nyhan, Acute iron poisoning in children, West. J.
Med. 125 (1976) 289.

N. J. Steinhardt-Bour, B. A. Soullier and M. B. Zemel,
Effect of level and form of phosphorus and level of
calcium intake on zinc, iron and copper bioavailability in
man, Nutr. Res. 4 (1984) 371.

The National Academy of Sciences, Arsenic in Drinking
Water, National Academy Press, Washington, 1999,
available online at:  http://books.nap.edu/books/
0309063337/html/1.html.

R. S. Gibson, O. Martinez and A. C. MacDonald,
Available dietary iron intakes of a selected sample of pre-
and post-menopausal Canadian women, Nutr. Res. 4 (1984)
315.

L. W. Powell, M. L. Bassett and J. W. Halliday,
Hemochromatosis update, Gastroenterology 78 (1980)
374.

E. D. Weinberg, Iron and neoplasia, Biol. Trace Elem. Res.
3(1981) 55.

A. Lante, G. Lomolino, M. Cagnin and P. Spettali,
Content and characterization of minerals in milk and in

(34]

(35]

(36]

(37]

(38]

(39]

[40]

[41]

[42]

[43]

(44]

(45]

[46]

[47]

crescenza and squacquerone Italian fresh cheese by
ICP-OES, Food Contral. 17 (2006) 229-233.

J. T. Holbrook, K. Y. Patterson, J. E. and Bodner et a.,
Sodium and potassium intake and balance in adults
consuming self-selected diets, American Journal of
Clinical Nutrition 40 (4) (1984) 786-793.

I. J. Brown, |. Tzoulaki and V. Candeiaset al., Salt intakes
around the world: Implications for public health, Int J
Epidemiol. 38 (3) (2009) 791-813.

W. Wu Leung, R. Butrum and F. Chang et a., Food
Composition Table for Use in East Asia, Rome and
Washington, D.C., FAO and US Department of Health,
Education, and Welfare, 1972.

J. L. Webster, E. K. Dunford and B. C. Neadl, A systematic
survey of the sodium contents of processed foods, Am J
Clin Nutr. 91 (2) (2010) 413-420.

C. Ni Mhurchu, C. Capelin and E. K. Dunford et al.,
Sodium content of processed foods in the United Kingdom:
Analysis of 44,000 foods purchased by 21,000 households,
Am J Clin Nutr. 93 (3) (2011) 594-600.

Centers for Disease Control and Prevention, Vital signs:
Food categories contributing the most to sodium
consumption — United States, 2007-2008, Mor bidity and
Mortality Weekly 61 (2011) 92-98.

W. Wu Leung, R. Butrum and F. Chang et a., Food
composition table for use in East Asia, Rome and
Washington, D.C., FAO and US Department of Health,
Education, and Welfare, 1972.

J. T. Holbrook, K. Y. Patterson and J. E. Bodner et d.
Sodium and potassium intake and balance in adults
consuming self-selected diets, American Journal of
Clinical Nutrition 40 (4) (1984) 786-793.

F. J. He and G. A. MacGregor, A comprehensive review
on salt and health and current experience of worldwide salt
reduction programmes, Journal of Human Hypertension
23 (6) (2009) 363-384.

1. J. Brown, |. Tzoulaki and V. Candeias et ., Salt intakes
around the world: implications for public health, Int J
Epidemiol. 38 (3) 2009) 791-813.

WHO, Diet, nutrition and the prevention of chronic
disease: Report of a Joint WHO/ FAO Expert Consultation.
Geneva, World Health Organization (WHO), 2003.

J A. Cutler, D. Follmann and P. S, Allender,
Randomized trials of sodium reduction: An overview,
American Journal of Clinical Nutrition 65 (2 Suppl.)
(1997) 643S-651S.

F. J. He and G. A. MacGregor, How far should salt intake
be reduced? Hypertension 42 (6) (2003) 1093-1099.

F. J He and G. A. MacGregor, Effect of longer-term
modest salt reduction on blood pressure, Cochrane
Database of Systemic Reviews (3) (2004) CD004937.



(48]

[49]

(50]

(51]

(52]

(53]

Presence of Metals Cu, Zn, Fe, Na and Pb, in Commercially Important Shrimp’s and Water Sediments

311

Collected from Gorai Creak of Mumbai Suburb of West Coast, India

H. O. Dickinson, J. M. Mason and D. J. Nicolson et al.,
Lifestyle interventions to reduce raised blood pressure: A
systematic review of randomized controlled trids, J.
Hypertens 24 (2) (2006) 215-233.

Dietary Guidelines Advisory Committee, Adults and
sodium: What is the relationship between sodium and
blood pressure in adults aged 19 years and older?
Washington, D.C., Department of Health and Human
Services and Department of Agriculture, 2010.

N. A. Graudal, T. Hubeck-Graudal and G. Jurgens, Effects
of low sodium diet versus high sodium diet on blood
pressure, renin, aldosterone, catecholamines, cholesterol,
and triglyceride, Cochrane Database of Systemic Reviews
(12) (2011) CD004022.

O. Bodansky and A. L. Latener, Advances in Clinical
Chemistry, Vol. 20, Academic Press, New York, 1987, p.
288.

R. A. Goyer, Toxic effects of metals, in: Klaassen C. D.,
Amdor M. O., & Doull J. (Eds), Casaratte and Doull’s
Toxicology: The Basic Science of Poisons (5th ed.), 1986,
pp. 691-736.

S. E. Manahan, Toxicological Chemistry (2nd ed.), Lewis
Publishers Inc. Boca Raton, Ann. Arbor, London, Tokyo,
1992.

(54]

(55]

(56]

(57]

(58]

(59]

(60]

(61]

D. E. Paglia, W. N. Vdentineand J. G. Dahlgner, Effects
of low level lead exposure on pyrimidine-5-nucleotidase
and other erythrocyte enzymes, J. Clin. Invest. 56 (1975)
1164-11609.

H. D. Stoweand R. A. Goyer, Thereproductive ability and
progeny of lead-toxic rats, Fertile Sterile 22 (1971)
755-760

L. Ibelsand C. Pallack, Lead intoxication, Med. Toxicol. I.
(1986) 387-410.

G. Assenato, C. Paci and Molinini, Sperm count
suppression without endocrine dysfunction in lead
exposed men, Arch. Environ. Health 41 (1986) 387-390.
L. R. Goldfrank, H. Osborn and L. Hartnett, Lead, in:
Goldfrank L. R., Toxicological Emergencies (4th ed.),
Prentice-Hall International Inc. New Jersey, USA. 1990,
pp. 627-637.

E. Rubin and J. L. Farber, Pathology, J. B. Lippincott
Company, Philadel phia, 1988.

T. A. Gossel and J. D. Bricker, Principles of Clinical
Toxicology (2nd ed.), Raven Press Ltd. New Y ork, 1990.
U.S. Environmental Protection Agency, Scientific and
technical assessment report on manganese, Nationa
Environmental Research Center, Research Triangle Park,
NC., 1975.



