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ABSTRACT

The present study was undertaken to determinenttideince of helminth
parasites in fishes with special reference to watprality parameters,
histopathological changes and the concentratiomadbus metals in water, fish
tissue and helminth parasites in Dal Lake and Rdlelum and correlate the
observations. Water, fish and parasite sampleg wellected during different
seasons from various sites and processed. Thiesgiciestchizothorax niger,
Schizothorax esocinus, Schizothorax curvifjomere recovered from these water
bodies. The physicochemical parameters Temperdbiseplved oxygen, pH and
free carbon dioxide showed variation vis-a-vis #eason and location of the
stations in water bodies. Highest temperature ih [2&ke was seen at Dalgate
during summer (27.22+1.7C) while the lowest temperature was also recordled a
the same site during winter (6.55C+1.48. Similarly, the highest temperature
(19.44+1.50) in Jhelum River was recorded at Chattaveir while lowest
(4.38£1.32) was recorded at Khannabal. Besides,te¢hgerature of water in
Jhelum River was at lower degree than that of CedelpH of the waters of Dal
Lake and River Jhelum was within the alkaline enghe pH of Jhelum river
water was comparatively less alkaline than thdDalf Lake.In Dal Lake DO was
highest at Telbal (6.78+£1.25 mg/l) during springil@lowest was at Hazratbal
(3.55+1.19 mg/l) during summer.In River Jhelum D@swvhighest at Khannabal



(8.16+1.43 mg/l) during spring while lowest wasZatro bridge (4.97+1.50 mg/l)
during autumn.DO of River Jhelum was noted at hidaeel in all the seasons
compared to that in Dal Lake.Free carbon dioxidBah Lake was highest (12.88
+ 2.21 mg/l) at Telbal during spring while the Istievas found at Saidakadal
(3.16+0.93 mg/l) during autumn.In River Jhelum lEghfree CQ (8.11+£2.26
mg/l) was found at Chattabal Weir during summer kmeest was also recorded
(3.08+1.83 mg/l) at the same site during autumm F@&bon dioxide was found
higher in Dal Lake than in River Jhelum in all tlseasons of the year.
Acanthocephalan parasittomphorhynchus kashmirens{7.47%) and two
intestinal cestode®Bothriocephalus acheilognath{30.63%) andAdenoscolex
oreini (32.43%) were recovered from all the three speaie€xchizothoraxAll the
three parasites showed higher prevalence duringn&umand least during winter.
Overall the mean intensity &fomphorhynchus kashmirensiss highest in Dal
Lake whereas its abundance was higher in RiveudheFor both the cestodes
mean intensity and abundance were higher in Riveludn. All the three parasitic
infections were prevalent more in male fishes cawegbao females.The mean
intensity and abundance of both the cestodes vghesii in summer and lowest in
winter. The presence of the parasites had redueeddndition coefficient of the
infected fishes in both the water bodies. Histoplatically, all the three parasites
induced various intensities of enteritis couplethwiyperplastic goblet cells with
increased acid mucopolysaccharide concentratioms.overall concentrations of
different heavy metals in the two water bodies skwwignificant variations both
season and location wise.In Dal Lake the conceatrsitof Co, Ni, Mn, Cr, Fe
and Cd were higher than the permissible limits. iy, in River Jhelum the
concentrations of Ni, Mn, Cr, Fe, Cd in water wargher than the permissible
limits.Pb and Hg were below detection levels inhbtite water bodies while Cu
and Zn were recorded only in Dal Lake and Riverulhe respectively. In Dal
Lake the ranking of mean concentration of 12 nsetdl Dalgate, Saidakadal,
Hazratbal and Telbal were Fe > Ca > Mn > Al > Z@&¢ > Cu > Ni > Co > Cr;
Fe>Mn>Ca>Al>Zn>Cd>Ni>Co>Cr>Cu;l AFe >Ca > Mn > Zn >
Cd>Ni>Co>Cr>CuandFe>AlI>Ca>Mn>CWNNp>Co >2Zn>Cd>Cr
respectively.In Jehlum river the ranking of the aletat Khanabal, Zero bridge,
and Chattabal weir were Fe > Ca > Al > Mn > Zn >X2@d > Cu > Cr >Ni; Ca >
Fe>Al>Mn>Zn>Ni>Cu>Co>Cd>Cr; and #¥Mn > Ca > Al > Co > Zn
> Cd > Ni > Cu > Cr respectively. In Dal lake tRemphorhynchus kashmirensis
S.nigerliver and muscle and the ranking of the 12 metaee Ca> Fe> Mn> Cr>
Cu> Ni> Zn> Al> Cd> Co, Ca> Fe> Zn> Al> Cu> Mn> Cii> Co> Cd and
Cd> Ca> Cr> Zn> Cu> Mn> Al> Ni> Co> Cd respectieln river Jhelum it
were Ca> Fe> Mn> Cr> Al> Cu> Ni> Zn> Co> Cd; Ca>F&n> Al> Mn> Ni>
Cu> Co> Cr> Cd and Zn> Fe> Ca> Cu> Cr> Al> Mn> Q> Cd respectively.
In Dal lake theBothriocephalus acheilognathi; S. nigkver and muscle and the
ranking of the 12 metals were Fe> Ca> Al> Zn> Mn> Cu> Ni> Cd> Co; Fe>
Ca> Cu> Zn> Al> Mn> Ni> Cd> Cr> Co and Fe> Ca> ZA¥> Cr> Ni>
Cu>Mn> Cd> Co respectively. In river Jhelum it was> Ca> Zn> Al> Cu>



Mn>Cr> Ni> Co> Cd; Fe> Ca> Zn> Cu> Al> Mn> Ni> CI&d> Co and Ca>
Fe> Zn> AI> Cr> Mn> Ni> Cu> Co> Cd respectively. IDal lake the
Adenoscolex oreini; S. nigéiver and muscle and the ranking of the 12 metals
were Ca> Zn> Fe> Mn> Al> Cu> Co> Ni> Cd> Cr;Fe> Qdn> Al> Cu> Zn>
Cd> Ni> Co> Cr and Fe> Ca> Al> Mn> Zn> Cu> Ni> C@r> Co respectively.
In river Jhelum it were Ca> Fe> Cr> Mn> Al> Zn>C@ed> Ni> Co; Ca> Fe>
Al> Zn> Cu> Mn> Ni> Co> Cd> Cr and Ca> Fe> Al> Zi©u> Cr> Ni> Mn>
Co> Cd respectively. In Dal Lake the concentratiohsopper (1.25 pg/g), zinc
(5.69 pg/g) and iron (29.3 pug/g) were maximurthimmuscles of infected fishes
which were still lower than the Maximum Limit recamended by WHO/
FEPA/IAEA-407 whereas on the other the concentnatib nickel (0.80 pg/g),
manganese (1.69 pug/g), cadmium (0.78 pg/g), chmm{@2.86 pg/g) and
aluminium (2.99 ug/g) were higher than the perrbisslimits. In River Jhelum
the maximum concentration of nickel (0.80 ug/g), ngemese (0.41ug/qg),
aluminium (2.99 pg/g), cadmium (0.19 pg/g) and ofiton (0.82ug/g) in the
muscles of infected fishes were higher than thengsible limits. Whereas on the
other the concentration of copper (0.86 pg/g), £h83 pg/g), iron (24.4 pug/g) in
the muscles of infected fishes were still lower nththe Maximum Limit
recommended by WHO. Cr, Mn, Cu, Zn, Al, Ca concardans in water showed
positive correlation with water temperature.Cu @nication inPomphorhynchus
kashmirensisand Adenoscolex oreinshowed positive correlation with water
temperature.Cr concentration Homphorhynchus kashmirensbowed positive
correlation with water temperature.Fe, Zn, Cd Cd @o concentrations in water
showed positive correlation with Free €Qu and Cr inPomphorhynchus
kashmirensisshowed positive correlation with pH of water. Zndagr in
Bothriocephalus acheilognatlshowed positive correlation with pH of water.Cd
concentration inAdenoscolexshowed positive correlation with pH of water.Zn
concentration of water and Fe concentratioBathriocephalus acheilognathias
positively correlated with DO. However, the two ggites which have relation
directly with water areAdenoscolex oreinand Pomphorhynchus kashmirensis
Adenoscolex oreinivas positively correlated with Cd concentration viater
during autumn and winter whereBemphorhynchus kashmirensis wassitively
correlated with Al and Cr concentration in watehefefore, the two parasites
seem to act as bio-indicators for the correspondietals.

Key words: Dal Lake;River Jhelungchizothorax spp;Helminth; parasites;
physicochemical parameters; Histopathology; Histoaistry;
Heavy metals
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Lamina epithelialis showed severe desquamation

Goblet hyperplasia was seen alongwith eluodatf acid
mucopolysaccharide

Liver: cells very much swollen, rarefied andcwalated
Nuclear pyknosis was evident

Intestine: compared to spring infection, théegtis changes
with less severe. The lamina propria was infilateith
inflammatory cells like granulocytes and lymphosyte

Necrotic epithelial cells revealed acid mucgpatcharide

Mast cell infiltration was evident with scagdrmetachromatic
granules

Liver: cells were swollen, vacuolated and riacef

Severe enteritis was seen with infiltratiommainonuclear cells
and desquamated necrotic cells

Lamina epithelialis showed cellular as well gablet cell
hyperplasia with evidence of acid mucopolysacclearid

Mast cells are seen in the lamina propriaitestinal wall
Liver: Cells showed severe degenerative changes

Intestine: Enteritis was less severe with tirgfflon of cells in
lamina propria and lamina epithelium
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Goblet cells hyperplasia with presence of acid128

mucopolysaccharide was seen
Mast cells were seen in lamina propria

Liver: Cells revealed degenerative changescandestion
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79.

80.

81.

82.

83.

84.
85.

86.

87.
88.

89.
90.

91.

92.

93.

The fishes infected witAdenoscolex oreiniwere anemicand
the abdomen appeared slightly pot bellied

Viscera appeared red on opening the abdomen thed
abdominal fluid was tinged red

Intestinal mucosa showed necrotic debris andhenous
parasites were pesent

Numerous Adenoscolex oreiniwere recovered from the
intestines

Intestine of fish infected witlhdenoscolex oreinrevealing
enteritis. Infiltration of inflammatory cells iramina propria
and lamina epithelia were seen

Epithelial desquamation was evident and hypsial of
lymphoid nodules seen

Cells were swollen showing vacuolar degenematio

Higher magnification of the same showing Kupffeell
hyperplasia (arrow)

Severe chronic enteritis was seen with infitm of
lymphocytes and fibroblasts in the lamina propria

The necrotic villi were completely denuded pitleelial cells

Cells showed moderate degenerative changes ceillalar
swelling and distortion

Higher magnification of the same

Enteritis was comparatively less seveérm@mnina propriawas
infiltrated with mononuclear and eosinophilic grencells

Necrosis of some villi was seen represented fibsillar
networks (arrow)
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Goblet cell hyperplasia with presence of acid130

mucopolysaccharide

Hepaticcells revealed degenerative changes wattuolar
degeneration
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94.

95.

96.

97.

Enteritis characterized by infiltration of iafhmatory cells in
lamina propria and lamina epithelial along with mosts of
mucosal epithelial cells

Intestinal villi had become thickened and csypivere
obliterated

Goblet cell hyperplasia was clearly seen haviagd
mucopolysaccharide

Liver: cells revealed vascular degeneration amdular
disorganization

130

130

130

130




LIST OF ABBREVIATIONS

pall : Microgram per liter

AAS X Atomic absorption spectrophotometer
ANOVA : Analysis of variance

APHA : American Public Health Organisation
BDL : Below detection limit

CoH> : Air- acetylene

CF : Condition factor

H,0, : Hydrogen peroxide

HCL : Hydrochloric acid

HNO3 : Nitric acid

mg/l : Milligram per litre

°C ; Degree Celsius

pH : Hydrogen ion concentration
PPE : Personal protective equipment
Ppm : Parts per million

WHO : World health organization

Ww : Wet weight

Cu : Copper

Zn : Zinc

Co ; Cobalt

Ni : Nickel

Mn : Manganese

Cr : Chromium

Al : Aluminium

Fe : Iron

Ca ; Calcium

Cd : Cadmium



Chapter -1
INTRODUCTION

Parasites are an essential part of the aquaticomnvent and represent a
significant proportion of aquatic biomass. Parasiteccur in nearly every
population. They often interact in complex wayshwither stressors. In some
cases, the interaction may lead to a disproporteynaegative effect on the host
population. In other cases, the stressor may amagtidhe effect of parasitism.
Parasites are attracting increasing interest fraragte ecologists as potential
indicators of environmental quality due to the gayriof ways in which they
respond to anthropogenic pollution. In environmentapact studies certain
organisms provide valuable information about theengital state of their
environment not through their presence or absenteirtstead through their
ability to concentrate environmental toxins withineir tissues. Certain parasites,
particularly intestinal acanthocephalans of fisim @@acumulate heavy metals to
concentration order of magnitude higher than thioséhe host tissues or the
environment (Sures, 2001).

Since parasites are sensitive to environmentahgdnaothers are more
resistant than their hosts and tend to increasaumbers in polluted conditions
(Sures, 2004); they are now regarded as a usalidaitor of aquatic health.The
relationship between environmental pollution anchp#ism in aquatic organisms
and the potential role of endoparasites as watalitgundicators have received
increasing attention during the past two decadasetS 2003, 2004). The ability
of endoparasites to detect even lowest metal corateam due to their enormous
accumulation capacity has made them suitable wetkution biomonitors than
their fish hosts (Elijatet al, 2010). Recently Sures (2007) indicated that pas
can also act as metal sinks for its fish host Hpparent that any changes to metal
concentration in the fish tissues are likely toemltnetal bioavailability and

toxicity.



Fishes are good source of quality protein, butowsr diseasesincluding
parasitic infections pose a threat to fish cult(ieoyenet al., 2006).Helminth
parasites are hazardous to a number of fish speuidberent water bodies. As
much as 30,000 helminth species are parasitesio{Williams and Jones, 1994).
Each helminth parasite speciesprefer to live in efinde zone of the
microhabitats, thoughsome can migrate to the obdhgans, which are normally
nottheir usual site of infection. Parasite integfevith nutrition,metabolism and
secretory function of alimentary canal, damagengsveystem (Markov, 1961)
and even upset the normal reproduction of theFahs$t, 1949). Extensivedamage
caused by helminth parasites on fish organs indiypeféect its growth,
development and reproduction and thus mayleadsutther decline in the
population of the host fish and reduction in prdducof various culture systems.
Heavyinfestation of endoparasites interrupts themab growth of fish.Injured
fishes carry heavy parasitic infection which dettgtheir food and that may be
the ultimate cause of their mortality (Gupta, 19B@¢stinal parasites inhibit
digestive activity inducing inhibitionof vitamin drblood sugar metabolism and
finally growth aswell as glycogen metabolism byeicting the liver of the hostfish
(Rohde, 1993). Frequency of infestation and distidm of parasiteswithin
different organs of the fishes is influenced by eageldiet of the fish and
abundance of parasites within the host fish (Skiesk983).

Intestinal helminths of fish are of increasing emst as potential
bioindicators for heavy metal contamination in agueabitats. Among these
parasites cestodes and acanthocephalans in particale an enormous heavy
metal accumulationcapacity exceeding that of eistaddl free living sentinels.
Metal concentrations several thousand times higheacanthocephalansthan in
host tissues has been described from field anddadny studies. Whereas larval
stages inside their intermediatehosts are not @bliake up high quantities of
metals, young worms begin to take up metals imnielg@fter infection of the

final host. After 4-5 weeks of exposure, the paessireach a steady-state



concentration and orderof magnitude higher thanatnbient water level. Thus,
acanthocephalans are not only very effective imtakp metals,but they can also
respond very rapidly to changes in environmentglosyre. The mechanism
which enables acanthocephalansto take up metaistire intestinal lumen of the
host appears to be based on the presence of mie adichform organo-metallic
complexes that are easily absorbed by the wormgdltheeir lipophilicity(Sures,
2001). Investigations of theenvironmental condsi@&ifecting metal uptake have
shown that the parasites are more consistent diablee indicatorsfor metal
pollution than the host tissues as metal levelsthef latter are much more
dependent on the water chemistry.

Fish harbor a variety of parasites viz., protozamestodes, trematodes
and acanthocephalans (Ali, 1990) and the degredaafage by infection is
influenced to a large extent by the type and nusbé&mparasites present (Bauer,
1941). The distribution of parasites varies notyanldifferent species of fish but
also seasonally and from one water body to othiee. gathogenicity of parasitism
has been reported to cause extensive damage tbo#teleading to the lower
production of the fish (Rai, 1986). In certain sasdthe parasite has been found to
be responsible for the death of the host (Booketel, 1981).The relationship of
parasitism and pollution is not simple and inesha double edged phenomenon
in which parasitism may increase host suscepgbild toxic pollutants or
pollutants may result in an increase or decreastheénprevalence of certain
parasites. Pollutants may affectan intermediatalt@rnate hosts in parasite life
cycle and on free-living life cycle stages of p@gsvasion (Sindermann, 1990).
Pollution stress caninfluence the prevalence oagtes directly orindirectly,or
the parasite infestation may decrease thehostaases to toxic pollutants (Khan
and Thulin 1991). Recently, various sentinel orgars such as bivalves (Gunkel,
1994) have been implemented for assessing levgisiftion in aquatic habitats.
However, in the last two decades fish parasitesredt increasing attention, as

they appear to be a more precise tool for detectiatal loads in aquatic habitats.



Due to their enormous accumulation capacity, esfigdior some elements with
severe toxic effects on biota (e.g. cadmium, lefsh), acanthocephalans are good
candidates as bioaccumulation indicators. In a rrrobstudies concentrations of
metals were reported to be?0 1¢ times higher in the parasite than in the water
column and the sediment (Sumsal, 1994; Schludermanet al, 2003; Thielen

et al, 2004).

The permanent contamination of aquatic habitatssed by human
activities has become one of the major problemstha era of global
industrialization and urbanization. Mostly, chenhigallution and in particular
contamination with heavy metals is considered teehan anthropogenic source.
However, natural geogenic deposition might be apoitant factor for heavy
metal pollution as well. Thus, the detection andhagement of heavy metal loads
in the aquatic environment is very important frome ecological point of view.
Moreover, various aquatic organisms are used fordmconsumption and for this
reason knowledge about metal contamination is ewhe important from the

public health view point.

A wide range of contaminants arecontinuously ihiiied into the
aquatic environment mainly due to increased indalstation,technological
development, growing human population, oil explorat and exploitation,
agricultural anddomestic waste run-off (Limet al, 2008). Among these
contaminants, heavy metals constitute one of theasgerous groups because
of their persistent nature, toxicity, tendency tocwnulate in organisms
andundergoing food chain amplifications and beiog-degradable (Fufeyin and
Egborge, 1998).When released into the environmeavyrmetals find their way
into the aquatic systems and aredeposited in agaeganisms like fishes through
the effects of bioconcentration, bioaccumulationl #éimefood chain process and
eventually threaten the health of humans that coesuhem.Heavy metals
concentrations in aquatic ecosystems are usuallyitored by measuring

theirconcentrations in water, sediments and bi@gugie, 2003).The present

(]



study was conducted on River Jhelum and Dal Lakea&ar.Dal Lake is one of
the most beautiful urbanlakes of Kashmir. During gast few years, concern is
being voiced by people over the deteriorating cooias of Dal Lake which has
fallen victim to human greed as a result of whilsl éntire ecosystem is rapidly
changing (Pandit, 1993). The water quality of Lales deteriorated considerably
in the last three decades due to eutrophicatimgal encroachments, dumping of
organic matter, sewage and other pollutants. Amotlaer source River Jhelum
originates from a famous spring called Verinag imaAtnag district. The water
bodies serve as an important source of indigencausvell as exotic fishes.
Increasing agro-chemical pollution of River Jhelbas become a matter of great
concern. Pesticides are used in agricultural fielad enter the river through land
drainage or with surface run-off during floods axtessive rains. These include
herbicides, rodenticides, fungicides, wormicidassecticides (like chlorinated
hydrocarbons, organophosphates, carbamates, phesiolsThese are lethal to

fish if they exceed the tolerable limits.

In order to use endoparasites as bioindicatoresaguirements have to
be met, as suggested by Kennedy (1997): most iaptibyt the fish host should
be abundant and easy to be sampled and secondlpatiasites must be highly
abundant and prevalent among the host populatiba.Water bodies of Kashmir
valley support a wide variety of indigenous and texfish species. The major
ichthyofauna of Kashmir is represented mainly by @entral Asiatic fauna in
which Schizothoraxgroup is predominant (Sundet al, 1979). The Cyprinidae
are mainly represented by the SchizothoracineswSrauts). A comprehensive
survey to assess the potential of Schizothoradhoes various lakes and streams
of Kashmir valley was made by Raieh al (1985). These are indigenous fish
species and are commercially important with wideketademand. Most species
of the fishes present are exploited in one wayerdther and are facing immense
pressure due to pollution and human interferen8ekizothoracines inhibit both

lentic as well as lotic water bodies of Kashmir.



Lot of work has been done on various aspects sf-parasite interaction
in fishes but very little has been studied regaydielminth parasites as bio-
indicators of pollution. Hence a comprehensive wwds undertaken to study the
gastrointestinal helminths in snow trouts as intisa of aquatic pollution with

special reference to metal pollutants in Dal Lake River Jhelum.
The objectives of the present study were as under:

* To study the incidence of helminth parasites irhds with special

reference to water quality parameters.

« To assess the concentration of various metals ierwéish tissue and

helminth parasites of the fishes in Dal Lake aneeRJhelum.

« To determine the correlation among metal levelsvater, fish tissues,

parasites and physicochemical parameters.

« To determine the histopathological changescausdteyesidues of these

metals in the liver and intestines effected byedéht parasites.



Chapter -2
REVIEW OF LITERATURE

2.1 Physico-chemical features

Global fresh water is the most precious humanwueso Frequently Earth
is called the blue planet because water coverstati®a of the globe, but most of
the water is saline, less than 5% of the waterashf (Herdendorf, 1990), and
much of this water is in the ice caps, glaciers gnound water. Most of the
remainder is in lakes, streams and soil moistune, @ estimated 68% of the
fresh liquid surface water is in 189 large lakethveurface areas greater than 500
km? (Reid and Beeton, 1992).The maintenance of watality standards in lakes
and reservoirs is necessary in order to avoid exeeggrowth of aquatic flora
which is a problem to aquatic biota and humansnamy tropical lakes, temporal
and spatial changes in the physico-chemical pae@re common in response
to surface water runoff, direct precipitation, gnduwater recharge, rate of
evaporation and human interference. These charayesimpacts on the flora and
fauna by imposing physiological and behavioral datamns (Kemdirim, 2005).

Georgeet al (1966) in a limnological survey of the river Kalined that
with pH range 7.0 to 9.0 the bicarbonate conceptraif water remained high and
that these changes were directly related to theogknthetic activities in water
bodies. However, Zutshi and Vass (1978), while whgithe chemical features of
Dal Lake, reported that the water, though not mcimutrients, was alkaline and
slightly buffered (pH, 7.4-9.6) and oxygen of sgdavaters ranged from 7.2-17.6

mg.

Zutshi and Khan (1988) in an eutrophication leskeDal Lake studied
presence of high chloride in the water was attedub the urination and bathing

activities of people on the banks of the Dal Lake.

Crucilet al (1991) while investigating the chloride concetitnain Lake

Erie reported an overall rise from approximatelgng@/l to 35-45 mg/l in the late



1960’s. However, due to cessation of the produabioime soda ash by five of the
six major industrial point sources along the Détrivier in the late 1960’s (which
accounted for 94% of the inflow to lake Erie), ansiderable decrease in the

concentration of chloride from 35-45to 15-20 mgédsaobserved.

Dilshada (1995) reported the pH range of watewbeh 7.6 to 9.3,
dissolved oxygen between 10.1 to 16.8 mg/l, frebaadioxide between 10-109
mg/l and the chlorides between 30.8 and 61 mg/lemviorking on the water
quality of Dal Lake. The highest concentration a$sdlved oxygen and free

carbon dioxide was found in winter season.

Kolo (1999) assessed some physico-chemical paeasnef the surface
water of Shiroo Lake over a period of eighteen menteported that the wet
season mean values for water and air temperatuees significantly (P<0.05)
higher than dry season mean values at all theostatHowever, mean values for
pH, Dissolved oxygen and Phosphate-phosphorus vgemin the dry season

than wet season mean values.

Devi and Sharma (2004) studied the seasonal \@argatin some
important physico-chemical characteristics of thesliwater ponds of Manipur,
reported low concentration of dissolved oxygen Wwhias due to indiscriminate

use of the ponds by the local people.

Kundangar and Abubakr (2004) made a comparisdheofvater quality
changes in Dal Lake over a period of three decadets different basins and
found out that the pH and dissolved oxygen contériiazratbal basin was 7.7-
9.5 (1977) Vs 7.1-8.6 (in 2000) and 2.2-12 mg/l 1®77) Vs 3.6-9.4 mg/l (in
2000), respectively. Similarly, for Nishat basimis 7.4-9.5 (in 1977) Vs 7.3-8.8
(in 2000) and 5.5-11.5 mg/l (in 1977) Vs 5.2-9.8/Infop 2000) respectively. For
Nehru park basin, 7.5-9.5 (in 1977) Vs 7.6-9.2Z000) and 4.5-10.5 mg/l (in
1977) Vs 2.0-9.2 mg/l (in 2000) and 0.8-10 mg/l {®77) Vs 3.2-10 mg/l (in
2000), respectively.



Kumaret al (2004) reported the bad effect of the procegsotitition on
lentic and lotic ecosystem in Jharkhand depicted the physico-chemical
parameters viz, temperature, turbidity, total disst solids, pH, dissolved
oxygen, free carbon dioxide, carbonates alkalinittal hardness, chloride,

phosphate, nitrate, nitrogen and BOD.

Qadri and Yousuf (2004) studied the physico-chammarameters of
Nigeen Lake and found that the pH of the lake rdrfigem 7.05-7.67, suggesting
the alkaline nature of the water body. The dissblorygen, free carbon dioxide
and chloride values were recorded as 6.0-7.8, 38.6-and 11.9-13.0 mg/l

respectively.

Zaaware et al(2004) screened Pashan Lake (Pune) for different
physicochemical parameters of water during the y2@01-2002. The result
revealed that the water temperature varied frofo3®’c and pH ranged between
6.5 and 7.4. A marked variation in total alkalinwyas observed during summer
season. The dissolved oxygen content was high gllsiimmer season. Nitrate
level varied from 1.02 to 2.532 mg/l. The lowestnocentration of nitrate,
phosphate, chloride, carbonate, sulphate, calcimhnaagnesium were recorded
during the pre-monsoon seasons. Their results durttevealed that the

physicochemical parameters of lake water signitiganfluenced the algae.

Njenga (2005) studied the water chemistry of ftyopical lakes, three
rift valley lakes (Nakuru, Elementaita and NaivgsimKenya and one lake in
southern India (Kolleru), and reported that waterfs Lakes Nakuru and
Elementaita were highly alkaline in nature compa@avaters of lake Naivsha

and Kolleru.

Mohan et al. (2005) while carring out studies on the microbaald
phsico-chemical parameters of a Talab in Jodhpajasthan recorded pH that
ranged from 7.2 to 9.2. The higher pH values of Taab were attributed to the

sewage discharged from surrounding human popukatibime free carbon dioxide
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in the Talab waters varied between 0-57 ppm, whigedissolved oxygen content
varied from 1.2-3.7 mg/l. The waters of the Taladd ha high prevalence of

Escherichia coli especially in post monsoon months.

Mustapha and Omotosho (2005) studied the impatiuafan activities
on the quality and productivity of the lake wateasd attributed the lower
concentrations of the dissolved oxygen to the humetivities such as sewage
disposal in the lakes while the higher carbon dlextalues were attributed to the

decomposition of these wastes by micro-organisms

Sharmaet al(2005) studied the eutrophication process in urlade
system of Udaipur (Rajasthan) and found that theopkhe lake water ranged
from 8.35 to 9.30 while the dissolved oxygen lewak found to vary between 0.5
and 7.8 mg/l.

Zafar et al (2005) while conducting study on the water qyatit Dal
Lake reported that the dissolved oxygen conceotraif the Dal Lake basin was
7.2t011.6 mgl/l.

Jeelani and Shah (2006) while analyzing 240 sasnfahefour seasons)
and 17 sediment samples to monitor the naturalagtioropogenic influences on
the water and sediment chemistry of the Dal Lakgomed predominance of
carbonate and silicate weathering. Lower pH and higfal dissolved solids,
electrical conductivity and N{¥alues in the Gagribal basin and in some patches
of other basins reflected the anthropogenic inpotthe form of sewage from
surrounding population, houseboats, hotels etcy Timther reported that the Dal
Lake was characterized by chemical index of ali@naf(CIA: 87-95) reflecting

extreme weathering of the catchment area.

Siraj et al (2006) while studing the physico-chemical pararsebf Dal
Lake, Kashmir revealed that the water near thetiigagardens was more
enriched with nutrients due to increased level ldbiede, phosphorus, nitrogen

and conductivity.



Akhter (2007) reported the annual mean pH in Datd_water to be 7.78
and an annual chloride content to be 14.25 mg/l.

Adeyemoet al(2008) carried a field study (October 2003 and Marc
2004) to develop a data-base on seasonal changéysito-chemical parameters
and nutrient load of the river sediment in Ibadagtropolis. All physic-chemical
parameters (except dissolved oxygen) were highan tthe recommended
standard. The levels of these parameters in dogarstrwere significantly
elevated than the corresponding levels upstrearair Tesult suggested that the
water quality of Ibadan river system was adverséfgcted and impaired by the
discharge of domestic, agricultural and industrastes which was the usual

practice in Ibadan.

Mathur et al (2008) while studying the physic-chemical chaggstics
of Pushkar Lake in Ajmer, attributed eutrophicati@mthropogenic pressures,
holy rituals and tourism as the major Contributifeggtors for the damage,
deterioration and degradation of the lake waterlityuaTheir study further
revealed higher concentration of chloride and ceotidily with greater pollution

levels as indicated by lower concentrations of 8ligsd Oxygen.

Hussain and pandit (2008) studied some physic-ctanfeatures of a
lake Nilnag situated in the foot hills of Pir Paathange of Himalayan mountains
and observed highly significant differences in pagters like pH, conductivity,
acid neutralizing capacity, calcium, sodium, NK, NOs-N, soluble reactive
phosphorus, turbidity, dissolved organic carborplsate, dissolved silica and
total iron of littoral water of lake Nilnag towafdrest side and agriculture side.
They further reported that the littoral water chstnyi was a good indicator of the

catchment land use.

Ibrahimet al (2008) investigated the effect of environmentahditions
of Abu-Zabal Lake on fish caught during March, 2G06February, 2006. The
study included biological, histological and qualdgpects coupled with physic-



chemical, microbial and sensory evaluation. Resufisowed that the

concentrations of metals (Cu, Zn, Cd and Pb) inewatere higher during both
summer and winter. Muscles of fish catches of gpand summer were more
affected by heavy metals than during autumn andewirdlthough the detected
concentration of heavy metals was below the peribiesslevels, however,

detectable histological changes in the gills, $estid muscles were observed.

Koria et al. (2008) studied the physic-chemical properties binda of
Keenjhar Lake (Karachi, Pakistan) from Januarylubgicember 2005. A total of
142 species of phytoplankton, 37 species of zodpdery 39 species of aquatic
plants, 51 species of fishes and 8 species of FRrawere recorded. The
physicochemical properties such as temperaturelimiy, dissolved oxygen,
salinity, conductivity, total dissolved solids, ahitles, turbidity, pH and hardness
were determined on monthly basis and it was comduthat water of Keenjhar
Lake was suitable for growth of aquatic biota.

Singhet al(2008) assessed the water quality and eutrophicatatus of
various lakes situated in the western Himalayas$ pharndia. These workers
found very distinct characteristics in Tsomoriridafisokhar lakes prevailing in
the Ladakh region due to cold desert type climaté lzaving a very low rainfall.
Unusually higher values of certain water qualityrgmaeters, viz, pH, total
dissolved solids, total hardness, chloride, calcamd magnesium were recorded
in these two lakes. The eutrophication statuslithallakes was assessed by using
phosphate data and it was inferred by the workieas Mansar, Surinsar and
Tsomoriri were under eutrophic and Dal, Tsokar Rahuka lakes were hyper-

eutrophic condition.

Bushatiet al. (2010) studied physico-chemical parameters ofo8fk
Lake water (situated on the border between Montenemd Albania). The
temperature of the water ranged from 14.1-28.and pH from 8.1 to 8.5. The
higher pH was attributed to the presence of cartesnand bicarbonates in high

concentration in the lake. The results showedttteShkodra Lake was a favored



environment for the living flora and fauna. The #mwdissolved oxygen
concentrations were observed in summer when thpdmture of the water was
the highest. The average values of AMHranged from 0.025-0.05 mg/l, and the
levels of NQ.N ranged from 0.025-0.05 mg/l and the levels ofsN\Dranged
from 0.18-0.27 mg/l.

Murtazaet al (2010) reported that Physico-chemical charadtesiof
Dal Lake undergo rapid eutrophication under indrepanthropogenic impacts of
drainage of the basins. The chief cause of pohuitiothese basins is attributed to
the addition of major plant nutrients particulaNjtrogen and Phosphorus. The
sources of these nutrients were traced to humaresjagdetergents, agricultural

practices and were responsible for reducing waiality and BOD of the lake.

Parrayet al (2010) reported unusual physico-chemical pararseteDal
and some other lakes. The group also reported grachecrease in these
parameters due to expanding urbanization, intenagcultural practices and

unsustainable exploitation of wetland resources.

Patraet al. (2010) investigated some physic-chemical pararmetd
water samples from three different sectors of Ghilake from March 2008 to
Feb 2009 after the opening of new mouth near GalmkuOverall analysis
revealed a lot of fluctuation in the physic-cherhiparameters of the water
samples. The pH of water was alkaline and along visalinity varied widely

throughout the lake COD was very less due to alesehchemical pollution.

Sinha and Biswa (2011) in a study monitored fiftgdnysico-chemical
parameters of a lake at Kalyani, West Bengal, fpeaod of one year, to assess
its pollution status. The water quality index (W@as calculated using twelve
parameters only. The lake was considered to behitops evidenced by its
shallow depth (2-4m), low transparency (14-34 NTIoy dissolved oxygen (2.5-
6.0 mg/l) and higher concentrations of other natsesuch as phosphates, nitrates,

sulphates and chloride. High value of WQI indicategh degree of pollution



making the water of the lake unsuitable for humsae as well as for fish culture
unless treated and disinfected properly.

Islamet al(2012) assessed the hydrological properties andrvgaiality
characteristics of Chini Lake in Pahang, Malay#atotal of seven sampling
stations were established at the main Feeder RiwérChini Lake for
measurement of stream flow. A total of 10 monitgrgtations covering the study
area were selected for water sampling. Fourteeeniality parameters were
analyzed based om-situ and ex-situ analysis for two seasons and laboratory
analyses were carried out according to the HACH AR#HA methods. Water
quality in Chini Lake varied temporally and spdyiaand the most affected
parameters were pH, TSS, turbidity, DO, ammoniaxtbgen, phosphate and
conductivity. Based on the Malaysian Water Quadlitgex (WQI), the water in
the Chini Lake was classified under class I, megi is suitable for recreational
activities and safe for body contact.

Nwachukwuet al (2013) carried out study on the physico-chemical
analysis of three fresh water springs in distrisiiRma of Kashmir Valley viz:
Sandyasar naag (Ladhu), Batenaag (Khrew) and Smnamaag (Shar). The
samples were collected on monthly basis from Jgniwadune 2011. The various
parameters were analyzed after APHA (1992) and &(#004). The determined
values of the three springs depicted slight vanetifor depth, pH, temperature,
alkalinity, ammonical nitrogen, calcium hardnesloades, DO, free C®and
nitrite Nitrogen. However marked differences welteserved for conductivity,
orthophosphorous and magnesium hardness. Morebeewdriations for total
hardness and TDS depicted ascending and desceneiing

Pratiksha Tambekaat al (2013) collected water samples and analyzed
as per standard methods. Parameters such as pidlitturvere measured in situ
during the sampling. Higher values of several ptgsihemical parameters
indicate the pollution of riverine ecosystem in #tady area. Domestic wastes,

municipal sewage, industrial effluent from paped gulp industries as well as



agricultural runoffs are directly or indirectly pamsible for deterioration of water
guality. Statistical analysis including correlatiomethod average values (AV),
Standard Deviation (SD), Standard Variance (SvVan&ard Error (SE) and 95%
confidence limit (CL) were carried out to assess piollution load. The results
revealed that most of the water samples do not iW#D and BIS water quality
standards, while many samples showing severe \gqa#dity deterioration.

Mehboob and Balkhi (2014) studied seasonal vanain the physico-
chemical parameters and bacterial load in the d&elL The mean temperature
seasonally varied significantly with values of Z8.57, 7.78+0.39 and
11.50+0.7°C, respectively during autumn, winter and springssas. The pH of
sampled Dal water was slightly alkaline. Dissolv@g and chlorine content in

water in different seasons showed slight variation.
2.2 Occurrence and seasonality of fish parasites

Pomphorhynchus kashmirengsvery much prevalent in the fishes of the
Kashmir Valley especially inSchizothoraxspecies that is evident from the

literature cited below.

Datta (1936) described Helminth parasites withcepereference to
Acanthocephalans of fishes. Kaw (1941) provideetaitkd account of Helminth

fauna of fishes in Kashmir.

Cushing (1942) described the various abiotic factesponsible for the
parasitic infection in fishes. The role of temparathas been greatly emphasized
by the author for the incidence of infection anddeethe antibody production.

Bisset (1948) worked on the immune system of fisdred concluded that

infection increases with a steep rise in tempeeatur

Fotedar and Qadri (1974) studied the impact aobthiced carp and the
deteriorating ecological conditions of lakes of Kiasr especially Wular and Dal

on SchizothoraxandOrienus



Amin (1975) studied the host and seasonal assmasat of
Acanthocephalus parjsidejAcanthocephala: Echinorhynchidae) in Wisconsin
fishes and observed that highest abundance andatiatuoccur during summer

and recruitment during summer and autumn.

Andryuk (1979) investigated the life cycle pattewf acanthocephalans
with special reference #canthocephalus lucii.

Radujkovicet al (1983) investigated the ill effects of some péeas
especially Acanthocephla and Nematoda on the fight, [Chelon labrosus.
Acanthocephalan alone was found to be responsiblemécrocytic anaemia while
as nematodes were neutral in this regard. Theyhdurtexplained that
acanthocephalans may also responsible for VitamamdBfolic acid deficiency in
the fish host.

Gleason (1984) studied the seasonal prevalentesity of infection,
infrapopulation and dispersal pattern dPomphorhynchus bulbicolliin
Hyperntelium nigricans Significant differences were found in the seakona
prevalence and mean intensity of infection; botlieMlew in winter and high in

summer.

Jr. Willams and Rogers (1984) identified new spec of
Pomphorhynchuswhich was collected from 14 host species represgnil
families and six orders of fishes from northernriela and southern Alabama. It
differed from all known species oPomphorhynchusby possessing 20-23
proboscis hooks per row. It differed frofh rocci by having a longer neck in

relation to trunk length, larger hooks, a longerhmscis, and a smaller trunk.

Amin (1987) worked onPomphorhynchus bulbocofrom fishes of
Wisconsin lake and concluded that its shows sehdgoesalence and that host
specificity were not so specific.

Brown (1989) while working on seasonal dynamics tie

Pomphorhynchus laevis its intermediate and preferred definitive hastserved



that the rate of parasitic growth increased withewgemperature.

Dhar and Peerzada (1989) studied the seasonaltigariin helminth
parasites infecting Schizothorax niger. Three parasites viz.Diplozoon
kashmirensis Adenoscolex orieneand Pomphorhynchus Kashmirensshowed

different seasonal peaks in summer, winter anchgpeaspectively.

Khidr (1990) studied the seasonality of a monoganEnterogyrus
cichlidariuminhabiting the stomach dfilapia spp. InTilapia niloticaandT. zillii

the peak of the infection was found in winter.

Nie and Kennedy (1991) found tHaaraquimperia tenerrimdListion) a
nematode has higher prevalence during winter éodpting or early summer.

Dhar and Peerzada (1992) observed seasonal auceramd maturation
of the cestodédenoscolex orienin fishes of Wular Lake. The maturation of the

parasite was seasonal and recruitment occurregtimu.

Jhaet al(1992) reported seasonal occurrence of helmintlagtas in
fishes, and showed moderate to high occurrencengluifferent months, while
digenetic trematodes were having quite low prevadeand even the infestation

was absent during certain months of investigatiemogl.

Chishti and Peerzada (1995) studied the seasonalrrence of
Diplozoan species in fishes of Wular Lake. All lroskamined showed maximum

prevalence during summer months.

Molloy et al(1995) studied the population biology Bomphorhynchus
laevis in brown trout Salmo truttd caught from two lakes in the Burrishoole

River system in Irish Republic.

Majidah and Khan (1996) studied the population aigits of nine
species of helminth fauna includinBiplozoan kashmirensis, Clinostomum
schizothoraxi, Camallanus fotedari, R. himalayai,k&shmirensis, Adenoscolex

oreini, Gangesia fotedar, Pomphorhynchus kashmisemMé manasbalensisom



seven species of fishS¢hizothorax hugeli, S.esocinus, S curvifrons, g&rni
Oreinus plagiostomus, Nemachilus kashmirensis,atpic specularisof Wular

lake, Kashmir, India.

Morand (1996) investigated that parasite body size positively
correlated with the host body size. He further prbt¥hat parasite body size is
related to host longevity. Long lived hosts woutdyde more energy and would

harbor more long lived parasites and hence thetarges.

Yousuf and Pandit (1996) studied the developmeptatess of the
Schizothorax nigeheckle inhabiting different lakes of Kashmir Valleyhey
observed a steep rise in temperature hastens tohirga which usually takes
place after 13 days of fertilization in a temperattange of 9-1Z. Its breeding

grounds are usually located in the shallow pariakds on spring beds.

Bakkeret al(1997) for the first time showed that both the paeacolour
and changed intermediate host behavior promote titesmission of

Pomphorhynchus laevis its next host.

Chishti and Peerzada (1998) carried out a helmiagical survey on the
fishes of Wular. Out of 1662 specimens 155 weredtdd with acanthocephalans
and out of which maximum infection was seen wiBomphorhynchus
kashmirensisand least witiN. manasbalensisMaximum infection was recorded
in spring season in all hosts and was usually datethby males. An increase in
the mean number of parasites per host with anaseren the host length was also

evident.

Grutter (1998) observed the prevalence and nuwiti@enedeniagpecies
on Hemigymnus melapterus and wagnificantly greater on fish from the reef flat
than from the reef slope at Heron Island. Thisedéhce in parasite abundance
between the habitats suggests tHamelapterusioes not move between the reef

flat and reef slope separated by only a few hurgloéaneters.

Khan and Majidah (1999) studied the impact of pigtsemical



parameters on the diversity of fish parasites amttladed that parasite infection
showed a regular seasonal trend. Infection wasekigim the late summer and
early autumn months. Infection was also influenbgdother biotic and abiotic

factors also.

Kennedy (1999) investigated the possibility of teogclic transmission
in Pomphorhynchus laeviRainbow trout were exposed B laevisin naturally
infected Cottus gobia, Nemacheilus barbatulus, P. phoxirand L. cephalus
Post cyclic transmission of gravid parasites caaddur fromC. gobiabut not
from L. cephaluswhich indicates that this failure to transmit largearasites of
either sex reflects the age and so developmertieoptoboscis bulb dP. laevis

and the extent of the host encapsulation response.

Ahmad and Chishti (2000) carried out a helminthalal survey of
freshwater fishes of Kashmir valley and revealeat the fishes of Anchar and
Manasbal lakes only were infected with a digenétenatodeClionostomum
Leidy,1856

Cribb et al(2000) reported a heterogeneous distribution of
Pomphorhynchus heronsis the coral reef fish over small distances. Indial
fish from the reef slope had 0-9 worms while asviddial from reef flat had 1-
122 worms. Other variables (year, season, sizé¥lmfmade little contribution to
the variation. These results imply both that thehfhave very limited local

movement and that transmission of the parasitensentrated locally.

Jahanet al(2000) studied the parasites 8thizothoraxspecies and
Cyprinus carpiofrom River Jhelum and recorded the presence ofwaaestode
BothriocephalugRudolphi, 1808).

Machado et al(2000) examined the fish for Helminth parasites.
Prevalence and total host length were positivelyetated in fish parasitsed by
cestodes. Infection intensity and host length wassitively correlated only for

the cestod®. microscopicusThere were significant differences in the preneaée



of parasites in males and femalegoimonoculus.

Caveet al(2001) compared the Helminth parasite communitregel
from lagoons of Adriatic coast and Tyrrhenian coétsivas proved that there is
similarity in composition and structure of Helmintommunities in eels from

coastal lagoons throughout Europe.

Dezfuli et al(2001)studied species co occurrences and intefgpeci
associations between intensity of infection in Habim communities of three
populations of brown trout from northern Italy. Y&rons in fish size and its
effect on infection levels, and whether or not tdelminth species used the same
or different intermediate host could not be reveas reported by other authors.
Therefore, they suggested that interspecific aatiools may be condition
dependent: even in apparently similar localitidse tsame combinations of

helminthes species show different associations.

Evans et al(2001) gave first record of th®omphorhynchus laevis

(Acanthocephala) in fishes from Northern Ireland.

Guillen-Hernandez and Whitfield (2001) revealede ttsympatric
occurrence of the freshwater and marine/estuatmaens of thePomphorhynchus
laevisto compare their infection levels Rlatichthys flesusThey observed that

freshwater worms were larger and had more eggsrtiaime/estuarine worms.

Lyndon and Kennedy (2001) worked on acanthocephpkrasites in
freshwater fish from the British Isles. They propodghat all the known species
have been able to successfully colonize by a wanéimeans. Foremost among
these is the utilization of a migratory fish host their life cycle, allowing
colonization of new areas and rescue effects iabéished areas. In addition all
Six species appear to exhibit resource partitiorogighost at either or both the
larval stages, thus reducing the potential for cetitipn and further facilitating

colonization and survival.

Tingbao and Xianghua (2001) studied the seasarallption dynamics



of Neoecinorhynchus quinghaiensis Gymnocypris speciefrevalence values
were above 44% in all seasons sampled without tindisseasonal trend Mean
intensity reached a peak in the autumn, and theredsed throughout the winter
and spring to reach its level in summer. The sér & female to male was both
high in winter (1.51:1) and spring(1.48:1). Thesghars believed that the higher
proportion of females and the change in the worm re¢io in winter can be

attributed to the reduced longevity of male worms.

Aloo (2002) conducted a helminthological surveywn fish species and
recovered five larval Helminth parasites in themeanatode, an acanthocephalan,
Polyacanthorhynchus kenyense digenetic trematode and two cestodes. Both
prevalence and intensity of the infection of théséminthes increased in large
sized fish, whereas male fish were more heaviledt®@d than females. No

seasonality in infection was observed by the resear

Akifumi et al (2002) investigated that fish hosts were heanilgcted in
lakes with dense population of the isopod intermtedihost. In rainbow trout,
male worms were abundant from winter to spring &mchale worms were
immature during these seasons. Gravid females almredant during summer and
autumn. They concluded thaicanthocephalusp. is an annual species and its
recruitment for the intermediate host to the fistcuss mainly in winter and

spring.

Poulin (2002) has examined the relationship betwdlee species
diversity of taxa, the mean number of article psitietid per year on each taxon, the
mean impact factor of the journals in which thepegr. Six taxa of Helminths:
Nematophora, Acanthocephala, Monogena, trematoestoda and Nematoda
were considered. Out of these six taxa the meamabumpact factor correlated
positively and significantly with the mean annualmber of papers published.
More number of papers was published on Nematodesyatodes, Cestodes than

Nematomorphs or Acathocephalans.



Amin et al (2003) gave a description ofPomphorhynchus
spindletruncatugrom freshwater fishes in Northern Iraq and keyge¢aoera of the

Pomphorhynchidae and the speci¢?omonticelli,1905.

Blanco et al(2003) described the best management practices, in
aquaculture which control infectious diseases angroves safety of the fish
products. These authors stress on the implementatimtegrated measures at the

production level.

Nedevaet al(2003)studied morphology particularly the morphametf
Pomphorhynchus laevidrom river Danube. Extensity and intensity of the

invasion in different fish hosts species were atsestigated.

Ziolkowska and Rokicki (2003) searched the re&trmediate host of
Pomphorhynchus laevia brackish waters of the Baltic Sea. They conafutet
Gammarus zadolachs probably an intermediate host fér laevisin the Baltic

Sea.

Rauqueet al(2006) investigated the seasonality of recruitmand
reproduction ofAcanthocephalus tumesceatthe component population level.
Overall prevalence, mean intensity, and coefficedrdispersion showed the same
pattern of seasonal changes. The seasonal feeditgyrp of fishes affects the
occurrence ofA. tumescengroducing 1 peak in spring and the other peak in
autumn. The low temperature in winter delay repotide process after the

autumn periods of recruitment.

Simkova et al(2006) investigated the patterns and likely proegss
connected with evolution of host specificity in gemeric monogeneans
parasitizing fish species of the Cyprinidae. Theynftmed the hypothesis of
specialization i.e. specialist parasites with largachors tend to live on fish
species with larger body size and greater longevithe mapping of
morphological characters of the attachment organ tre parasite phylogenetic

tree reveals that morphological evolution of tharelsters of attachment organ is



connected with host specificity in the context ishfrelatedness, especially at the
level of host sub families.

Beneslet al(2007) examined the life cycle pattern of acantpbeéans
and concluded the various approximate factors tegt an important role for its

completion.

Mustafa and Altunel (2007) examined three fishcgggefrom Enne Dam
Lake of Turkey for parasitic infections. There was significant positive
correlation between fish length, fish weight, irtfec rate in Crucian carp but
there was no clear correlation existing betweergtlenweight, and parasite
infections in bleak. In addition, a significant #ige correlation was found

between water temperature and infections in gotdep.

Ahmad et al(2008) undertook a study to find out the host dpEty
among the parasites of freshwater fishes of Kasland concluded that host
specificity of Rhabdochona guptaand Allocreadium nemachilusvas highly

specific while ag?omphorhynchus kashmirensisowed least host specificity.

Beneshet al(2008) recorded five traits from isopods infectedhwan
acanthocephalanA( lucijand suggested that the host behavior tremendously
changes over time with the acanthocephalan infectio

Custodioet al(2008) conducted research work for the first tine o
metazoan parasites of common carp from the rivenpbpo and the lagoon
Chuali. Nine metazoan parasites were detected dimguone acanthocephalan
(Acanthogyrus tilapide The parasites communities from river Limpopo and
Lagoon Chuali were very similar, exhibiting low digity and were dominated by

a single species®?’omphorhynchus samfya.

Ehab and Faisal (2008) studied Largemouth badsropterus
salmoidefL.) which is a popular freshwater sport fish inddigan. These authors
noticed that this fish is severely plagued with agrattasites especially the bass

tapeworm Proteocephalus ambloplitisLeidy and different species of



acanthocephalans. They observed an inverse caorelathen the number of
Proteocephalus ambloplitsignificantly increased in the ovary and the nundder
Neoecinorhynchusp. decreased in the intestines. Acanthocephalalisadere

found in the intestines or in the pyloric cecae aete usually associated with

damage of intestinal mucosa at sites of attachment.

Hermida, et al(2008) investigated the gills, digestive tract aswim
bladder of eels from Ria de Aveiro for the presentehe parasites. Fifteen
metazoan parasite species were found including@d¢hathocephalans parasitizing
the fish host.

Rubio et al (2008) worked on the farmed rainbow tr@mcorhynchus
myskissand brown troutSalmo trutta These hosts were monitored for infection
with the blood feeding gill flukeDiscocotyle sagittata They observed new
infections were dominated during summer/autumn waad negligible during
winter/spring season. Thus, they again showed teahype is having a vital role

in parasitic infection.

Seldaet al(2008) investigated monthly variations and the @ffeof host
size on parasite prevalence and mean intensityoimnwon carp from Beysehir

Lake in Turkey.

Ahangaret al(2012) investigated parasites of schizothorax (Matish)
collected from River Jhelum, there was mixed iritewt of cestode, Adenoscolex
and Pomphorhnychus. However, there was maximum ctiofe of
Pomphorynchuspecies (Acanthocephala) in tBehizothoraxspecies of River
Jhelum. Tremendous reduction in weight was obseirvéide infected fishes. The
intestine of the infected fish withomphorhynchuspecies presented a nodulated
appearance due to the protruded bulbs of the pesadihese parasites were seen
to have penetrated through the intestinal wall wvitbir ensheated ends floating
freely in the coelom and the part of the trunkhie tumen of the intestine. The

intestinal wall was completely disrupted at thenpaf penetration. During the



investigation period, a single Acanthocephla wastbpenetrated in the liver of
schizothorassp.

Yakhchaliet al (2012) this investigation was undertaken to yetife
prevalence of helminths parasites in the gastrsiima& tract of catfish. A total
number of 116 catfistS{lurus glani$ were collected from Zarrine-roud River and
examined for helminths. Fish were examined aftershivey contents of
gastrointestinal tract and observed for the presesichelminths using a stereo
microscope and a light microscope. Results inditttat 18.96% of the examined
catfish were infected with digenean trematodesusholg Orientocreadium siluri
(27%), Crowcrocoecum skrjabini (39%), and cestodeBothriocephalus

gowkongensi§34%).

Khurshidet al (2013) conducted an investigation of Helminthagaes of
Schizothorax (Native fish) and Cyprinus carpio (Exotic fish) collected from
Shallabugh Wetland was undertaken for a periodnef year from august 2010 to
July 2011. Out of 486 fishes collected equally tigtwout the year, a marked helminth
infestation was observed Bchizothoraxn comparison taCyprinus carpiowhich
showed a little trematode infection during the renperiod of study. Species of
Schizothoraxwere found to be abundantly infested with tremegotbllowed by
cestodes and acanthocephala. However, less iidestdttrematodes, cestodes and
acanthocephalans was observe@yprinus carpig indicating the susceptible nature
of the Schizothoraxspecies to helminth infestation. From the preselys it may be
inferred that the susceptibility &chizothoraxspecies to Helminth infestation may be
considered as one of the factors responsible éodditline of this native fish from the

water bodies of Kashmir valley.

Shahet al (2013) correlated prevalence of helminth parasitgh water
temperature, pH, dissolved oxygen (DO of water béaienoscolexsp. (Cestode
parasite) showed negative correlation with tempeeatvhich was statistically
significant and showed positive correlation with .plFhe Bothriocephalusp.

showed positive correlation with water temperatarel DO. The correlation



between Diplozoon sp. and Clinostomum sp. with the physico-chemical

parameters was non-significant.

Das and Goswami (2014) conducted the study tatifgeand determine
the distribution along with prevalence and integnsit infestation brought about
by the Helminth parasites itinabas testudineud@loch), Colisa fasciata(Bloch
and Schneider) and Trichogaster lalius (Hamiltorgmf three wetlands of
Goalpara district, Assam during a period of Feb22@il March 2013. A total of
14 Helminth parasites (7 trematodes, 6 nematoddslaacanthocephala) were
detected from different digestive organs with thghbst rate of infestation from
intestine (74.4, 59.5 and 45.6% viz.Artestudineus, C.fasciatandT.lalius). The
study reveals that helminthes show seasonalityengbence, mean intensity and

abundance of infestation.

Ibrag and Fayaz (2014) compared the impact ofewsfit levels of
pollution in the two water boodies n the same sea@f fish to determine

prevalence of parasitic infection.

Qayoomet al (2015) studied helminth parasitic distribution fine
species of native schizothoraecines of river Jhetirdammu and Kashmir in

summer and autumn season.

Zargar et al. (2015) examined monogenean gill parasibgplozoon
kashmirensisof the Carassins carassiuto evaluate the infection level and the
factors influencing the infection. Results showled highest prevalence (34.22%)
of D. kashmirensisvas in the Lake having high trophic status andtlpeevalence
(10.90%) in the lake having least trophic status.

Zargaret al (2015) evaluated the relationship between figlagtes and
water quality in Kashmir Himalayas and assessethingh parasite densities in
Schizothorax nigeHeckel, 1838 (an endemic cyprind fish of Kashrfrojn three
Lakes, namely Anchar, Mansbal and Dal which re#ehthe varied stages of

Eutrophication.



2.3 Heavy metal concentrations and their bioaccumation

Fishes are continuously exposed to waterborne particulate heavy
metals due to continuous flow of water throughsgdhd through food sources.
Metals bioaccumulated in different tissues followffedent patterns of
bioaccumulation factors (Fatima and Usmani, 201Bhe mechanism of
bioaccumulation of heavy metal in fish includesfetiént processes in dynamic
manner. Both physiological/biochemical responsed muetal geochemistry are
responsible for the differences in metal concelangt observed in different
populations of aquatic species. It was confirmeat the internalization of metals
into the cells of gills and internal epithelia fmNs similar mechanisms from
different bioaccumulation studies (Noegrohati, 20@6number of factors such as
sex, age, season, spawing period, variability addfdabitats and pollutant
exposure and phylogenetic differences in regulatbechanisms may influence
the uptake, retention and bioaccumulation of tregetaminants in fish tissues
(Nestoet al,, 2007).

Javed and Hayat (1996) determined that differenega of algae can act
as indicator in appraising and estimating aquatttupon with heavy metals.
Significant correlation between the metallic towiadf planktonic biota and water
demonstrated the capability of plankton to bio-@mrate heavy metals from

aquatic environment.

Sueset al(1997) conducted study in a freshwater subalpirke I
Austria with localized contamination from motorwaynoff. It compares the
accumulation of lead and cadmium in the mugseissenapolymorphwith that
occurring in a common fish species and its intestacanthocephalan parasite
(Acanthocephalus Iugin close proximity to the motorway and at a distan

reference site.

Canliet al (1998) studied the heavy metals, chromium, cqppiekel,

cadmium and lead in the fish speci€sondrostoma regiupCyprinus carpicand



Barbus capitoat five sampling sites established on the SeyhamrRiTurkey.
They reported higher metal levels in fish liver ayillas compared to the muscle.

Heavy metals were also found beyond the safe lifoithuman consumption.

Yilmazer and Yaman (1999) studied the annual tiaria in the
concentrations of major dissolved ions and metalshe water and suspended
matter of the aquatic ecosystem of Ceyan River. Gtvecentration of heavy
metals in suspended matter followed the order: mlum> manganese> nickel>
chromium> lead> zinc> cobalt> copper> cadmium. Tingh concentration of
heavy metals in suspended particles was attribtdeshthropogenic inputs and
pollution due to vehicle fuel remains and phosplfatizers.

Javed and Hayat (1999) studied the role of plankt® an indicator of
heavy metal pollution by zinc, cadmium, iron, leaitkel, and manganese and
reported significant discrepancies in the metadiic concentrations of water due
to discharges of domestic sewage, untreated industifluent and wastewater

into the river due to various effluent discharginutaries.

Kotze et al (1999) determined zinc and copper bioaccumulaitiofish
species, Clarias gariepinus and Oreochromis mossambicusbtained from
Olifants river, South Africa and reported signifitiy high concentrations of
metals correlated with metallic toxicity of the sgstem. The degree and extent of
metals accumulation varied between the two speatiedbuted to differences in
behavior and feeding of these fish. Copper conagatr in the fish tissues
followed the order: liver> gills> skin> muscle wahilzinc did not show any
particular pattern. Zinc accumulation was signifiba higher in liver than that of

muscle tissues.

Sweet and Zelikoff (2001) studied that majorityatfnoxious and toxic
chemicals are damped into the aquatic water bagheswater that can act as a
source of these chemicals and several toxic ag&herefore, the occurrence of

toxic chemicals and environmental pollutants comtate the aquatic ecosystems



that would affect the physical condition and endagarate of fish.

Gbemet al (2001) investigated the consequences of tanrféagets on
the concentration and distribution of copper, cadmizinc and lead i€larias
gariepinus and the order of the distribution of metals in fislhas
lead>chromium>copper>zinc. The heavy metal conaéotrs in fish liver were
significantly higher (p<0.05) as compared to othedy organs. Metals bio-
accumulation in fish liver was followed by the giknd the gut while metals were

found lower in muscle tissue.

Fatokiet al. (2002) determined the toxicity of manganese, eopipon,
aluminium, cadmium, lead and zinc in the UmtataeRiWigeria. The mean levels
of aluminium in the river water varied between 0:2@.36 mgL-1 which were

beyond the permissible limits.

Smolderset al (2003) studied the effects of industrial efflierand
domestic sewage on the aquatic ecosystems and ledvegaeat ecological
disturbances due to continuous contribution ofytalits and contaminants in the

aguatic ecosystems.

Canli and Atli (2003) and Mendil and Uluozlu (2Q0i&ported that
accumulation of heavy metals in various tissueditbérent fish species living in

the same habitat varied significantly.

Ozmenet al (2004) investigated the concentration of metailsg, iron,
manganese, nickel, lead, cobalt, copper, chrominthraajor elements, calcium
and magnesium contamination in the surface watérdaep sediment samples at
various sampling sites in the Hazar Lake, Turkeakd water manifested higher
macro-nutrient levels and lower heavy metal cona¢ion as compared to World
Health Organization standard due to intensive dtmexctivities and sewage
water infiltration resulting in the eutrophicatiai the lake. The variability of
heavy metals and major elements in the sediments wa the order:

iron>magnesium> calcium> manganese> zinc> nickedtromium> copper>



cobalt> lead.

Olaifaet al. (2004) analysed samples of gill, bone, intestinascle and
water for five metals viz. manganese, copper, Zma, and chromium by atomic
absorption spectroscopy (AAS) in two separate empmits. In each case, two
tissues were compared with the levels of the metalsater viz.gill, bone, and
water; intestine, muscle and water. Generally, fogancentrations of the metals
were recorded in water than fish tissues. Higharceatrations of zinc than
recommended by the Federal Environmental Prote&igency were recorded in
the fish during the dry season. Iron was the dontinmaetal in the muscle while
chromium was the least. Significant differences)(08) were recorded in copper
and zinc concentrations in the muscle, intestirtevaater during the dry and rainy
seasons. In gill, bones and water, significantedéices (p<0.05) were only
recorded for the two stations for copper duringrénay season and only zinc was
significantly different (p<0.05) in the dry seasdinwasconcluded that though the
heavy metals of interest were present in measurginatities there were still

within safe limits for consumption.

Milenkovic et al (2005) determined the concentrations of arseroa,
chromium, manganese, copper, nickel, cadmium, lgefcury and zinc in the
sediments of river Danube and found that the rasfgmean concentrations of
heavy metals increased by 46.60 to 156.20% duahareed industrial effluent
discharges in the river. The metallic toxicity adpper, chromium, nickel, zinc
and particularly cadmium in the sediments was highan the target values
indicating potential risk to the ecosystem. The awstr of metals in aquatic
habitats depends upon the bed and suspended sédborposition and the
physico-chemistry of water (Osmomedal, 1995).

Rieumontetal (2005) studied the spatial distribution of heawgtals,
cadmium, copper, chromium, cobalt and lead in tha@irsents of Almendares
River, Cuba. They reported higher metal levels thhe probable effect
concentrations indicating local eco-toxicologicahpiacts and 62% of heavy



metals bound to the sediments could be releasdditacthe river water.

Gobiel et al (2005) studied the contribution of metropolitanda
domestic wastes to the total metal fluxes in theL&wrence River and reported
seasonal variations in the metallic ion toxicityheT ratios of nickel, zinc,
cadmium, chromium and copper to aluminum in suseeéngharticles were high
when compared with the pre-industrial sediments$ Wexe suggestive of higher

trace element fluxes.

Storelliet al. (2005) found that in eco-toxicology, both essarand non-
essential elements have their specific significabeeause of their ability to
persist in water for a longer period of time toeaffthe living organisms due to

their tendency to bio-concentrate in the aquaticifohain/ecosystems.

Dalmanet al (2005) in this study, heavy metals (Pb, Cd) arate
elements (Cu, Zn) were analyzed in figh (abraX) and sediments in the Bay of
Gu” llu“k by atomic absorption spectrometry. Therage metal concentrations in
the fish varied in the following ranges: Pb; <0@2; Cd; <0.01-0.04, Cu; <0.1,
Zn; <0.5-7.2 mg kd. In addition, seven sediment samples were analyret
average concentrations of them were found as Zr§ 8Q 0.45, Cu; 25.2 '}
0.14, Pb; 20.0 } 2, Cd; 0.560.08 mg kg The accuracy and precision of our
results were checked by using International CedifReference samples (fish:
DORM-2, sediment: HISS-1).

Ali and Fishar (2005) Concentrations of major ne(@la, K, Ca, Mg)
and some trace metals (Fe, Zn, Mn,Ni, Cu, Co, Rb,Cd) were determined in
water, sediment, benthos and some commonfish spiom Lake Qarun. Water
and sediment samples were collected from seveostatwhere, the benthos and
fish species were collected from three sites remtasgeast, middle and west of
the lake. Distribution of studied metals showed,tbast part generally had higher
contamination than west one which may be attribiitethe impact of pollution

sources in this area which coming from El-BattsiDend pumping station in the



east part.

Obasohanet al (2006) investigated the fish specieslapterurus
electricus and Chrysichthysnigrodigitatusfrom the Ogba River for the
determination of heavy metals toxicity in orderetcaluate the pollution status of
river ecosystem. The levels of copper, mangandgengum and nickel in both
species of fish were higher than the WHO and FEP#ommended maximum

allowable standards for fish.

Ghoshet al (2006) studied that arsenic exerts toxic and tdetaus
effects to fish even at non-lethal concentratidhisenic can also provoke time-
dependent and tissue-specific changes in immurteraysf fish by impairing the

functions of B-and T-cells, resulting in infectiodiseases.

Dural et al (2007) investigated the concentrations of zirapper, iron
cadmium and lead in the liver, muscle, gill and apbrof three carnivorous fish
speciesSparus aurataDicentrarchus labraxandMugil cephalusDicentrarchus
labrax and Mugil cephalusaccumulated lowest concentration of heavy metals in
their muscle while the highest metal levels wergenbed in the liver oMugil

cephalus

Duralet al (2007) reported liver, kidney and gills as metedadly active
organs to accumulate more amounts of heavy mdtals the other tissue like
muscle. Fish liver and gills were reported as tamggans for assessing metal
accumulation. The amounts of metals in gills reftbe concentration of metallic

ions in waters in which the fish live.

Kumar and Achyuthan (2007) Heavy metals disposadbugh
anthropogenic activities find their way into theeans and seas through the rivers
or through direct fallout from factory effluentshdse heavy metals resuspend
back into the water column along with the sedimeamis are known to affect the
marine animals. Marine animals like fish, prawrglcand mussel were collected

along the East Coast (off Pulicat lake to Chenraibdur) to evaluate trace metal



concentrations in various tissues. The above sm@maccumulated heavy metals
such as Zn, Pb, Cu, Co, Cr, Ni and Cd. Fish, prawah and mussel revealed
higher concentration of heavy metals such as ZnCPCo, Cu and Ni and Cd in
low levels. The results revealed that the heavyaheeincentrations in the marine
animals are below the threshold levels associatiéll tve toxicological effects
and the regulatory limits. The bioconcentrationtdes revealed that the animals
have accumulated heavy metals along the food alaéier than from the water

column and sediment.

Rafiu et al (2007) determined the concentrations of tracealnet
cadmium, lead, manganese, zinc, copper and niagkeburface water and
sediments along the Blaauwbankspruit stream, attilp of the Crocodile River,
South Africa. This investigation revealed highertafiee load in sediments than
that of water due to wastewater discharge from gewmeatment plant and
effluents from a gold mine.

Rauf et al (2008) studied the heavy metal concentrationthen gills,
liver, scales, muscles and skin @irrhinamrigala, Labeo rohitaand Catla catla
from the river Ravi and reported significantly \edole concentrations of metals in
fish organs. Fish liver showed significantly hightendency for the accumulation
of chromium and cadmium as 6.23+1.14 and 4.26+Adsf* as compared to gills
that showed minimum levels of 1.46+0.52 and 1.183Qgg”, respectively.

Obasohan (2008) investigated the bioaccumulatfomaiel in the fish,
Hemichromisfasciatusrom the Ogba river and nickel accumulations were

significantly variable p<0.05 in fish depending ngbe season.

Papafilippakiet al (2008) investigated the seasonal variations ppeq
lead, chromium, zinc and cadmium in the surfaceewaff the Keritis river,
Greece. The toxicity of these metals varied sigaiitly between the warm and
the wet periods. Seasonal variations were attribute agricultural activities,

wastewater discharges and the physico-chemistwatdr, temperature, and flow



rate, pH and redox conditions. The contaminatiowatier with copper, cadmium,
lead, chromium and zinc was positively relatechs pH.

Ozan and Kir (2008) Concentrations of Al, B, Bal, Cr, Ni, Pb and Sr
were analyzed by inductively coupled plasma opticassion spectroscopy (ICP-
OES) in theligula intestinalisplerocercoid (L., 1758), its host tissudsncatinca
L., 1758), sediment and water from Belir Lake. Al, Ba, Cd, Cr, Ni, Pb and Sr
were highest in sediment,while B was the highesiver. Al in Ligula intestinalis
plerocercoid was 6.91 times higher than in fishrfeusthe Al, Ba and Sr levels in
Ligula intestinalisplerocercoid, were 2.99x, 1.23x and 2.26x respelstikigher
than those in fish liver. Compared with water, fedavy metal concentrations in
Ligula intestinaliplerocercoid were higher. This study supports ftheaithat
cestodes aren’t useful to determine the heavy pwtation in aquatic systems

when they are located in their intermediate hdsdgy cavity.

Culioli et al (2009) studied the impact of arsenic in the brdvout,
Salmo truttaliving in a contaminated river of Corsica, FranEesh organs, liver,
operculum and gills showed the highest concentratiof arsenic whereas
concentrations in muscle were lower. Among the fisbues, liver was the main
storage compartment of arsenic (u84)), followed by gills (4.831g9/g) , axial
skeleton (2.03ig/g) and muscle (1.459/9).

Palaniappan and Karthikeyan (2009) investigatedbibaccumulation of
chromium in the selected organs@irhina mrigala, individually and in mixed
solutions of chromium and nickel and found that kiemey was the target organ
for chromium accumulation. In addition, the metatwmulation of the binary
mixture of chromium and nickel was substantiallygher than that of the

individual metals in gills and intestine of thetfis

Begumet al (2009) studied the metallic toxicity of waterapkton,
sediments and fish in the Cauvery River. Heavy mmtacentrations in water,

fish muscle, phytoplankton and sediments variediggntly and increased in the



downstream of river indicating pollution due to laapogenic activities. Fish can
absorb metals directly from water via gills andotilgh ingestion of contaminated
food. Upon ingestion, metals are accumulated im fiiger, gills and other organs
including lipids, muscle and membranes. Heavy metahcentrated in fish gills

and liver tissues.

Ozturket al (2009) In the present study, some heavy me€@s Cr, Cu,
Fe, Ni and Pb) were seasonally determined in waggliment and some tissues of
Cyprinus carpiofrom Avsar Dam Lake, which is an important wateurse for
irrigation and drinking in Turkey. Heavy metal lé&vén water, sediment and fish
samples were analyzed by inductively coupled plaspectroscopy (ICP/AES).
The obtained results showed that the average valuEs in water samples were
higher than the respective reference values fahfrgater. Results for levels in
water were compared with national and internatiavaier quality guidelines, as
well as literature data reported for the lakes. &nalysis of heavy metals in
sediments indicated that among the six heavy métsked, Fe was maximally
accumulated, followed by Ni, Cu, Cr, Pb and Cd. \Wemetal concentrations
were found to decrease in sequence ofayearinus carpiosamples, in the muscle
and stomach-intestine as Fe > Cu > Pb> Ni > Cr piCthe qill, heart and liver
as Fe > Cu > Ni > Pb > Cr > Cd and in the air ssEea> Cu > Ni > Pb > Cd >Cr.
In the fish samples, cadmium, chromium, nickel keadi concentrations exceeded

the tolerable values provided by internationalitngbns.

Retief et al (2009) eighty largemouth yellowfishlLabeobarbus
kimberleyensiswere collected between April 2005 and February 2816 gill
nets close to the island (26°52, 289 28°10, 249E) in the Vaal Dam. The fish
were killed, weighed and their length determinediskle, liver and spinal cord
tissues were collected from each fish and the tinies removed and opened to
exposeBothriocephalus acheilognathiThe tapeworms were collected in glass
bottles and frozen. Water and sediment, as wellvas, muscle and tapeworm

samples were digested and thereafter metal comtems of 23 elements



(lithium, beryllium, titanium, vanadium, chromiunmanganese, iron, cobalt,
nickel, copper, zinc, arsenic, selenium, molybdeneadmium, tin, antimony,
tellurium, barium, mercury, thallium, lead and utan) were determined with an
ICP-MS. Bioconcentration of metals (selenium, meycand lead during autumn;
copper, zinc, selenium, cadmium, antimony, thalliand mercury during winter;
lithium, zinc, selenium, cadmium and antimony dgrspring; and zinc during
summer) occurred in tapeworms. The highest meanevalas recorded in
sediment, followed by water, tapeworms and hostigsA seasonal trend showed
that a higher concentration of the metals had aatabed in tapeworms during

winter when water levels were at their lowest.

Sekabiraet al (2010) studied that rivers running through urbagas has
faced water quality issues due to discharge ofeatdd domestic sewage,
municipal wastes and industrial effluents into thémading to increase the

metallic toxicity in the river waters.

Sharminet al. (2010) investigated the heavy metals mobilitytgrat in
sediments of the aquatic ecosystem of Nomi Rivapad. The heavy metal
mobility in the sediments was in the order. cadmimngopper > chromium >
nickel > iron > manganese. The presence of vataysminerals was found to be

the major depository of heavy metals in sediments.

Elijah et al(2010) evaluated the effects of a cestode parakitgila
intestinalis, on the accumulation of lead (Pb),nsauin (Cd), chromium (Cr) and
copper (Cu) in the cyprinid fishRastreneobola argentean Lake Victoria,
Kenya. ThisL. intestinaligR. argenteanodel also was assessed as a bioindicator
system for heavy metal contamination in the lakée TPb, Cr and Cd
concentrations in thé. intestinaliswere higher than in the fish samples by a
factor 11, 18 and 14 respectively, whereas the @wentration in L. intestinalis
was increased by a factor of 2.5, relative to tliec@ncentration in fish. The Pb,
Cd and Cr concentrations in the parasite body asmé, relative to their

concentrations in fish samples, suggesting in tbadeumulation of these metals



by the parasite. The Cu concentration in the fiahagite decreased, relative to
increased Cu levels in the fish.

Akan et al (2010) determined the extent of cobalt, zinc, pawp
magnesium, cadmium, arsenic, nickel, manganese, i@mad and chromium
contamination and the degree of river sedimentityudkterioration of Ngada
river. The study revealed that heavy metals toxisitreased significantly with
increasing sediment depth, indicating age-long ecdation of heavy metals due
to anthropogenic sources and were higher than thEOW standard sediment
guideline limits exposing the aquatic food chainhagh risk of induced heavy

metal contamination.

Moustafa et al. (2011) evaluated some heavy metals pollution on
Oreochromis niloticusn River Nile and Ismailia Canal. Results compawath
the recommended standard levels of these metalgatar it revealed that the
levels of these metals in River Nile and Ismaibaal were found at critical limits

that constitute a great potential health hazards.

Enejiet al (2011) Heavy metals concentrations were detemindish
organs ofTilapia zilli and Clariasgariepinusfrom River Benue along Makurdi
metropolis using atomic absorption spectrophotomdtiee results indicated that
Tilapia zilli gills contained the highest concentration (52.2%albthe detected
heavy metals, followed by the intestine (26.3%),ilevithe muscle tissues
appeared to be the least preferred site for thacbiomulation of metals as the
lowest metal concentration (21.5%) were detectethis tissue. Similarly, the
Clarias gariepinusgills contained the highest concentration (40.3%}glb the
detected heavy metals, followed by the intestirle@%), while the muscle tissue
(28.1%) was the lowest.

Deeret al (2011) explained the relationship between Cadnpaftution
in water and Crustacean gill parasites in freshivetiéturedTilapia zilli fish. A

total of 375 adults culturedilapia zilli were studied the effect of water cadmium



pollution on clinical examination and the prevalesgasonal crustacean gill
parasitic infestations in the period 2009-2010.sTimvestigation revealed the
appearance of the parasites during spring, summer autumn and their

disappearance during winter.

Javed and Usmani (2011) Investigations on theraatation of heavy
metals (Cu, Ni, Fe, Co, Mn, Cr and Zn) were carroed three commercially
important fishes namel@€hanna punctatugmurrel), Clariasgariepinus(cat fish)
and Labeo rohita(carp). The accumulation was observed in tissuesnudcles,
liver, kidney, gills, and Integument. The resulevgaled that the Fe and Zn
concentrations were the highest in all tissuesyaedl followed by Ni, Cu, Co,
Mn and Cr in almost all the three species. In thesetes ofChanna punctatuthe
order of accumulation is Fe >Zn > Ni > Cu > Co> Mwhereas inClarias
gariepinusit was Fe > Zn > Ni > Cu=Mn> Co > Cr. lrabeo rohitathe pattern of
accumulation was Zn > Fe > Ni > Cu > Co > Mn. Thdeo of accumulation of

heavy metals was similar in murrel and cat fish.

Alina et al (2012) studied heavy metals (mercury, arsenidmaam,
plumbum) in selected marine fish and shellfish gldime Straits of Malacca. In
this study, the marine fish and shellfish from 8teaits of Malacca were analyzed
using Inductively Coupled Plasma Optical Emissigme@rophotometer (ICP-
OES) and Flow Injection Mercury System (FIMS) fod,CAs and Pb and Hg,
respectively. The range of heavy metals in samplee 1.0-3-6.5-3ug/g wet
sample for Hg, 0.5-2-47-2g/g wet sample for Cd, 0.01-0.39/g wet sample for
Pb and 0.14-6.5ig/g wet sample for As.

Zhaoet al (2012) shown correlation of heavy metals in thsue of fish
to their living environments both qualitatively andantitatively and there was
diverse metal bioaccumulation characteristics whiels significantly affected by

environment factors and living habits.

Okoth et al (2012) determined how a cyprinid fisliRgstrineobola



argented partitioned four metals (Cd, Cr, Zn and Cu) ie gubcellular fractions
of the gut in presence of an endoparasite (Ligotastinalis). The fish were
sampled along four sites in Lake Victoria, Kenyaffeding in metal
contamination. Accumulation of Cd, Cr and Zn waghler in the whole body and
in the gut of parasitized fish compared to non-piéized fish, while Cu was
depleted in parasitized fish.

Chalapathi (2012) analyzed heavy metal (Cu, Zn Ribdconcentration
in muscle tissues (qgill, liver, eye, muscle, kidnégart and intestine) dtatla
catla and Lebeo rohitafish species from Mallemadugu area, near Renigunta
Tirupati. A simple preconcentration method was tigved for the determination
of copper, zinc and lead in fish samples. The detedimits of this method for
Cu(ll), Zn(ll) and Pb(ll) ions, were 0.65, 1.9 afdug. L™ respectively. The
maximum concentration of heavy metals was founlivar and gill, the order of
heavy metals level in various organs liver >giltiteistine> muscle> heart> kidney

>eye.

Barus et al(2012) The tissue of two tapeworm speciddgyla
intestinalisand Bathybothrium rectanguluyrand body muscles of their fish host
species were analyzed for heavy metal concentsatignstandardmethods using
atomic absorption spectrometry. Regarding the wabieaccumulation ratio, the
intestinalisaccumulated 12.5-18.9 x more lead, 2.3-3 x morenaad, and 4.4-
14.1 x morechrome, compared to respective metatezdrations in muscles of
cyprinid intermediate fishhosts.

Khan et al (2013) the present study was undertaken to stingy
concentration of some metals in the Lake. The nwadune of Lead observed was
0.087 mg/l, where as cadmium was 0.053 mg/l an@dlteas 0.194 mg/l. Due to
various anthropogenic activities and increase itupon the water of the Lake

has deteriorated.

Ibrahim and Omar (2013) worked out heavy metascentrations;



iron (Fe), copper (Cu), cadmium (Cd), lead (Pb)pczi(Zn), chromium
(Cr),manganese (Mn), mercury (Hg) and nickel (Ni)water, sediment, and
fish muscles dflarias gariepinus collected from six areas at Assiut
Governorate on river Nile using inductively coughasma mass spectrometry
(ICP-MS). The results revealed that Zn, Cu and Bacentrations were
thehighest in water and muscles, followed by Mn, Elb, Cd, Ni and Hg in
areas under investigation. Also,summer was thedsglaccumulation season

and winter was the lowest one.

Enunekuet al (2013) determined heavy metals (Iron, Zinc, Nicked
Manganese) concentrations in surface water anaessf fish (Clariasgariepinus)
from River Owan. Water and fish samples were ctdlgédrom three stations
(Upstream, Midstream and Downstream). The physiooted parameters were
analysed using APHA standards. Heavy metal comatemtis in water and fish
were analysed using an atomic absorption specttopteder. Heavy metal
concentration in surface water and fish were in ahger: Fe>Ni>Mn>Zn and
Fe>Zn>Mn>Ni. In fish, Fe recorded the highest lewadl bioaccumulation

(58.96mg/kg) and Nickel (Ni) had the least bioacalation (2.38mg/kg).

Edwardet al(2013) assessed the concentration of heavy metately,
Zn, Mn, Cu, Fe, Pb and Cd in three matrices incigdiediment, water and Fish
organs (gills, flesh, kidney and liver). The fisingple, Clarias gariepinuswas
collected from Odo-Ayo River in Ado-Ekiti, Ekiti &te, Nigeria. The results
obtained showed that the concentration of heavyaimetwater (Zn-4.65, Mn-
0.79, Cu-0.84, Fe-5.87, Pb-0.16, Cd-0.13) was lovwlean that of the
concentration of heavy metal in sediment (Zn-5];-0.98, Cu-1.37, Fe-6.94,
Pb-0.30, Cd-0.20), While the concentration of hematals in water was higher
than that of fish parts (Zn-0.95, Mn-0.82, Cu-0.66;1.09, Pb-0.09, Cd-0.04).

Aladetohumet al(2013) Monitoring the concentration of heavy metals
water, bio-accumulated in aquatic organism alorgggdrasite infestation has

been of great importance for scientific studies. @&ealuate the level of



contamination, the metal concentrations such as, 2Zmen, chromium, copper,
lead and cadmium were analyzed in the liver and giiLiza falcipnnisinfected
with a parasitic polychaetes (worms) collected fraiperiod of six months (Feb. -
July, 2013). These metal concentrations were medduwm the digested fish and
then aspirated into the flame of the Atomic AbsiamptSpectrophotometer (AAS)
Perkin ElImer Analyst 200 using air-acetylene flaimethe metal analysis against

standardmetal solutions.

Alkallak (2013) studied estimation of the accuntedbconcentration of
cadmium and lead by using atomic absorption speter, in the tissues of the
cestode Postgangesia inarmata De Chambrier, AlKaltel Mariaux, 2003 and
some organs of its final host, the catfish Siluglenis, such as liver, kidneys,
intestine, gills and muscles. The results showsayaificant difference (0.05) in
the accumulation concentration of cadmium and leadhe liver, kidneys,
intestine, gills and muscles of the infected andinfested fishes. The
accumulation concentration of cadmium and leadha ¢estode was 24.24 and

787.87ug/g, respectively.

Shaikh(2013) The concentrations of heavy metal$, @, Pb, Ni and
Zn) in sample water and organs (muscle, gills aref)l of fish Cirrhina mrigala
of river Godavari, at Nathsagar Dam in MaharasWigee analyzed. There was an
appreciable decrease in metal concentrations iplgawater from site | to site Il.
The heavy metal concentrations in sample water was the order
Ni>Pb>Cd>Zn>Cr. The concentration of Nickel was3753.g/L and that of
Lead was 6.2658)/L. Accumulation of heavy metals in the organs fish

Cirrhina mrigala was found in the order gills>mesdiver.

Bashir et al(2013) estimated concentrations of heavy metalgjehg
Cd, Cu, Mn, and Zn, in the muscle, liver, and gifdwo commercially important
marine fishes, namelWrius thalassinusndJohnius belangeriThe fish samples
were collected from Kapar and Mersing, which are west and east coastal

waters of Peninsular Malaysia, respectively. Thaults showed that the muscle



had the lowest metal concentrations compared WweHiver and gills. Among the
estimated heavy metal concentrations, those ofrth@d were the highest and
the lowest, respectively, for both species in meislover and gills. Moreover, our
results indicate that®. thalassinushas higher metal concentrations than
belangeriin both areas. None of the values in the muscleseded the standard
guideline values and hence would not pose anylnbaltard to consumers.

Imtiyaz et al. (2013)the present study was carried inthe fanixald ake
Kashmir. The metal contamination has been ass@ssbkd drinking water of Dal
dwellers. The study showed that there is an inargasrend in the metal
contamination in the lake, no doubt still out ohdar.

Yousafzaiet al (2014) analyzed copper (Cu) bioaccumulation inewa
sediments and indifferent tissues of common &yp(inus carpi9, like muscles,
Intestine, skin, liver andgills collected from Kalp stream Mardan. The results
recorded for bioaccumulation ofcopper was like tiatwater samples the mean
value for copper concentration was 0.014ppm;inrmedi samples mean value for
copper concentration was 0.47ppm. Similarly the maeke for copper
concentration in Muscle tissue was 0.003ppm; iedime tissue was0.10ppm; in
Skin tissue was 0.06ppm; in Liver tissue was 0.03ppnd in Gills tissue

was0.07ppm.
2.4 Histopathology

Histopathological alterations can be used as &tdrs for the effects of
various anthropogenic pollutants on organisms aneéflaction of the overall
health of the entire population in the ecosystenmesg histopathological
biomarkers are closely related to other biomarkéistress since many pollutants
have to undergo metabolic activation in order todde to provoke cellular
change in the affected organism. For example, thehanism of action of several
xenobiotics could initiate the formation of a spiecenzyme that causes changes

in metabolism, further leading to cellular intoxica and death at a cellular level.



This manifests as necrosis at the tissue leveldéiat al, 1996).

Reichenbach (1976) has done pioneering work in fiekel of fish
pathology as he presented collection of eight maparthe histopathology of fish
caused by the metal pollution and parasitic infectand concluded that the

parasitic infection is more alarming as comparethéenvironmental pollution.

Korting (1977) presented a brief review on hypas@ and mechanical
irritation caused due to cestode parasites, andlwded that this association does

not cause any serious tissue inflammation.

Scott and Grizzle (1979) made an observation dhobagy of Cyprinid
fishes caused byothriocephalus idellaand reported thedisorders like focal

pressure necrosis and excessive mucous production.

Jaraz and Szerow (1981) studied the histopathzdbghange caused by
a trematode in carp, and concluded that the parasitise enteritis, which is
frequently associated with congestion (extravasmafaon) and oedema of the

intestinal wall.

Sekretaryuk (1982) observed the interrelationshggong the
Bothriocephalus helminths parasites in carp, and suggested thathaavy
infections parasites fail to find room for attachmhen the host intestine, and

derive their nourishment through the intermedidrgrmther individual.

Bose and Sinha (1984) made an extensive studyHeteropneustes
fossilisinfected with nematode parasites, and concludedtbigastomach tissue
which was attacked by the parasites showed uloeratihd desquamation and
were undergoing lysis. The surface epithelium, fenproporia, muscle tissue and
submucosa were disintegrated at the site of eritthigonematodes into the wall.
Adjacent cells become flattened with displaced @udVorm portions present in
the sub mucosa were surrounded by fibroblastspepkils and lymphocytes but
no capsule was present. Blood vessels were comgaste dilated, and in heavy

infections there was wide spread haemorrhage amghlete loss of muscle layers.



Otto and Heckman (1984) studied the host tisssporese for trout
infected withDiphyllobothrium cordicepsnd concluded that the pleurocercoids
were encapsulated with connective tissue that walsrated with lymphocytes

and macrophages.

Ventura and Paperna (1985) described complete urpictof
histopathological disorders arising out lothyopthirius multifilis and claimed
that the secondary infection by this parasite causgegumentary epithelium

inflammation and repeated infection leads to massellular necrosis.

Wannstallet al (1986) evaluated the consequences caused duéetos
infection in rainbow trout and concluded that thecasal epithelium of the gut
adjacent to the metasoma of the worm suffered cesspn and abrasion. The
prosoma of theP.levis penetrated the mucosal epithelium, lamina proporia,
stratum compactum, stratum granulosum, musculadssarosa of the gut wall,

and was invested by fibrous capsule of inflammatissue.

Muralidhar and Shinde (1987) studied the histoplatfical of cestode
Acanthobothrium uncinatumA series of longitudinal and transverse sections
revealed that the parasites approach the cryptiseolieberkuhn, attach by hooks
and destroy the crypts, and finally reaching thiestinal submucosa which forms

a plaque around the parasite.

Grishchenko and Kuznetsova (1988) found the efiéaholybdenum on
young rainbow trout, this was an histopathologgtatly and concluded that there
was an histological evidence of irritation of gidiad skin.

Noga et al (1990) studied the pathology caused Bgromonas

salmonicidain Anguilla rostrata

Bell et al (1990)reported the pathological effect Benibacterium
salmoninarumn Anoplasma fimbrigSable fish).

Willer et al (1991) worked on the histopathology of the swiadder of

ciscoCoregoniia artediidue to thepresence of nemat@iestidicola farionics



Chein et al(1993) studied the pathological effect @feromonas
hydrophilaon Anguillajaponica.

Estene (1995) studied the pathogenecity of livddya and extracellular

products of motile Aeromonas isolated from eel.

Flano et al. (1996) studied the histopathology of renal antersp
haemopoietic tissues of coho salm@ncorhynchus Kisutchinfected with

Renibacterium salmoninarium

Wakabayashiet al (1996) studied the haemorrhagic ascites of

plecoglossus altevelsaused byseudomonas sps.

Aydin et al(1997) worked on the heamatological and patholdgica

changes in rainbow tro@ncorhunchus mykiskie to theEcherichia vulneris.

Stehr et al (2003) analysed in Vancouver Harbour, Canada, the
occurrence of toxicopathic lesions in liver, Englisole was statistically
associated with concentrations of aromatic hydtomar (AH) metabolites in
sediment and AH metabolite levels measured in blle. general, liver
histopathological lesions are not specific to palhis. Furthermore, not all
hepatic lesions identified in feral fish can bedias biomarkers since certain liver

lesions appear to be species specific.

Antonio et al(2007) analysed reared Nile tilapfareochromis niloticus
of both sexes in freshwater and exposed to 0.5aid02.5mg [* of waterborne
copper for a period of 21 days. Liver and gill séaspvere collected after 21 days
of exposure to copper and lesions were analyzelighy microscopy. The main
histopathological changes observed in gills expdsetie highest concentration
were edema, lifting of lamellar epithelia and amense vasodilatation of the
lamellar vascular axis. Although less frequent, ddam fusion caused by the
filamentar epithelium proliferation and some laraekneurisms were also found.
The liver of control group exhibited a quite nornaathitecture, while the fish

exposed to copper showed vacuolation and necrosis.



Marina and Claudia (2007) evaluated histologichbnges in gills,
kidney and liver of the Neotropical fish speci®chiloduslineatussubjected to
in situtests for 7 days in a disturbed urban stream aradraference site, during
winter and summer. Histopathology showed to berg saitable biomarker for
use inconjugation with then situ test, because the seasonal variation did not
interfere in the results and it was possible tedédhtiate the sites in the urban

stream from the reference site.

Mohamed (2008) described the histopathologic&rations in the liver
of fish Oreochromis niloticusand Lates niloticusobtained from four khors (El-
Ramla, Kalabsha, Korosko and Toushka) of Lake Na&sgypt, they included
vacuolar degeneration in the hepatocytes, focadsacd necrosis, haemorrhage
and haemolysis between the hepatocytes and dilatidnntravascular haemolysis
in hepatoportal blood vessels. Moreover, haemasideas seen around central
veins and hepatoportal blood vessels.

Fatma (2008)investigated the concentration of sbewvy metals (Fe,
Zn, Cu, Pb, Cd and Co) in water and liver, gilidestine, testis, heart and muscle
of O. niloticusand L. niloticus obtained from four khors (El-Ramla, Kalabsha,
Korosko and Toushka) of Lake Nasser, Egypt duri@@62(atomic absorption
spectrophotometry) with emphasis on the histoldgdtarations in these organs.
Metal concentrations in the water of khors (mg@)idwed an abundance of:
Fe>Zn>Pb>Cu>Cd>Co. Several histopathological ditara, including vacuolar
degeneration with focal areas of necrosis in lipeojiferation in the epithelium of
gill filaments and fusionof secondary lamellae,esevdegenerative and necrotic
changes in the intestinal mucosa and seminiferabslés, degeneration and
atrophy in cardiac muscle fibers and degenerationmuscle bundles were
observed in the studied tissues of both fish &salt of the accumulated metals.

El-Naggaret al. (2009) determined the accumulation of iron, maega,
copper, zinc, cadmium andlead in liver of collec@dniloticusfish. In addition,

the sameliver samples were examined histopathatgicResults showed that



trace metals accumulations in fish liverat areaenmalvestigation were detected in
following descending order: Fe > Cu > Zn > Mn > PICd.Histological study

indicated that the liver oD. niloticus living in the studied stations showed
severalpathological alterations including: deget@na fatty degeneration,

necrosis and edema. Also congestion,branching tfer@ss), hemorrhage,

hemolysis, hemosidrin and parasitic forms were se®tood vessels.

Dezfuliet al (2009)studied damage caused by digeneans of the mucosal
epithelium of the villi.Necrosis and degeneratidnepithelial cells were also
evident. At the site of digenean infection, a higimier of rodlet cells (RCs) and
mucous cells were observed in the epithelium, with types of cellsexhibiting

discharge activity.

Khoshnoodet al. (2010) evaluated heavy metals bioaccumulation and
explore their histopathologicaleffects on hepatesydf oriental soleHuryglossa
orientalis) and deep flounderP&ettodes erumgfishes were caught from two
areas of north coast of the Persian Gulf, Bandaba&b and BandarLengeh.
Concentrations of nickel (Ni) and vanadium (V) imel of both species in two
sampling regionswere in the following order: Banddnbass> Bandar lengeh.
Between the two species, these quantitieswere highd®. erumeithan E.
orientalis in both sampling regions. Histopathology of theetivshowssome
cellular alterations including degeneration, neisraand tissue disruption, and

histopathologicaleffects were severdlinerumethanE. orientalis

Yousuf et al (2013) evaluated the presence and subsequert effe
trace metals (copper, zinc, iron and manganesah@imistomorphology of liver
of Schizothorax nigeflendemic fish) from Dal lake of Kashmir Valle Using
Atomic Absorption Spectrophotometry. The highestaamtration of metals was
observed in the summer seasons and the lowest rdoaiens in the winter

seasons during the entire study period.

Selvanathanet al (2013) investigated heavy metals like mercury



andcadmium on fresh water fiSharias batrachusarried out in the lab. The total
autopsy was completed in less than 4 mins. Thdtsbswed that the degree of
distortion of the gill, liver was proportional tohé exposure period and

concentrationof the metals was found to be dosdiareldependent.

Khanet al (2014) evaluated the acute toxicity effects of'Rim essential
trace metals behavior and histopathology of Cruaarp Carassius auratus
gibelio). The fish were exposed to sub lethal concentratbn5SmgL’ as
environmentally relevant Pbfor a period of 96 h. Trace metals (Pb, Cu, Zn, Fe
and Ca) levels were determined in the gill, liMddney and muscles tissue by
ICP-OES. Histopathological changes in the gills exposed fish were
characterized by lamellar shrinkage, disruptioncaftilaginous core, epithelial
lifting, lamellar shortening with desquamation andrling of the secondary
lamella. The trunk kidney had severe shrinkage loimgruli, hypoplasia of
hemopoietic tissue as well as mild glomerular amoular necrosis. The liver
showed cellular edema, necrosis of hepatocytes muttiear degeneration and
pyknotic nuclei. The brain exhibited severe proateon of glial cells, cellular

necrosis, severe perivascular edema and satedlitosi

Chavan and Muley (2014) explored the impact ofviggaetal mercuric
chloride (HgCl),Cirrhinus mrigalawas chosen as a model for the study. After
determination of LC for mercuric chloride, 50fisheere treated with 1/4Dand
1/20" concentration of LC of mercuric chloride for a iper of 30 days. The
histopathological studies revealed that, the heaetal under study is capable of
inducing changes in different fish organ like kigirand intestine.The prominent
histopathological changes in intestine include degative and necrotic changes
in the mucosa, loss of structuralintegrity of vilivhile kidney showed expanded
renal tubules with a dissociated epithelial lininBestruction of epithelial
andmesenchymal cells, loss of tubular integrity tuenecrosis was notable in
kidney. The histopathological changes were pogditomrelated with

concentration and time of exposure to heavy metal.



Kaoudet al (2014) studied the effect of mercury (Hg) toxicits impact

on liver histopathology, hematological and biocheahichanges in Nile tilapia
(Oreochromius nilotics  Significant changes in plasma aspartate
aminotranseferase (AST), alanine aminotransferA&d)( alkaline phosphatase
(ALP) and acid phosphatase (ACP) were observednigeflings. Results also,
indicated that the addition @pirulina platensisor chitosan to the Hg polluted
media reduced significantly (P<0.0%Jg level in aquarium’s water as compared
to that of Hg alone. They improve the hematologpadameters (RBCs, Hb, Hct)
and ameliorate the toxic effect of Hg in the aquativironment.

Paulet al (2014) studied histology of liver exposed to 3&uhLC50
concentration of copper sulfate (CuS&H,0) and cadmium chloride
(CdCh.H;0) with varying water pH (4+0.5, 7£0.5 and 8+0.8)an air-breathing
catfish Heteropneustes fossilisThe histopathological changes observed in the
liver tissue post exposure included necrosis, digien of hepatocytes,
degeneration of blood vessels, distended sinuswidls pyknotic nuclei and

vacuolation of cells.

Bhuyanet al (2014) analyzed qualitative and quantitative digggical
alteration in fishOreochromis mossambicullected from Kedilam River at
three stations, which receive mostly industriallugiit and municipal runoff.
Results showed that number of histological alteratobserved in gill like
structural alteration of epithelium, epithelialtihig, fusion of secondary lamellae
and hyperplasia. In liver blood congestion, reguesshanges like degeneration
of hepatocytes, vacuolation, and necrosis obsewtsgte as in kidney it shows
glomerular congestion, tubular degeneration, pixjve changes like

hypertrophied epithelial cells, haemorrhage in banis space.

Chapter3
MATERIALS AND METHODS

3.1  Study site



The valley of Kashmir is situated in the mid-Hiengds in the North
West and South East direction within the coordis&®01-3500N latitude and
7348-7530E longitude at an altitude 21500 m above sea level. The study was
carried out in two water bodies viz., the Dal LRé-07N-7452E) and the River
Jhelum 82°56 N and 73°44Eas). Four sites that were selected from Dal Lake
viz, Hazratbal Basin, Telbal Nallah, Dalgate ghad &aidakadal. Three sites were
selected from River Jhelum viz, Khannabal (Ananfndaghattabal Weir and
Zerobridge(Figs. 1 to 7).

The field collection was conducted on seasonaisbd$e four seasons
include spring (March-May, summer (June-August),tuain (September-

November), spring (March-May) and winter (Decembebruary).
3.2 Sample collection

Water and fish samples were collected seasonalgter samples from
the selected sites were collected ten centimettsvthe surface. Three replicate
of surface water samples were collected from eamht pf the same location
using polyethylene sampling bottle. Prior to use bottles were washed and
soaked in 5% nitric acid and rinsed with deionigeder. Further before sampling,
the bottles were rinsed at least three times watewfrom the sampling site. The
water samples were acidified immediately afteremilbn by adding 5 minitric
acid to minimize adsorption of heavy metals on®whalls of the bottles (APHA,
1998; Golterman and Clymo, 1978). Bottled sampéden to laboratory were
filtered through 0.45 pum Whatman filter paper immagely after the samples have

been transported to the laboratory and storedGtstil metal analysis.
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Fig. 7 : Khannabal



Fish specie§chizothorax niger, Schizothorax esocinus, Sclozath
curvifrong along with their parasiteswere collected randoifnbm two water
bodies with the aid of local fishermen, quicklyléd and stored on ice. The fish
samples were immediately transported to laboratedyere morphometric
measurements involving wet weight (ww), total ldngand weight of each of

these fishes were carried out.
3.3 Physicochemical parameters of water

Water samples was collected during each survey amalyzed for
various physicochemical parameters like water teaipee, dissolved oxygen,
free carbon dioxideand pH. For dissolved oxygertewsamples were collected in
separate B.O.D bottles of 250ml capacity each ashgestandard procedure. The
samples were fixed on the spot as per the Winklerimodified method and
brought to faculty of fisheries for further detail@nalysis. Collected samples
were analysed according to APHA (2005) for différephysic-chemical

parameters.
3.3.1 Temperature

Temperature of the water was recorded with thep hefl celsius

thermometer at the time of sampling.
3.3.2 pH

The pH of water was measured with a portable aligiH meter (Eutech)
which was standardised with freshly prepared kn&uffer solutions of pH 4.0,
7.0 and 9.2.

3.3.3 Dissolved oxygen

Dissolved oxygen was determined by modified weenld method
(APHA, 2005).The sample was collected in 300 mkglatoppered BOD bottle.

Two ml of manganous sulphate and two ml of alkalowde azie solutions were



added to fix the dissolved oxygen. It was shakesrainghly and the brown
precipitate which appeared was allowed to settl@o Tml of concentrated
sulphuric acid was added to it through the sidethefbottle and shaken well to
dissolve the precipitate. 50 ml of this solutionswaken in a conical flask and
titrated with 0.025 N sodium thiosulphate solutiming starch as an indicator to a

colourless end point and was calculated usingaheving formula :

X xN x8 x1000

Dissolved oxygen ( mg/l) =

Y
Where X = ml of titrant used
Y = ml of sample
N = normality of titrant

3.34 Free carbon dioxide

The method of APHA (2005) was followed for anatysif free carbon
dioxide in the samples. Free carbon dioxide waslyaed by using
phenolphthalein indicator and sodium hydroxideatitr For this purpose, the
water (50ml) was taken in a conical flask and Sdrof phenolphthalein indicator
were added to it. In case the water turned pingoiour, it indicated the absence
of free carbon dioxide. If the water remained cdiess, sodium hydroxide (0.227
N) was added to it until a permanent pink coloupegred and was calculated

using the following formula :

X XN x8 x1000x 44

FreeCQ(mg/l) = Y
Where, X = ml of titrant used
Y = ml of sample
N = normality of titrant



3.4 Examination of live helminth parasites of fishs
3.4.1  Preliminary treatment of the fish

The fishes were first given serial number and ttientotal length (cm)
and sex of each fish were recorded. After collegtithe fish samples was
subjected to helminthological examination and thezserved in ice. Fishes were
dissected in the Ilaboratory. Intestine was remowatd examined for

gastrointestinal helminth parasites.
3.4.2 lIsolation of helminth parasites

The fishes were examined for the endoparasitekillnyg them by the
usual method of a blow on the head for any para$he parasites belonging to
the major groups were separated, identified andnteol Identification was
carried out by morphological examination, as désdiby (Yamaguti, 1958;
Soota, 1983 andretief et al., 2009) The cestodes and acanthocephalans were
removed from the host without any form of treatmembr to preservation except
that acanthocephalans were relaxed in tap wat#ratspecimens with proboscis

fully everted were produced.

In case of acanthocephalans, if the anterior easl deeply bored in the
mucosa of the intestine, a few crystals of the m@bhwere added to the normal
saline, containing the parasites adhered to thestinal wall. This led to
immobilization of the parasites & loosening of @ on the intestinal wall and
facilitated the detachment of proboscis in caseacénthocephalans without
causing any distortion in the arrangement of hooks.

Cestodes were killed by pouring them in a flasktaming saline heated
up to 60-86C and then shaken vigorously for 20 seconds. Tiesoof the
cestodes were fixed separately on a clean glagsIsii placing a cover glass on it
while rest of the body was fixed by placing anotbkss slide, on the previous
slide containing the cestode. Weight was put onstltke so that it got fixed and

acquired the required transparency so that inteongdns could be visualised.



The regular record of the collection was maintaireedl the prevalence of
cestodes and Acanthocephalans were carried outebyotlowing formulas and
such Ecological terms are studied as per Margalial (1982) and Gudivadat
al.(2010).

Prevalence = Total No. of hosts infected x 100
~  Total No. of hosts examined

Total No. of parasites
Total No. of infected hosts examined

Mean intensity =

Total No. of parasites
tal No. of hosts examined

Abundance or relative density= To

3.5 Metal estimation
3.5.1 Reagents and Solutions
The reagents used in this study are listed below:

1. Stock solution concentration of 1Q@yml each for zinc, copper,
iron, nickel, cobalt, aluminium, cadmium, calciunchromium,

manganese, lead and mercury were from (E-Merckn@ey.

2. Nitric acid (HNG;), concentrated (67-70%), reagent grade minimum,
Hydrochloric acid (HCI), concentrated (34-37%), geat grade
minimum and Hydrogen peroxide {8&) 30%, reagent grade

minimum.
3. De-ionized Water
4. 0.45 pm Whatman filter paper
3.5.2  Safety

Nitric and hydrochloric acid should not be prendixeather added



individually to each sample vessel. Mixtures ofiaiand hydrochloric acid must
not be stored in closed containers. Slowly andfolyeadd the acids to water,
otherwise can cause a violent exothermic reacBanform digestions of samples
under a fume hood and wear appropriate PPE (Pdr8watective Equipment)

including lab coat, gloves, and safety glasses.
3.5.3 Preparation of standard solutions

Standard solutions were prepared from the stotki@o (100Qug/ml) of
each metal. Initial 18y/ml concentration working solutions were prepdrec the
stock solutions by pipetting 1ml of the 100§ ml into 100-mL volumetric flasks and
diluting to the mark with deionized water. Depeigdon the linear response range of
the metal, the calibration standards were thenapeejpby appropriate accurate and
precise dilution of the 10g/ml working solutions. The calibration standaraisdll of

the metals had a concentration working range @@ ppm.
3.5.4 Instrumentation (Fig. 8)

The absorbance of the calibration standards amglea were measured by
Atomic Absorption Spectrophotometer (model, A Asal§00; Make, Perkin Elmer
Ltd) by using an air acetylene flame for the deteation of these metals. Kjeldahl
flask, were used to gently heat fish samples to adaess in the digestion process.

3.5.5  Atomic absorption measurement conditions angarameters

Hollow cathode lamps of metals were used to pe\lte line sources
needed for the determination of selected metale &dltsorbance of a metal in
FAAS depends on the type of flame used, fuel andamt ratio, flow rate of fuel
gas, and burner height. The measurement condifowrice Perkin Elmer Ltd AA
Model 800 used are shown in Table-1. For all samplealyzed, the flame used
was air-acetylene @El,), and the burner angle and support gas flow raew
zero degree and 15.0L/min, respectively.



Fig. 8: Perkin Elmer Ltd AA Model 800 Flame Atomic Absorption
Spectrophotometer



Table 1 : Atomic absorption measurement parametergsed in this study

Metal Wavelength  Flow rate of Slit width Burner

gas(L/min) (nm) fuel (nm) (nm) height(mA)
Copper(Cu) 324.8 1.8 0.7 7.0
Zinc(Zn) 213.9 2.0 0.7 7.0
Cobalt(Co) 345.4 2.0 0.1 7.0
Nickel(Ni) 232.0 1.6 0.2 7.0
Manganese (Mn) 403.1 0.5 0.1 5.0
Chromium(Cir) 425.4 0.4 0.1 7.0
Aluminum(Al) 396.1 1-2 0.1 5-8
Iron(Fe) 248.3 2.2 0.2 9.0
Calcium(Ca) 422.7 1 0.5 10
Cadmium(Cd) 228.8 1.8 0.7 4.0
Lead (Pb) 217.0 2.0 0.7 7.0
Mercury(Hg) 253.7 2.0 0.5 4.0




3.5.6 Sample preparation and treatment
3.5.6.1 Water

Processing of water samples for metal analysisoaased out as per the
standard methodology of American Public Health Assmn (A.P.H.A., 2005).
Measured volume of well mixed, acid-preserved samgbpropriate for the
expected metals concentrations was transferred ftask or beaker. 5 ml
concentrated HN@®was added to it and the sample was covered wiibled
watch glass. The sample was boiled in Kjeldahlflastl then evaporated to 15 to
20 ml. 5 ml concentrated HN@nd 10 ml concentrated,50, was added cooling
flask or beaker between additions. The sample® weaporated on a Kjeldahl
apparatus until dense white fumes of;&Ppear. If solution does not appear clear,
10 ml concentrated HN Owas added again and the process repeated until
evaporation of S©fumes. The sample was heated to remove all fiN&ore
continuing the treatment. All HNOremoved when the solution is clear and no
brownish fumes are evident. Sample was not letetay during digestion. The
sample was cooled and diluted upto 50 ml with deexhwater. The finely treated
and appropriately concentrated water samples watsitkehoroughly cleaned and
air tight glass flasks, before being aspiratedatliyeinto the Atomic Absorption

Spectrophotometer.

3.5.6.2 Fish tissue and parasites

Fish tissues and parasite were processed for raptdisis (Chernoff,
1975; Abdallah and Moustafa, 2002).Samples werestegl by wet digestion
method. The tissue sub-samples were oven driedZC1until they reached a
constant weight (Surest al, 1995). A mixture of nitric, Perchloric and sulptt
acids in a ratio of 3:1:1 volume was used in adgeél flask. 10 ml of this mixture
was usually sufficed for 10g fresh tissue. Blankgents without fish samples
were also digested using the same method. Digegplea for a minimum of 1

hour at a temperature of 95£5°C.Dilute the entimgle with de-ionized water to



the 100 ml volume. The samples were filtered threwe times to remove any
small particles that could remain before being yred. The samples were than
analyzed for heavy metals on Atomic Absorption $pghotometer. The
metalconcentrations in tissues were reported aggdmg weights. Dry weight
concentrations were converted into wetweight cottaéons by followingformula
using on average 80 %moisture content in fish @éssu

n= (Dry weight concentration) x (1-% moisture content)
- 100

Wet weight concentratio

3.5.7 Sampleanalysis

Standard solutions were prepared from the stoltkisn of each heavy
metal. The absorbance of these solutions were mezhsising the Perkin Elmer
Ltd AA Model 800 flame atomic absorption spectrojgmoeter. Each sample was
aspirated into the nebulizer through a capillaretuwhere the samples were
converted into a fine mist or aerosol. Then, th@rated sample in aerosol form

enters the atomizer.

For each metal, the concentration was determimeth feach linear
calibration curve respectively. All standard sau8 for a specific metal were
prepared immediately before analysis to avoid gutsmr of metals on to the
containers and decomposition. The same instrumeatalitions were used to run
the standard solutions that were used for the samiplr each metal. When the
absorbance of a sample exceeded that of the higlmstentration standard
solution of a particular metal, appropriate dilatiwas made to bring the sample
concentration within the linear response rangeplitate measurements of each
standard solution were taken along with triplicateasurements of each water and
fish sample. The muscle tissue samples were diviaedtriplicate aliquots and
each triplicate measured three times.



3.6 Pathology
3.6.1 Gross pathology

Fishes were systematically subjected to detailechcrascopic
examination with special emphasis on liver, intestiand the lesions were

recorded.
3.6.2  Histopathology

Representative tissue samples from the liver,sime affected by
parasites were collected in 10% formalin. The essamples were processed for
routine paraffin embedding technique and 5u thotise were stained with Haris
haematoxylin and Eosin (Luna, 1968; Bereeal, 1999).

3.6.3  Histochemistry

Parallel tissue section selected on the basis isfogathological
examination were stained for following histocherhmaservation.
3.6.3.1 Determination of Acid and Neutral Mucin bycombined Alcian blue

PAS stain (Bancroft and Gamble, 2002)

Tissue sections were immersed in Alcian Blue (pHx2heated in
Microwave at 900 watt power for 45 seconds andvatbto stand in solution for 5
minutes. After washing in running tap water for uates followed by rinsing in
distilled water sections were immersed in 0.5%quolei acid for 5 minutes. The
slides were dipped in Schiff's reagent heated inrbMivave at 900 watt power for 45
seconds and allowed to stand for 5 minutes. Aderslides were washed in running
tap water for 5 minutes followed by rinsing in dlistl water. Counter staining was
done with haematoxylin differentiation with acicathol and bluing with ammonia
water. The sections were dehydrated, cleared arelmeunted in DPX.
3.6.3.2 Determination of Mast cells by Toluidine Rle Staining Protocol

(Gandalfo et al., 2006)

Formalin fixed tissue were cut into paraffin sent of 4u. Deparaffinise

the tissue and hydrate to distilled water. Theeslidvere dipped in working



Toluidine blue, 1-2 minutes. Rinse the slides wBtlthanges of distilled water.
Dehydrate the slides quickly through the 95% andoMte alcohols. The sections

were dehydrated, cleared and were mounted in DPX.
3.7 Statistical analysis

SPSS for Windows 17.0 (SPSS Inc.) was used faisstal analysis of
the data. One-way ANOVA (Analysis of Variance) vpesformed for statistically
significant difference in the mean value of heavgtah concentrations and
physicochemical parameters between the seven sanplies. Difference in
mean values was accepted as being statisticallyifis@nt if P<0.05. The
concentrations of all metals in fish sample areresged inug/g and the water
concentrations are expressedufL.The metal content data being expressed on
wet weight basis were compared with the WHO (20§idphdards. Post hoc test
should be used to interpret the data. One-way aisadyf variance (ANOVA) was
used to see the significant differences in intgresitd abundance within two water

bodies.

Non-parametric analysis i.e. Mann-whitney test wsad to compare the

condition factor of uninfected and infected fislfigen the same populations.

U=nlnz_|_”2(”2 +1 iﬁ

i=my+l

Pearson’s correlation (r) was used to assess iagens between
different physico-chemical parameters and parasitection. Also, correlation (r)
was determined among metal levels in fish tissueder and different physico-

chemical parameters. The mathematical formuladanputingr is:

HZW—( =) (> »)
() - () - ()

Wheren is the number of pairs of data.

=




Chapter -4
EXPERIMENTAL FINDINGS

4.1 Physicochemical parameters

The present study was conducted from Septembé&B 0August, 2014
with the aim to record the physico-chemical natirevater at different sites of
Dal Lake and River Jhelum in order to assess tlaagihg physical properties,
and chemical nature of water. Four sites in Dald_akd three sites in River
Jhelum were selected for the purpose and the sam@ee collected on seasonal
basis. The data is presented in Tables 2 to 5. prasent study showed that
physico-chemical parameters did not remain stabtepfolonged period at a
particular place and show fluctuations from regitonregion, and season to
season. Marked differences were observed in thevwat®r bodies during the

study period.
4.1.1 Temperature (Table2, Fig. 9)

The average water temperatures (meanzsd) recoatedalgate,
Saidakadal, Hazratbal and Telbal of Dal Lake wér&2+8.45C, 17.35+7.96C,
17.78+8.08C and 16.70+7.6%, respectively while as at Chattabal weir,
Zerobridge and Khannabal of River Jhelum were H6@PC, 13.41+5.76C
and 12.21+5.6%C, respectively. The temperatures among differecations did
not vary significantly (p>0.05). The overall meamx8f temperatures recorded in
autumn, winter, spring and summer seasons of difterlocations were
16.38+2.08C, 5.93+1.08iC, 16.34+2.68C and 23.04+4.0% respectively. At
Dalgate, the average water temperatures in autwimer, spring and summer
were 18.03+4.0%, 6.55+1.48C, 17.88+2.97C and 27.22+1.7C, respectively.
The trend in temperature difference during différe@asons varied significantly
(p<0.05). At Hazratbal, the average water tempegatin autumn, winter, spring
and summer were 19.24+5°@ 7.04+2.88C, 18.27+2.92C and 26.55+2.4%,
respectively. The temperature during autumn (p<Ov@&s significantly higher in



comparison to winter and spring (p>0.05). At Tellbhé temperatures in autumn,
winter, spring and summer were 17.22+3(886.68+2.26C, 17.55+3.12C and
25.33+2.34C respectively and the trend of variability in tesnmtures were
significant (p<0.05) during all the four seasonghwvihe highest temperature being
recorded during summer and the lowest during wiséason. At Saidakadal, the
average water temperatures in autumn, winter, gp@md summer were
17.07+4.18C, 6.77+1.88C, 19.66+3.68Cand 25.88+1.3&, respectively. At
Zerobridge site, the average water temperaturesutomn, winter, spring and
summer were 15.44+2.682, 5.333+1.32ZC, 14.00+3.82C and 18.8+1.2&,
respectively. At Chattabal weir, the average wterperatures in autumn, winter,
spring and summer were 14.16+2Q1 4.77+1.38C, 14.0+3.96C and
19.44+1.56C, respectively showed a significant variation Q©5). At
Khannabal, the average water temperatures in aytwmter, spring and summer
station were 13.50+3.8Q, 4.37+1.32C, 13.00+3.3%C and 18.00+1.3Z
respectively, showing a significant seasonal vimaiP<0.05). There was an
increasing trend from winter to summer in water genature in all the sites. The
minimum and maximum temperatures recorded in differstations during

different season ranged from 4 td°@7
4.1.2 Dissolved oxygen (Table3, Fig10)

The average dissolved oxygen concentrations (M&Rhtrecorded at
Dalgate, Saidakadal, Hazratbal and Telbal of DateLavere 4.89+0.864 mgl/l,
4.73£0.63 mg/l, 4.68+0.97 mg/l and 6.18+0.68 mgdspectively while as at
Chattabal weir, Zerobridge and Khannabal of Rivesium during different seasons
were 5.75+0.59 mg/l, 5.71+0.74 mg/l and 6.66+1.08/|mrespectively. The
difference in the dissolved oxygen concentrationdifferent sites did not vary
significantly (p>0.05). At Dalgate, the dissolvesdygen concentrations recorded

during autumn, winter, spring and summer were D1Emg/l, 5.87+1.27 mgl/l,



Table 2: Seasonal mean temperatures’C) of the water samples collected from different &s of Dal Lake and River

Jhelum
Seasons
Location | Autumn  Winter (Mean|  Spring  Summer (Mear| Overall Mean C.D
(Mean * SD) + SD) (Mean * SD) + SD)
Dal Lake
Dalgate 18.03+4.08 6.55+1.48 17.88+2.97 27.22+1.71 17.42 + 8.45 2.67
Saidakadal 17.07+4.18 6.77+1.85 19.66+3.60 25.886t1 | 17.35+7.96 2.88
Hazratbal 19.24+5.46 7.04 +2.89 18.27+ 2.92 26.5852 17.78 + 8.05 3.50
Telbal 17.22+2.88 6.68 +2.20 17.55 +3.12 25.3342.3 16.70%+7.65 2.57
River Jhelum
ChattabalWeir 14.16 +2.91 4.77 £1.39 14.00 +3.90 4491.50 13.09 + 6.09 2.55
Zerobridge 15.44 +2.66 5.33+1.32 14.00+ 3.84 18826 13.41 +5.76 2.88
Khannabal 13.50 +3.39 4.37 £1.32 13.00 +3.39 18108 12.21 +5.69 2.88
""" Overal Mean | 16.38:2.08 593108 | 1634260 28005 | 1542:240 |
Location = 1.32
CD Seasons = 1.00
Location x Seasons = 2.64
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Fig. 9 : Mean seasonal temperature’C) of water collected from Dal Lake and River Jhelun




Table 3: Seasonal mean dissolved oxygen (mg/l)tbe water samples collected from different sites dbal Lake and River
Jhelum
Seasons
Location | Autumn  Winter (Mean|  Spring  Summer (Mear| Overall Mean C.D
(Mean = SD) + SD) (Mean * SD) + SD)
Dal Lake
Dalgate 4.18 +0.38 5.87 +1.27 5.35+0.73 4.1321. 4.89 +0.86 0.97
Saidakadal 4.21+1.55 5.57+1.10 4.84 +1.02 48> 4.73+0.63 N.S.
Hazratbal 4.20+1.22 5.67+0.88 5.28 £1.70 3.5591. 4.68 +0.97 1.24
Telbal 5.41 +1.38 6.73+1.13 6.78 +1.25 5.80%81.1 6.18 +0.68 N.S.
River Jhelum
ChattabalWeir 5.58+ 1.50 6.16 £ 0.79 6.28 +0.93 841928 5.75 +0.59 N.S.
Zerobridge 4.97+ 1.50 5.76+ 0.66 6.72 +1.44 5.4381 5.71 +0.74 N.S.
Khannabal 5.86+ 1.66 6.26 +1.13 8.16 +1.43 6.3421. 6.66 +1.02 N.S.
""" OverallMean | 4.92%072  601+040| 620:114 493100  5®GI& | |
Location = 0.57
CD Seasons = 0.43
Location x Seasons = N.S
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Fig. 10 : Mean seasonalidsolvedoxygen (mg/l) content of water collected from Dal Lke and River Jhelurr




Table 4 :

Seasonal mean pH of the water samples lemited from different sites of Dal Lake and River helum

Seasons
Location | Autumn  Winter (Mean|  Spring  Summer(Mear| Overall Mean CD
(Mean + SD) + SD) (Mean * SD) + SD)
Dal Lake
Dalgate 7.45 +£0.35 7.87 £0.39 7.60+0.26 8.3120.4 7.81+0.37 0.35
Saidakadal 7.93 £0.50 8.04 +0.48 8.16+0.36 8.14 +0.40 8.07+0.10 N.S.
Hazratbal 8.20 £ 0.61 8.23 +0.34 8.42 +0.43 8.4740 8.33+0.13 N.S.
Telbal 7.63+0.43 7.83 £0.25 7.65+0.44 7.86£0.35 7.74+0.12 N.S.
River Jhelum
ChattabalWeir 7.03+0.28 7.49 £0.40 7.67 £0.32 87%0.30 7.52+0.35 0.48
Zerobridge 7.20 £0.59 7.97 £0.43 8.10 +0.48 28531 7.78 £0.40 0.51
Khannabal 7.84 £0.52 7.94 £ 0.80 8.35+0.51 8.0430. 8.05+0.22 N.S.
""" Overall Mean | 7.61+041  7.91:022 |  7.99:0.34 8081024 704 | |
Location = 0.20
CD Seasons = 0.15
Location x Seasons = 0.41
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Fig. 11 : Mean seasonal pH of water collected froiDal Lake and River Jhelum




Table 5 :

Seasonal mean free carbon dioxide (mg#fjf the water samples collected from different siteef Dal Lake and River

Jhelum
Seasons
Location | Autumn  Winter (Mean|  Spring  Summer (Mear| Overall Mean C.D
(Mean * SD) + SD) (Mean * SD) + SD)
Dal Lake
Dalgate 3.94+ 0.72 3.38 +1.39 7.11+1.69 6.88+3.37 3351.94 1.97
Saidakadal 3.16+ 0.93 5.55+1.42 9.50+3.33 7.58@7. 6.44+2.71 4.03
Hazratbal 5.77 £1.20 6.43 +1.31 5.10 +3.84 3.5231 5.21+1.23 N.S.
Telbal 3.83+1.00 5.22+1.48 12.88+7.21 5.44 +2.69 6.84+4.09 3.81
River Jhelum
ChattabalWeir 3.08 +1.89 4.61 £2.52 7.33+1.41 &276 5.78+2.34 2.19
Zerobridge 3.27 £0.90 3.55 +1.57 4.84+ 1.00 628 493 +2.19 3.32
Khannabal 3.55+1.33 3.92+0.95 5.88+ 3.68 8843 5.45+2.24 3.40
""" OverallMean | 3.80 £0.92 467 +1.12 |  752+284 686177 52730 | |
Location = N.S
CD Seasons = 1.10
Location x Seasons = 2.91
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Fig. 12 : Mean seasonal free carbon dioxide (mg/lfontent of water collected from Dal Lake and River Jhelum



5.35+0.73 mg/l and 4.14+1.32 mg/l, respectively.efeh were a significant
variation (p<0.05) in dissolved oxygen concentradialuring different seasons
with the highest concentration during spring, fala by winter, autumn and
summer. At Hazratbal, the dissolved oxygen coneéiotis during autumn,
winter, spring and summer were 4.20+1.22 mg/l, 50688 mg/l, 5.28+1.70 mg/I

and 3.55+1.19 mg/l, respectively. A similar trenfl variability in dissolved

oxygen concentrations were observed at Hazratbahdb of Dalgate and was
highly significant (p<0.05). At Telbal, the disset¥ oxygen concentrations during
autumn, winter, spring and summer were 5.41+1.38|,n§73+1.13 mgl/l,

6.78£1.25 mg/l and 5.80+£1.15 mg/l. At Saidakaddle tdissolved oxygen
concentration during autumn, winter, spring and m@mwere 4.21+1.55 mg/I,
5.57£1.10 mg/l, 4.84+1.02 mg/l and 4.28+1.03 migg§pectively. At Zerobridge,
the dissolved oxygen concentrations during autwvinter, spring and summer
were 4.97+1.50 mg/l,5.76£0.66 mg/l, 6.72+1.44 mulla 5.41+1.38 mgl/l,

respectively(p>0.05). At Chattabal weir, the disedl oxygen concentrations
during autumn, winter, spring and summer were 515983 mg/l, 6.16+0.79 mg/I,

6.28+0.93 mg/l and 4.98+1.28 mg/l, respectively Q®%). At Khannabal, the
dissolved oxygen concentrations during autumn, evjrgpring and summer were
5.86£1.66 mg/l, 6.26£1.13 mg/l, 8.16£1.43 mg/l &87+1.42 mg/l, respectively
(p>0.05). The dissolved oxygen concentrations duantumn and summer were

significantly (p<0.05) lower than those in springdavinter season.
4.1.3 pH (Table 4, Fig 11)

The average pH (meanzsd) recorded at Dalgatelakadal, Hazratbal
and Telbal of Dal Lake were 7.81+0.37, 8.07+0.1(3380.13 and 7.74%0.12
respectively, while as at Chattabal weir, Zerokeidand Khannabal of River
Jhelum were 7.52+0.35, 7.78+0.40 and 8.05+0.Zheetively. At Dalgate, the
average pH value during autumn, winter, spring sundmer were 7.456 +0.350,
7.874+0.398, 7.604+0.264 and 8.313+0.423, respalgtivThe pH value was
highest during summer and lowest during autumn.atrétbal, the pH value were



with slight difference during summer (8.47+0.41prisg (8.42+0.43), winter
(8.231£0.34) and autumn season (8.20%£0.61). At Tdllb@ing autumn, winter,
spring and summer were 7.63+0.43, 7.83%£0.25, 7.@8H(Cand 7.86+0.35,
respectively (p>0.05). At Saidakadal the averagerpebrded during autumn,
winter, spring and summer were 7.93+0.50, 8.04+08486+0.36 and 8.14+0.40
respectively (p>0.05). At Chattabal weir, the pHueavas highest during summer
(7.87+0.30) followed by spring (7.67+0.32) and wintseason (7.49+0.40),
whereas it was significantly (P<0.05) lower durengumn season (7.03£0.28). At
Zerobridge the average pH recorded were 7.20+0®%+0.43, 8.10+0.48 and
7.85%£0.41 respectively (p<0.05). At Khannabal tiwerage pH recorded were
7.84+0.52, 7.94+0.80, 8.35+0.51 and 8.07+0.40 mtspdy (p>0.05). pH was
alkaline ranges from 7.5 to 8.4. The maximum pHieaecorded was 8.0 during
summer and minimum was 7.6 during autumn. Most mi-chemical and

chemical reactions are influenced by the pH.
4.1.4  Free carbon dioxide (Table5, Fig. 12)

The average free carbon dioxide concentrationsafes) recorded at
Dalgate, Saidakadal, Hazratbal and Telbal of DateLavere 5.33+1.94 mg/l,
6.44+2.71 mg/l, 5.21+1.23 mg/l, 6.84+4.09 mg/l, pestively while as at
Chattabal weir, Zerobridge and Khannabal of RivexlJdm were 5.78+2.34 mgl/l,
4.93+2.19 mgl/l, 5.45+2.24 mgl/l, respectively durttifferent seasons were non-
significant(p>0.05). The free carbon dioxide comgewere significantly (P<0.05)
lower during autumn followed by winter, summer aputing season in all the
locations. The average free carbon dioxide cona#gotrs of water samples
collected from different stations during autumnpnter, spring and summer were
3.80£0.92 mg/l, 4.67£1.12 mg/l,7.52+2.84 mg/l and86&1.775 mgll,
respectively, were significant (p<0.05). During wuah, winter, spring and
summer seasons the free carbon dioxide concemtsatexorded at Dalgate were
3.944+0.726 mg/l, 3.389+1.399 mg/l,7.11+1.69 mglla6.88+3.37 mg/l, at
Hazratbal 5.77+1.20 mg/l, 6.43+1.31 mg/l, 5.10+384/l and 3.55%£1.23 mg/I,



at Telbal 3.83+£1.00 mg/l, 5.22+1.48 mg/l, 12.847rg/l and 5.44+2.69 mg/l, at
Saidakadal 3.16+0.93 mg/l, 5.55+1.42 mg/l, 9.5883ng/land 7.55%£7.46 mg/I,
at Zerobridge 3.27+£0.90 mg/l, 3.55 +1.57 mg/l, £BO0 mg/l and 8.05 £6.28
mg/l, at Chattabal weir 3.08+1.83 mg/l, 4.61+2.53/In7.33+1.41 mg/l and
8.11+2.26 mg/l and at Khannabal were 3.55+1.331,n)92+0.95 mg/I,

5.88£3.68 mg/l and 8.44+5.43 mg/l, respectively.eTistudy sites vary
significantly in their free carbon dioxide concettbns seasonally except
Hazratbal station (p>0.05).The minimum free carb@yxide concentration was
3.80+£0.92 mg/l during autumn whereas the maximunmcentration was

7.52+2.84 mg/l during spring season.
4.2 Distribution of Schizothorax spp.

Out of 224Schizothoraxspp. recovered from different locations of Dal
Lake 76 were ofs.niger,77 of S. esocinugand 71 ofS. curvifronswhile out of
220 species recovered from River Jhelum 76 wer8.afiger,73 of S. esocinus
and 71 ofS. curvifrons.Out of 152S. nigerrecovered from both the locations
males andfemales were recovered in equal numberé each. Similarly, out of
150S. esocinug7 were males and 73 were females andstacurvifrons89 were

males and 53 were females.
4.2.1  Prevalence of helminth parasite ichizothorax spp.

A total of three helminth parasitic species weexowvered from
Schizothoraxspp. These include acanthocephalan parasttanphorhynchus
kashmirensis (27.47%) and two intestinal cestodesBothriocephalus
acheilognathj (30.63%) and cestodéAdenoscolex oreini(32.43%). The host
wise, season wise, gender wise prevalences ofdtesipes are given in Tables 6
to 14 and Figs. 13 to 30.



4.2.2  Prevalence oPomphorhynchus kashmirensis inDal Lake and River
Jhelum

4.2.2.1 Host-wise Prevalence (Table 6 and Fig. 13&)

Overall out of 444 fish specimens examined 1224(2%) were found to
harbour thdPomphorhynchus kashmirensBut of 224 specimens examined from
the Dal Lake only 47 specimens were found infecteth Pomphorhynchus
kashmirensig20.98%). Host-wise distribution of the parasiteswagnificantly
varied (p<0.01) asS. niger S. esocinusand S. curvifron§27.63, 18.18 and
16.90%), respectively. Out of 2&8xrhizothoraxspp. examined from River Jhelum
only 75 (34.07%) were infected witRomphorhynchus kashmirensighich
includeS. nigern(30.20%),S. esocinug30.13%) andb. curvifrong42.25%).

The mean intensity oPomphorhynchus kashmirensis S. niger, S.
esocinusand S. curvifrons ofDal Lake were 1.76, 2.0 and 1.75 having an
abundance 0.48, 0.36 and 0.29, respectively. Wheatemas 1.30, 2.09 and 1.63
in the respective fishes of Jhelum River which hadibundance of 0.39, 0.63 and
0.69 respectively. The overall mean intensitie®omphorhynchus kashmirensis
in Schizothoraxspp. of Dal Lake and River Jhelum was 2.04 an@ h&ing an

abundance of 0.42 and 0.56 respectively.
4.2.2.2 Seasonal prevalence (Table 7 and Fig. 151&

Seasonal prevalenceRifmphorhynchus kashmirensisowed a definite
trend. The infection was highest in summer and &ive winter. There was a
gradual increase in the prevalence rate from spongummer which fell down
with onset of autumn and later on was least obsledweing winter season. In Dal
Lake during summer the overall prevalenceRaimphorhynchus kashmirensis
infection was highest (29.6%) and the species-wisalences wer&. niger
(38.8%),S. esocinu$29.4%) ands. curvifrons(21.05%) while as during winter it
was least (8.47%) with species-wise distributiorbagsiger(10.5%),S. esocinus
(9.09%) andS. curvifrons(5.55%). Contrary to this in River Jhelum during

summer the prevalence was highest (51.02%) witltiepavise pattern aS.



niger(50%), S. esocinu$44.4%) ands. curvifrong(60%) and the least prevalence
(14.2%) was found during the winter season withcegsewise distribution aS.
niger(12%)S. esocinud2.5%) ands. curvifron§20%).

The mean intensities of the parasite during sumree 1.28, 2.6 and
1.50 inS. niger S. esocinuaindS. curvifronsyespectively with the abundance of
the parasites as 0.50, 0.76 and 0.31 for the régpdishes in Dal Lake. Whereas
during winter the mean intensities were 5.5, 180 2.0 with abundance of 0.57,
0.13 and 0.11 in the corresponding fishes. In RiWelum the mean intensities of
the parasite during summer were 0.87, 1.87 anth230 niger S. esocinuandsS.
curvifronsrespectively with the abundance of the parasités4& 0.83 and 1.20.
Whereas during winter the mean intensities werg, 53 and 3.6 with abundance
of 0.16, 0.68 and 0.73 in the corresponding fishes.
4.2.2.3 Gender wise prevalence d?omphorhynchus kashmirensis (Table 8

and Fig. 17 &18)

Gender-wise distribution of Pomphorhynchus kashmirensian
Schizothoraxspp. of Dal Lake revealed that the overall pravedeof the parasite
in males was 23.1% S( niger, 37.26;, S. esocinys 20.5% and S.
curvifrons13.46%) whereas it was 17.7% in femal&. (iger, 15.5%; S.
esocinus15.®6 andS. curvifrons26.3%). In River Jhelum the overall prevalence
in males was 35.8%S( niger,36.6%; S. esocinus?29.78% andS. curvifrons,
43.24%) while as in females it was 32.03% fiiger,25.58%S. esocinus25.58%
andsS. curvifrons}1.17%x6).

The overall mean intensities of the parasite inesiand females of
Schizothorax spp. were 1.8 and 2.3, with an abundance of 0@ @42,
respectively, in Dal Lake. In River Jhelum the @lemean intensities of the
parasite in males and females $thizothoraxspp. were 1.9 and 1.36 with an

abundance of 0.68 and 0.43, respectively.



Table 6: Overall prevalence ofPomphorhynchus kashmirensisin various host species

Dal Lake River Jhelum

Host _________________________ a, __________________________________ q._, ____'_____________________________________q:)________________'________________a; _______________

? S N - D > o © ? ° 2 - D > o ©

= se 84 o°% 5@ < = = se &4 ©°35 S0 < 2

ZE 29 €€ g8 g E g ZE 209 €& g8 25 E g

'-'>j = g 8 = '2 o L|>j s g 8 k= 2 o
S. niger 76 21 27.63 47 1.76 0.48 <0.01 76 23 30.2 30 1.30 0.39 <0.01
S. esocinus 77 14 18.18 28 2.0 0.36 <0.01 73 22 30.13 46 2.09 0.63 <0.01
S. curvifrons 71 12 16.9 21 1.75 0.29 <0.01 71 30 42.25 49 1.63 0.69 >0.05
Total 224 47 20.98 96 2.04 0.42 <0.01 220 75 34.09 125 1.66 0.56 <0
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Fig. 13 : Prevelance oPomphorhynchus kashmirensis in various host species of Dal Lake
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14: Prevelance oPomphorhynchus kashmirensisin various host species of River Jehlum




Table 7:

Infection dynamics ofPomphorhynchus kashmirensis recorded of Schizothorax spp.from Dal Lake and River Jehlum

Dal Lake River Jhelum
@ W @ o
Season | Host S g S g é - B é c £ % % S E S % E = © '% c 2 2 %
zE zg S8 gg g5 £ S |1 z§ zg §& g8 g5 B =
X g 2 g E 3 d h g B =8 E 2 a
Spring | S. niger 14 6 42.85 14 2.33 1 >0.05 15 4 26.6 12 3 0.8 >0
S. esocinus 19 3 15.78 3 1 0.05 <0.01 20 5 25 8 1.6 0.4 <0
S. curvifrons| 16 2 125 6 3 0.18  <0.01 19 9 47.3 6 0.6 031 >0
Summer | S. niger 18 7 38.8 9 1.28 0.5 >0.05 16 8 50 7 0.87 0.43 %Q.
S. esocinus 17 5 294 13 2.6 0.76 >0.05 18 8 44.4 15 1.87 0.83-0.05
S. curvifrons| 19 4 21.05 6 15 0.31  <0.05 15 9 60 18 2 1.2 >0.
Autumn | S. niger 25 6 24 13 2.16 0.52 <0.05 20 8 40 7 0.87 0.35 5.
S. esocinus 19 4 21.05 9 2.25 0.47 <0.0b 19 7 36.84 12 1.71 30.6>0.05
S. curvifrons 18 5 27.7 7 1.4 0.38 >0.05 22 9 40.9 14 1.55 0.63 0.05
Winter | S. niger 19 2 10.5 11 5.5 0.57 <0.01 25 3 12 4 1.33 0.16 0XxA.
S. esocinus 22 2 9.09 3 1.5 0.13 <0.01 16 2 125 11 55 0.68 .0k(
S. curvifrons 18 1 5.55 2 2 0.11 <0.01 15 3 20 11 3.6 0.73 <0\
Total 224 47 20.98 96 2.04 0.42 <0.01 220 75 34.09125 1.66 0.56 <0.01
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Fig. 15 : Seasonal prevelance #fomphorhynchus kashmirensis of Schizothorax sp from Dal Lake
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Table 8: Genderwise infection dynamics dPomphorhynchus kashmirensis recorded of Schizothorax spp. from Dal Lake and
River Jehlum

Dal Lake River Jhelum
Season Host S 5 9 .8 > 8 © k5 5 £ “ B > S v
o'E o% 2’5‘ °G %'a -g C_3t5 oE o% 2’6\ ° G %.‘7’ -g c_:ts
2§ 2g ££ dg g5 £ % | 2§ 2Zg %€ gg £g E %
ﬁ = g 8 = '3: o u>j S g g c .2: o
S. niger Male 43 16 37.2 28 1.75 0.65 33 12 36.36 22 1.83 0.66
<0.05 <0.05
Female 33 5 15.5 19 3.8 0.57 43 11 25.58 8 0.72 80.1
S. esocinus | Male 39 8 20.5 15 1.8 0.38 47 14 29.78 26 1.8 0.55
>0.05 >0.05
Female 38 6 15.7 13 2.16 0.34 26 8 30.76 20 25 76 0.
S. curvifrons| Male 52 7 13.46 15 2.14 0.28 37 16 43.24 32 2 0.86
>0.05 >0.05
Female 19 5 26.3 6 1.2 0.31 34 14 41.17 17 1.2 0.5
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Fig. 17 : Genderwise prevelance oPomphorhynchus kashmirensis in Schizothorax spp. from Dal Lake
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4.2.3 Prevalence oBothriocephalus acheilognathi in Dal Lake and River
Jhelum

4.2.3.1 Host-wise prevalence (Table 9 and Fig. 128)

Out of 444 fish specimens &chizothoraxspecies 136 (30.63%) were
found to harbor thdBothriocephalus acheilognatiparasite. Out of 224 fishes
examined from the Dal Lake only 63 (28.14%) werenfd infected with
Bothriocephalus acheilognathost-wise distribution of the parasite was highly
significant (p<0.01) which showesl niger(28.94%),S. esocinu§31.16%) and.
curvifrons (23.94%) Out of 220 Schizothoraxspp. from River Jhelum 73
(33.18%) were infected with tH&othriocephalus acheilognativhich includesS.
niger (34.21%),S. esocinug34.24%) ands. curvifrong30.98%).

The mean intensity oBothriocephalus acheilognathin S. niger S.
esocinusandS. curvifronsof Dal Lake was 6.9, 5.7 and 4.7 with an abundarice
2.0, 1.8 and 1.1, respectively. Whereas in respeéshes of river Jhelum it were
7.7, 5.7 and 7 having abundance of 2.6, 1.9 andr2spectively. The overall
mean intensities oBothriocephalus acheilognathn Schizothoraxspp. of Dal
Lake and River Jhelum were 5.9 and 6.8 with an dance of 1.6 and 2.2

respectively.
4.2.3.2 Seasonal Prevalence (Table 10 and Fig. 2182

Bothriocephalus acheilognattshowed a definite trend in the seasonal
prevalence with highest infection in summer anddsinvn winter. There was a
gradual increase in the prevalence rate from spongummer which fell down
with onset of autumn and least observed prevalerase observed during winter
season. In Dal Lake during summer the overall peexa of Bothriocephalus
acheilognathiinfection was highest (31.4%) and the species-wisvalences
were S. niger(33.3%),S. esocinug41.1%) andS. curvifrons(21.0%) while as
during winter it was least (18.6%) with speciesevdistribution asS. niger
(21.05%),S. esocinug22.7%) andS. curvifrons(11.11%). Contrary to this in

River Jhelum during summer the prevalence was big{#6.9%) with species-



wise pattern a$. niger(56.25%),S. esocinu$44.44%) ands. curvifrong40.0%)

and the least prevalence (17.85%) was found dutlreg winter season with
species-wise distribution aS$. niger (16.0%), S. esocinus(18.7%) andS.

curvifrons(20.0%).

The mean intensities of the parasite in Dal Lakend) summer were 6.3,
1.2 and 3 inS. niger S. esocinusand S. curvifrons,respectively, with the
abundance of the parasites as 2.1, 0.5 and0.Ghéorespective fishes. Whereas
during winter the mean intensities were 7.2, 7.8 4rb with abundance of 1.5,
1.7 and 0.5 in the corresponding fishes. In Rivexlum the mean intensities of
the parasite during summer were 9.1, 4.5 and 4%. iniger S. esocinugindS.
curvifrons respectively with the abundance of the parasite$.4s2 and 1.8.
Whereas during winter the overall mean intensitiese 2.2, 4.0 and 6.0 with

abundance of 0.3, 0.7 and 1.2 in the corresporfaihgs.

4.2.3.3 Gender-wise prevalence dBothriocephalus acheilognathi (Tablell
and Fig. 23&24)

Gender-wise  distribution  of Bothriocephalus  acheilognathi
Schizothoraxspp. of Dal Lake revealed that the overall pravedeof the parasite
in males was 31.34%S( niger30.23%, S. esocinugt1.0% andS. curvifrons
25.0%) whereas it was 23.3% in femal8s itiger27.27%,S. esocinual.0% and
S. curvifrons21.05%). In River Jhelum the overall prevalencemales was
41.02% 6. niger51.5%,S. esocinug0.4% andS. curvifrons32.4%) while as in
females it was 24.29%S( niger29.9%, S. esocinuf3.07% andS. curvifrons
29.4%).

The overall mean intensities of the parasite inesiand females of
Schizothoraxspp. were 5.9 and 5.7, with an abundance of ld8lahrespectively
in Dal Lake. In river Jhelum the overall mean irsities of the parasite in males
and females o&chizothoraxspp. were 6.7 and 7.12 with an abundance of 217 an
1.7, respectively.



Table 9: Overall prevalence oBothriocephalus acheilognathiin various host species

Dal Lake River Jhelum

rlost 3 ¢ 8 g _x & 3 & 8 .3 _» &

S g 2 2 %% g2 3 3 S g 2 2 9% @ g 3
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g s o zg g 3 o 2 s o Zg =g 3 d

w Z a - < w Z a = <

S. niger 76 22 28.94 153 6.9 201 <0.0176 26 34.21 202 7.7 265 <0.01
S. esocinus 77 24 31.16 139 5.7 1.80 <0.0573 25 34.24 144 5.7 1.97 <0.05
S. curvifrons| 71 17 23.94 80 4.7 1.12 <0.0171 22 30.98 155 7 2.18 <0.01
Total 224 63 28.12 372 5.9 1.66 <0.01220 73 33.18 501 6.8 227 <0.01
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Fig. 19 : Prevelance oBothriocephalusacheilognathiin various host species of Dal Lake
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Table 10: Infection dynamics ofBothriocephalus acheilognathirecorded of Schizothorax spp.from Dal Lake and River
Jehlum
Dal Lake River Jhelum
""""""" = S o s e
Season | Host S E :;3; s = S é S ‘% E % S E § E = S .% s ‘% E %
=g £ € g£ g E ;2§ £ 2E£ gg g3 E
i g & = = 2 0" i g & = 5 2 "
Spring | S. niger 14 9 64.28 80 8.8 5.71 >0.05 15 8 53.33 56 7 3.7% 0.05
S.esocinus | 19 7 36.84 56 8 294 >0.06 20 7 35 48 6.8 24 050.
S. curvifrons| 16 7 43.75 42 262 >0.05 19 5 26.31 35 7 1.84 0.05
Summer | S. niger 18 6 33.33 38 6.3 211 > 0.05 16 9 56.25 82 9.1 25.1>0.05
S.esocinus | 17 7 41.17 9 1.2 052 >0.05 18 8 44.44 36 4.5 2 0.0%
S. curvifrons| 19 4 21.05 12 3 0.63 <0.06 15 6 40 28 4.6 1.86 .05 (
Autumn | S. niger 25 3 12 6 2 0.24 <0.01 20 5 25 55 11 2.75 <0
S. esocinus 19 5 26.31 35 7 1.84 > 0.0p 19 7 36.84 48 6.8 2.52 0.05
S. curvifrons 18 4 22.22 17 4.2 0.94 <0.0b 22 8 36.36 74 9.2 3.36 0.05
Winter | S. niger 19 4 21.05 29 7.2 152 <0.05 25 4 16 9 2.2 0.36 0.0¢
S. esocinus | 22 5 22.72 39 7.8 1.77 <0.05 16 3 18.75 12 4 0.75 0.05
S. curvifrons| 18 2 11.11 9 4.5 0.5 <0.0p 15 3 20 18 6 1.2 <(
Total 224 63 28.12 372 5.9 1.66 <0.01 220 73 83.1 501 6.8 2.27 <0.01

05

.05
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Table 11: Gender-wise infection dynamics dBothriocephalus acheilognathi recorded of Schizothorax spp. from Dal Lake
and River Jehlum

Dal Lake River Jhelum
""""""" b= T S S s = T T S
Season Host 3 Q o _ 9 > O o 3 Q 3! 2 > o ®
£ D s . ox S 5 = £ o] L . ox S @ S =
2E E ©T8& g8 o5 B S |2E E ©& g8 o5 B g
X S o zg =g 3 a g S o zg =g 3 a
w P a = - < w P a = - <
S. niger Male 43 13 30.23 87 6.6 2.3 33 17 51.51 123 7.2 3.72
> 0.05 <0.01
Female 33 9 27.27 66 7.3 1.9 43 9 20.93 79 8.7 1.83
S. esocinus | Male 39 16 41.02 97 6 2.1 47 19 40.42 92 4.8 1.95
> 0.05 > 0.05
Female 38 8 21.05 42 5.2 1.9 26 6 23.07 52 8.6 2
S. curvifrons| Male 52 13 25 67 5.1 2 37 12 32.43 108 9 2.91
> 0.05 > 0.05
Female 19 4 21.05 13 3.2 0.4 34 10 29.41 47 47 38 1.
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Fig. 23: Genderwise prevelance dBothriocephalus acheilognathi of Schizothorax spp. from Dal Lake
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424 Prevalence ofAdenoscolex oreini in Dal Lake and River Jhelum
4.2.4.1 Host-wise prevalence (Table 12 and Fig.&%5)

Examination of 444 fish specimens revealed 1444@®2) were found to
be infected with thédenoscolex oreifut of 224 specimens examined from the
Dal Lake 71 (31.69%) specimens were found infecteith Adenoscolex
Oreini.Host-wise distribution of the parasite was sigaifity varied (p<0.01)
which showedS. niger (31.57%), S. esocinus(28.57%) andS. curvifrons
(35.21%). Out of 220 @hizothorax spp. examined from River Jhelum 73
(33.18%) were infected withAdenoscolex oreimihich included S. niger
(28.94%),S. esocinug§32.87%) ands. curvifron38.02%).

The mean intensity oAdenoscolex oreim S. niger, S. esocinwsd S.
curvifronsin Dal Lake were 3.9, 6.5 and 5.2 having an abucelaf 1.25, 1.88
and 1.84, respectively. Where as it was 8.18, @%B6.77 in the respective fishes
of River Jhelum which had an abundance of 2.3@ a8t 2.57 respectively. The
overall mean intensities dkdenoscolex oreim Schizothoraxspp. of Dal Lake
and River Jhelum were 5.22 and 7.46 having an amoed of 1.65 and 2.4

respectively.
4.2.4.2 Seasonal prevalence (Table 13 and Fig. 2Z&)

Seasonal estimation @didenoscolex oreininfection revealed definite
variation in the prevalence of infection 8cthizothoraxspp with highest rate of
infection in summer and lowest in winter. There veagradual increase in the
prevalence rate from spring to summer and decreasthdthe onset of autumn
and least observed prevalence was observed duiimgrwseason. In Dal Lake
during summer the overall prevalenceAafenoscolex oreimifection was highest
(48.14%) and the species-wise distribution w8reniger (50.0%), S. esocinus
(47.05%) andsS. curvifrons(47.3%) while as during winter it was least (1345
with species-wise distribution & niger(15.78%),S. esocinug18.18%) ands.

curvifrons (11.11%). Contrary to this in River Jhelum durisgmmer the



prevalence was 44.89% with species-wise distributiasS. niger (37.5%), S.
esocinug38.8%) andS. curvifrong60.0%) and the least prevalence (19.6%) was
found during the winter season with&snige(16.0%),S. esocinyd8.7%) ands.
curvifrong26.6%).

The mean intensities of the parasite during sumree 4.6, 11.5 and
6.2 InS. niger S. esocinugandS. curvifronsrespectively with the abundance of
the parasites as 2.3, 5.4 and 2.9 for the resmetishes in Dal Lake. Whereas
during winter the mean intensities were 2, 3 awith abundance of 0.3, 0.5and
0.4 in the corresponding fishes. In river Jhelumriean intensities of the parasite
during summer were 13.3, 6.0 and 4.3Sinniger S. esocinugndS. curvifrons
respectively with the abundance of the parasite§, a3 and2.6, respectively.
Whereas during winter the mean intensities wereé &nd 7.2 with abundance of
0.4, 1.3 and 1.9 in the corresponding fishes.
4.2.4.3 Gender-wise prevalence ofdenoscolex oreini(Tablel4 and Fig.

29&30)

Gender-wise distribution oAdenoscolex oreim Schizothoraxspp. of
Dal Lake revealed that the overall prevalence efggarasite in males was 32.83%
(S. niger37.2%, S. esocinu83.33% andS. curvifrons28.84%) whereas it was
30% in females§. niger24.24%,S. esocinu23.68% ands. curvifronss2.63%).
In River Jhelum the overall prevalence in males 8&35% §. niger42.42%,S.
esocinu86.17% andS. curvifrons32.4%) while as in females it was 23.3%
(S.nigel8.6%,S. esocinug6.92%ands. curvifron26.4%).

The overall mean intensities of the parasite inesiand females of
Schizothoraxspp. were 5.7 and 4.3, with an abundance of ld8lahrespectively
in Dal Lake. In river Jhelum the overall mean irsities of the parasite in males
and females of &izothoraxspp. were 8.0 and 8.2 with an abundance of 2.9 and

1.5, respectively.



Table 12: Overallprevalence ofAdenoscolex oreiniin various host species

Dal Lake River Jhelum
[ [0 1) A o S o S o T
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S. niger 76 24 31.57 95 3.95 1.25 <0.0176 22 28.94 180 8.18 2.36 <0.01
S. esocinus 77 22 28.57 145 6.59 1.88 <0.p173 24 32.87 182 7.58 249 <0.01
S. curvifrons 71 25 35.21 131 5.24 1.84 <0.0p571 27 38.02 183 6.77 257 >0.05
Total 224 71 31.69 371 5.22 1.65 <0.01220 73 33.18 545 7.46 247 <0.01
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Fig. 25 : Prevelance oAdenoscolex oreini in various host species of Dal Lake
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Table 13: Infection dynamics ofAdenoscolex oreini recorded of Schizothorax spp.from Dal Lake and River Jehlum
Dal Lake River Jhelum
he} [} o @
Season Host E % E . © .§ = % % E . E % E . © § = ‘E % E
) g S a £ 3 a i S & o £ 3 o
Spring | S. niger 14 6 42.85 29 4.8 2.07 >0.05 15 5 33.33 36 7.2 2.4>0.05
S. esocinus 19 5 26.31 14 2.8 0.73 > 0.05 20 8 40 54 6.7 2.7 0.08
S. curvifrons| 16 7 43.75 38 5.4 237  >0.05 19 7 36.84 35 5 1.84 0.05
Summer | S. niger 18 9 50 42 4.6 233  >0.06 16 6 375 80 13.3 5 050.
S.esocinus | 17 8 47.05 92 11.5 541 >0.05 18 7 38.88 42 6 2.3%0.05
S. curvifrons 19 9 47.36 56 6.2 2.94 > 0.05 15 9 60 39 4.3 2.6 0.08
Autumn | S. niger 25 6 24 18 3 0.72 <0.05 20 7 35 52 7.4 2.6 > Q.
S. esocinus | 19 5 26.31 27 5.4 1.42 >0.05 19 6 31.57 65 10.8 42 3. >0.05
S. curvifrons| 18 7 38.88 29 4.1 1.61 >0.05 22 7 31.81 80 11.4 633. >0.05
Winter S. niger 19 3 15.78 6 2 0.31 <0.0L 25 4 16 12 3 0.48 <d
S. esocinus 22 4 18.18 12 3 0.54 <0.0n 16 3 18.75 21 7 1.31 0.08
S. curvifrons| 18 2 11.11 8 4 0.44 <o0.01 15 4 26.66 29 7.2 1.93 0.05
Total 224 71 31.69 371 5.2 1.65 <0.01 220 73 83.1 545 7.4 247 <0.01

05

.01
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Table 14: Gender-wise infection dynamics ofdenoscolex oreinirecorded of Schizothorax spp. from Dal Lake and Rigr

Jehlum
Dal Lake River Jhelum
""""""" b= T S S s = T T S
Season Host 3 Q o _ 9 > O o 3 Q 3! 2 > o ®
£ 3 o ° = S @ = £ 3 O ° = Sa S =)
2E E ©T8& g8 o5 B S |2E E ©& g8 o5 B g
X S o zg =g 3 a g S o zg =g 3 a
L z o = - < W z o = - <
S. niger Male 43 16 37.20 63 3.9 1.46 33 14 42.42 101 7.2 3.06
< 0.05
Female 33 8 24.24 32 4 0.96 > 0.05 43 8 18.60 79 9.8 1.83
S. esocinus | Male 39 13 33.33 97 7.4 2.48 47 17 36.17 120 7 2.55
> 0.05
Female 38 9 23.68 48 5.3 1.26 > 0.05 26 7 26.92 62 8.8 38 2.
S. curvifrons| Male 52 15 28.84 94 6.2 1.80 37 12 32.43 125 10.4 3.37
> 0.05
Female 19 10 52.63 37 3.7 1.94 > 0.05 34 9 26.47 58 6.4 .70 1
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Fig. 29 : Genderwise prevelance ohdenoscolex oreini recorded of Schizothorax spp. from Dal Lake
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4.2.5 Influence of sex and condition factor on thievel of infection (Fig. 31
to 37)

Insignificant relationship existed between geraled helminth infection.
Condition factors was found to be lower in infectisth than in uninfected fish in

both water bodies.

Analysis of the condition factor of uninfected anfected $hizothorax
spp. of Dal Lake and River Jhelum revealed sigaiftadifferences (p<0.05) with
higher in River Jhelum. The condition factors farieusSchizothoraxspp. in the
two water bodies by Mann-Whitney test revealed i§em(U=13, p<0.01)S.
esocinugU=45, p>0.05) and fo$. curvifrongU=34, p>0.05) of Dal lake While
as in River Jhelum it was$. niger(U=3, p<0.01)S. esocinugU=3, p<0.01) and
for S. curvifronqU=16, p<0.05).

4.2.6 Correlation between prevalence and water qu& in two water

bodies (Table 15)

Temperature was the most important abiotic fatchat affected the
parasites at all life cycle stages. A positive elation (P < 0.01) existed between

water temperature and parasitic prevalence in Rkeland River Jhelum.

Prevalence oP. kashmirensisand A. oreini in the fishes of Dal Lake
presented a significant negative correlation (P.&l0 with dissolved oxygen
whereas it showed insignificant negative correfa(ie>0.05) in all other cases of

patterns of infection under various locations.

pH showed insignificant positive correlation (P3%). with all parasitic
infections. Prevalence of infections showed indigant positive correlation
(P>0.05) with Carbon dioxide except fBr kashmirensief River Jhelum and.
acheilognathiof Dal Lake and River Jhelum which showed sigaific positive
correlation (P<0.05).



Table-15:

Correlation between environmental variabés and prevalence oPomphorhynchus Kashmirensis,Adenoscolex

oreini and Bothriocephalus acheilognathi

Prevalence ofPomphorynchus kashmirensis

Prevalence ofAdenoscolex oreini

Prevalence oBothriocephalus acheilognathi

Environmental Dal Lake River Jhelum Dal Lake River Jhelum Dal Lake River Jhelum
viariables
Pearson’'scoe  Spearman’s Pearson’s Spearman’s Pearson’s Spearman’s Pearson’s Spearman’s Pearson’s Spearman’s Pearson’s Spearman’s
f. rho coef. rho coef. rho coef. rho coef. rho coef. rho

Temperature 887" 853" 907" 907" 802" .699 810" 592 727 664 927" 729
Oxygen -.847 .-.825 -.451 -.350 -.755 -.643 -.105 -.084 -.297 -.280 .017 .056
pH 420 587 -.227 -.266 487 601 -111 -.182 231 231 .182 .364
Carbon dioxide .682 .021 628 522 -.007 -.035 529 322 598 629 579 581

*Correlation is significant at the 0.05 level (2i¢al)

**Correlation is significant at the 0.01 level (@ied)
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4.3 Metal concentration in water (Tables 16 to 22)

Results of the analysis of the heavy metals (Gu,Gb, Ni, Mn, Cr, Al,
Fe, Ca, Cd, Pb and Hg) in water samples, paraaitdstissues oSchizothorax
niger and their correlations are presented in the Tablée water samples
analyzed, during different seasons, were from sel#erent locations of the two
water bodies, viz, Dalgate, Saidakadal, Hazratbal &elbal of Dal Lake, and
Zerobridge, Chattabal weir and Khannabal of Rirexlum.

We performed repeated measure test, ANOVA teclenapd post hoc
test for seasonal comparison. MeanzSD of heavy Incetecentrations in waters
at the seven sites were tabulated in Table 2 tcheZ.Tanking of mean
concentrations of the twelve metals at differetgéssof Dal Lake was as Dalgate
site Fe > Ca > Mn > Al > Zn > Cd > Cu > Ni > CcC¥; Saidakadal site as Fe >
Mn > Ca > Al > Zn > Cd > Ni > Co > Cr > Cu; Hazrallsite as Al > Fe > Ca >
Mn > Zn > Cd > Ni > Co > Cr > Cu; Telbal site as*él > Ca > Mn > Cu > Ni
> Co > Zn > Cd > Cr. In River Jhelum the rankinghaétals at different sites was
Zerobridge, site as Ca > Fe > Al > Mn > Zn > Ni & €£Co > Cd > Cr; Chattabal
weir site as Fe > Mn > Ca > Al > Co > Zn > Cd >NCu > Cr and Khannabal
site as Fe > Ca > Al > Mn > Zn > Co > Cd > Cu >>CNi. Applying one way
ANOVA, showed highly significant difference (p<0)0between the seven

investigated sites for all heavy metals concertnati
4.3.1 Copper (Cu)

The concentrations of copper in water samples fdifierent stations
varied significantly (p<0.05) seasonally. Overdiietaverage concentrations
(MeantSD) at Dalgate, Saidakadal, Hazratbal andalebf Dal Lake were
0.20+0.12 mg/l, 0.21+0.34 mg/l, 0.04+0.01 mg/l &65+0.80 mg/l, respectively.
At Zerobridge, Chattabal weir andKhannabal of Ridrelum these were
0.32+0.38 mg/l, 0.15+0.21 mg/l and 0.74+1.14 mgdspectively. Significant

(p<0.05) variation existed during different seasandifferent locations.



Table 16: Descriptive statistics obtained by ANOVAo compare concentration (mg/l) of the selected heg metals of the
water samples collected along Dalgate of Dal Lakeasonally
Seasons
Location | Autumn | Winter (Mean  Spring | Summer(Mear| Overall Mean C.D
(Mean + SD) + SD) (Mean + SD) + SD)

Copper (Cu) 0.04# 0.015| 0.156+0.022 0.288+ 0.049 | 0.331+0.036 0.20+0.12 0.100
Zinc (Zn) 0.768+ 0.056 | 0.039+ 0.007 0.325+ 0.033| 1.437+ 0.194 0.64 + 0.60 0.309
Cobalt (Co) 0.537+0.037 | 0.160+0.051 0.003+ 0.002 | 0.003+ 0.002 0.17+0.25 0.095
Nickel (Ni) 0.483+ 0.056| 0.316+ 0.016 0.003+0.002 | 0.003+ 0.002 0.20 +0.23 0.089
Manganese (Mn) 1.45% 0.083 | 1.581+ 0.085 5.705+0.327 | 5.50& 0.521 3.56 + 2.36 0.946
Chromium (Cr) 0.268+0.049 | 0.363+0.157 0.003+0.002 | 0.001+ 0.001 0.15+0.18 0.249
Aluminum (Al) 1676 +0.049 | 2.426+ 0.156 1.413+ 0.101| 1.481+ 0.085 1.74 +0.46 0.317
Iron (Fe) 6.501+ 0.205| 12.31%1.026 12.5360.626 11.978+0.534 10.8 +2.89 2.013
Calcium (Ca) 1.855+0.040 | 4.097+0.213 5.584+ 0.401 | 4.192+0.435 3.93+1.54 0.953
Cadmium (Cd) 0.613 0.054 | 0.050+0.013 0.089+ 0.009 | 0.342+0.032 0.27 +0.26 0.098
Lead (Pb) BDL BDL BDL BDL BDL -
Mercury (Hg) BDL BDL BDL BDL BDL -

CD-=Critical difference; BDL=below detection limi.S= Non significant.




Table 17: Descriptive statistics obtained by ANOVAo compare concentration (mg/l) of the selected heg metals of the
water samples collected along Saidakadal of Dal Lakseasonally
Seasons
Location Autumn (Mean Winter (Mean Spring Summer (Mean| Overall Mean C.D
+ SD) + SD) (Mean + SD) + SD)

Copper (Cu) 0.05% 0.013 0.025+ 0.021 | 0.051* 0.010 0.730+ 0.049 0.21+0.34 0.084
zinc (Zn) 0.697+ 0.012 0.396+0.034 | 0.482+0.033 1.016- 0.031 0.64+0.27 0.088
Cobalt (Co) 0.549+0.038 0.378+ 0.025| 0.023+ 0.011 0.014+ 0.008 0.24+0.26 0.072
Nickel (Ni) 0.424+ 0.074 0.053+ 0.014| 0.013+ 0.008 0.004+ 0.001 0.12+0.20 0.114
Manganese (Mn) 1.42% 0.075 4.379+ 0.235| 8.245+ 0.194 2.857+ 0.160 4.22+2.93 0.532
Chromium (Cr) 0.099+ 0.030 0.291+ 0.058 | 0.011+ 0.006 0.005+ 0.002 0.10+0.13 0.099
Aluminum (Al) 3.434+ 0.061 1.769+ 0.064 | 1.442+0.036 2.639+ 0.087 2.32+0.89 0.195
Iron (Fe) 6.698+ 0.054 8.560+0.544 | 8.94% 0.256 13.6820.369 9.47+2.97 1.070
Calcium (Ca) 1.365% 0.038 4.804+ 0.239 | 4.705+ 0.119 3.78% 0.088 3.66+1.60 0.429
Cadmium (Cd) 0.588+ 0.031 0.475+ 0.054 | 0.077+ 0.010 0.063+0.009 0.30+0.27 0.097
Lead (Pb) BDL BDL BDL BDL -
Mercury (Hg) BDL BDL BDL BDL -

CD-=Critical difference; BDL=below detection limi|.S= Non significant.




Table 18: Descriptive statistics obtained by ANOVAo compare concentration(mg/l) of the selected hegvnetals of the

water samples collected along Hazratbal basin of Daake seasonally

Seasons
Location | Aytumn (Mean Winter (Mean | Spring(Mean + Summer (Mean| Overall Mean C.D
+ SD) + SD) SD) + SD)

Copper (Cu) 0.022 0.012 0.04& 0.020| 0.038+ 0.006 0.06% 0.010 0.04+0.01 N.S.
Zinc (Zn) 0.556+ 0.078 1.536+ 0.186 | 0.062+ 0.011 0.011+ 0.006 0.54+0.70 0.305
Cobalt (Co) 0.555+0.054 0.482+0.0/7/0 | 0.00& 0.002 0.004+ 0.001 0.26+0.29 0.133
Nickel (Ni) 0.325 £0.052 0.759+ 0.061 | 0.183%F 0.047 0.024+ 0.015 0.32+0.31 0.142
Manganese (Mn) 1.433 0.065 6.492 0.673 4,719+ 0.118 0.011+ 0.007 3.16+2.96 1.037
Chromium (Cr) 0.254+0.089  0.005+ 0.002 | 0.002+ 0.001 0.004+ 0.001 0.06+0.12 0.135
Aluminum (Al) 2.533+ 0.127 2.006 + 0.256 6.85% 0.350 13.2121.181 6.15+5.18 1.912
Iron (Fe) 5.061+ 0471 2.373+0.110 4.031+ 0.293 5.665+ 0.287 4.28+1.44 0.959
Calcium (Ca) 1.96% 0.228 5.094+ 0.486 5.24% 0.326 4.155+ 0.342 4.11+1.51 1.081
Cadmium (Cd) 0.717+£0.096  0.058+ 0.011 | 0.378+0.058 0.568+ 0.079 0.43+0.28 0.207
Lead (Pb) BDL BDL BDL BDL -
Mercury (Hg) BDL BDL BDL BDL -

CD-=Critical difference; BDL=below detection limi.S= Non significant.




Table 19:

Descriptive statistics obtained by ANOVAo compare concentration(mg/l) of the selected hegvnetals of the
water samples collected along Telbal of Dal Lake asonally

Seasons
Location | Aytumn (Mean Winter (Mean | Spring(Mean + Summer (Mean| Overall Mean C.D
+ SD) + SD) SD) + SD)
Copper (Cu) 0.036- 0.009 0.29% 0.067 | 0.439+0.077 1.831+0.234 0.65+0.80 0.386
zinc (Zn) 0.517# 0.023 0.288+ 0.078 0.27% 0.054 0.004+ 0.002 0.27+0.20 0.148
Cobalt (Co) 0.494+ 0.052 0.266- 0.048 0.379+ 0.108 0.009+ 0.003 0.28+0.20 0.196
Nickel (Ni) 0.683 + 0.092 0.406- 0.018 0.98'A 0.080 0.012+ 0.009 0.52+0.41 0.187
Manganese (Mn) 1.65#0.304 2.21% 0.197 5.33A& 1.370 0.003% 0.001 2.30+2.23 2.142
Chromium (Cr) 0.0740.011 0.003+0.001 | 0.002 0.002  0.745% 0.057 0.20+0.36 0.088
Aluminum (Al) 0.488+ 0.060  2.675+0.239 | 6.054+0.338  4.96% 0.502 3.54+2.47 0.988
Iron (Fe) 7.764- 0.262 4.869+ 0.338 | 12.824#1.062 32.1786.441 14.4+12.29 9.892
Calcium (Ca) 1.89@ 0.126 3.427+ 0.236 | 4.781+ 0.159 3.868+ 0.219 3.49+1.20 0.575
Cadmium (Cd) 0.441% 0.032 0.224+ 0.033| 0.064& 0.009 0.297+ 0.018 0.25%+0.15 0.076
Lead (Pb) BDL BDL BDL BDL -
Mercury (Hg) BDL BDL BDL BDL -

CD-=Critical difference; BDL=below detection limi.S= Non significant.




Table 20:

water samples collected along Zerobridge of Riverhklumseasonally

Descriptive statistics obtained by ANOVAo compare concentration (mg/l) of the selected heg metals of the

Seasons
Location | Aytumn (Mean Winter (Mean | Spring(Mean + Summer (Mean| Overall Mean C.D
+ SD) + SD) SD) + SD)

Copper (Cu) 0.005 + 0.002 0.003 + 0.0p1 0.539.165 0.766 + 0.077 0.32+0.38 0.276
zinc (Zn) 0.422+ 0.040 0.627 = 0.056 0.07709811 1.760 = 0.345 0.72+0.72 0.532
Cobalt (Co) 0.656 + 0.065 0.363 + 0.041 0.65®.005 0.003 *= 0.001 0.27+0.30 0.116
Nickel (Ni) 0.537 £ 0.040 0.748 £ 0.037 1.27408144  0.003 * 0.007 0.64+0.52 0.233
Manganese (Mn) 1446+ 0.280 4.898 + 0.340 ®¥10.013 2.515 *= 0.105 2.21+2.05 0.685
Chromium (Cr) 0.244+ 0.059 0.009 + 0.005 0.81BO08  0.014 +0.007 0.07+0.11 0.091
Aluminum (Al) 2519+ 0.293 0.005 *=0.002 5.1810.448 3.719 +0.263 2.84+2.17 0.902
Iron (Fe) 9.080 + 0.429 2.564 +0.187 1.700 18.2 1.459 +0.249 3.70+3.61 0.867
Calcium (Ca) 8.206 +0.583 8.013 +0.507 6.346 #8.2  1.659 +0.255 6.05+3.04 1.298
Cadmium (Cd) 0.406 +0.056 0.068 +0.013 0.0230@8. 0.512 +0.050 0.25+0.24 0.115
Lead (Pb) BDL BDL BDL BDL -
Mercury (Hg) BDL BDL BDL BDL -

CD-=Critical difference; BDL=below detection limi.S= Non significant.




Table 21:

water samples collected along Chattabal weir of Rar Jhelumseasonally

Descriptive statistics obtained by ANOVAo compare concentration (mg/l) of the selected heg metals of the

Seasons
Location | Aytumn (Mean Winter (Mean | Spring(Mean + Summer (Mean| Overall Mean C.D
+ SD) + SD) SD) + SD)
Copper (Cu) 0.094+ 0.063 0.003+0.002 0.05®9810 0.468 + 0.066 0.15+0.21 0.139
zinc (Zn) 0.511+ 0.044 0.438 = 0.057 0.0710613 0.789 + 0.104 0.45+0.29 0.193
Cobalt (Co) 0.654 + 0.042 1.880 + 0.139 0.002.601 0.003 + 0.001 0.63+0.88 0.220
Nickel (Ni) 0.428 + 0.041 0.429 = 0.038 0.0190#607 0.006 + 0.003 0.22+0.24 0.085
Manganese (Mn) 1.980 +0.377 9.480 +0.486 5650.186 2.034 + 0.256 4.78+3.57 1.046
Chromium (Cr) 0.231 + 0.028 0.002 + 0.001 0.009.004 0.018 +0.007 0.06+0.11 0.045
Aluminum (Al) 3.973+ 0444 2.096 + 0.317 1.829.284 4.718 +0.404 3.15+1.41 1.113
Iron (Fe) 2581 £ 0.090 2.867 + 0.195 11.4839GY75 7.923 + 2.495 6.20+4.27 3.921
Calcium (Ca) 2488 + 0.083 5.336 *+0.412 4.18D.226 3.608 = 0.407 3.90+1.18 0.949
Cadmium (Cd) 0.603 = 0.022 0.347 *=0.082 0.822.036 0.341+ 0.024 0.40+0.13 0.088
Lead (Pb) BDL BDL BDL BDL -
Mercury (Hg) BDL BDL BDL BDL

CD-=Critical difference; BDL=below detection limi.S= Non significant.




Table 22: Descriptive statistics obtained by ANOVAo compare concentration (mg/l) of the selected heg metals of the
water samples collected along Khannabal of River Flumseasonally
Seasons
Location | Aytumn (Mean Winter (Mean | Spring(Mean + Summer (Mean| Overall Mean C.D
+ SD) + SD) SD) + SD)

Copper (Cu) 0.012 + 0.003 0.042 + 0.014 2.420.099 0.494 + 0.054 0.74+1.14 0.172
zinc (Zn) 0.495 + 0.058 0.063 + 0.0Q07 1.811.31(0 5.318 £+ 0.373 1.92+2.38 0.745
Cobalt (Co) 0.805+ 0.043 1.629 + 0.389 0.000.6902 1.643+ 0.376 1.02+0.78 0.820
Nickel (Ni) 0.521 + 0.056 0.411 + 0.071 0.006.803 0.007 +0.002 0.23+0.26 0.137
Manganese (Mn) 2.676 £ 0.078 3.537 £ 0.252  3.3431160 3.078 +0.187 3.15+0.37 0.546
Chromium (Cr) 0.364 £ 0.043 0.320 £ 0.108 0.008.@01 0.770 + 0.074 0.36+0.31 0.207
Aluminum (Al) 4525+ 0.339 5.630 £ 0.283 1.998).225 5.090 +0.524 4.31+1.60 1.091
Iron (Fe) 3.543 £ 0.389 13.801 £0.123 25.750 #%.3 7.615+0.573 12.67+9.68 2.882
Calcium (Ca) 3.740 £ 0.863 7.526 +0.371 4.278.298 3.478 +0.197 4.75+1.87 1.520
Cadmium (Cd) 0.399 + 0.047 0.004 £ 0.002 1.999.217 0.671 = 0.087 0.76+0.86 0.361
Lead (Pb) BDL BDL BDL BDL - -
Mercury (Hg) BDL BDL BDL BDL - -

CD-=Critical difference; BDL=below detection limi.S= Non significant.




Maximum concentration in Dal Lake was detected ummser at Telbal site

(1.83+0.23 mg/l) which was significantly (p<0.05)gher than Saidakadal
(0.73+£0.04 mg/l), Dalgate (0.33+0.03 mg/l) and Halzal (0.06+0.01 mg/l).

Minimum concentration was detected in autumn at&aidal (0.05+0.01 mg/l),

Hazratbal (0.02+0.01 mg/l), Dalgate (0.04+0.01 mdrelbal (0.03+0.00 mg/l).

During summer in River Jhelum maximum concentratiwwas observed at
Zerobridge (0.76£0.07 mg/l) followed by Khannab#.40+0.05 mg/l) and

Chattabal weir (0.46+0.06 mg/l). Minimum conceritat was in autumn at

Zerobridge (0.00+0.00 mg/l) which was significangbx0.05) lower value than at
Khannabal (0.01+0.00 mg/l) and Chattabal weir (80006 mg/l). However,

concentrations in water samples from Hazratbals$itav slight difference among
seasons and did not vary significantly (p>0.05)eféhwas an increasing trend
from autumn to summer at all the station. The mummand maximum

concentration recorded in River Jhelum and Dal Ldkeng different seasons
was 0.00 to 0.76 mg/l and 0.02 to 1.83 mg/l, respely which were higher than
1.00 mg/l, the Maximum Limit recommended by WHO/RERferred in Table-

23.

4.3.2  Zinc (Zn)

The concentration of zinc in water among differextations varied
significantly (p<0.05). Overall the average cortcation (Mean+SD) at Dalgate,
Saidakadal, Hazratbal and Telbal of Dal Lake we@£0.60 mg/l, 0.64+0.27
mg/l, 0.54+0.70 mg/l and 0.27+0.20 mg/l. At Zeralge, Chattabal weir and
Khannabal of River Jhelum these were 0.72+0.72 ,n@®A5+0.29 mg/l and
0.74+1.14 mgl/l, respectively. Significant (p<0.08ariation existed overall
concentrations in during different season at defifierstations. During summer the
highest concentration of (5.31+0.37 mg/l) was natedkhannabal site followed
by Zerobridge(1.76+0.34 mg/l) and Chattabal Weir7830.10 mg/l). Lowest
concentration during spring was observed at Chalttaeir (0.07+0.01 mg/l)

followed by Zerobridge (0.07+0.01). However, at Khabal lowest concentration



(0.06+0.00) was found during winter. During summiar Dal lake highest

concentration was at Dalgate (1.43+0.19 mg/l) araldékadal (1.01+0.03
mg/l).While during spring highest concentration wasted at Hazratbal
(1.53+0.18) followed by Telbal (0.51+0.02 mg/l). west concentrations during
summer were at Telbal (0.00+0.00 mg/l) and Haztaf®®1+0.00 mg/l) while

during winter lowest were recorded at Dalgate (80030 mg/l) and Saidakadal
(0.39+0.03 mg/l). The minimum and maximum concerdrarecorded in River
Jhelum and Dal Lake during different seasons waé t 5.31 mg/l and 0.00 to
1.53, respectively, indicating that highest conedidn more than the
recommended value by WHO/FEPA 3.000 mg/l were faandiver Jhelum than
in Dal Lake (Table-23).

Table 23 : International guidelines for heavy metad in water and fish

Maximum Limit WHO Maximum Limit WHO

Heavy Metals (1984)/FEPA (mg/L) for | (1984)/FEPA/ IAEA-
water 407(ug/qg) for fish
Copper(Cu) 0.84 3.28
Zinc(Zn) 4.65 30 (FAO, 1983)
Cobalt(Co) 0.004 -
Nickel(Ni) 0.1-0.2 0.60
Manganese (Mn) 0.050 0.5
Chromium(Cir) 0.05 0.73

Aluminum(Al) - -

Iron(Fe) 0.300 146 (Wyset al.,2003)
Calcium(Ca) - -
Cadmium (Cd) 0.003 0.18

Lead (Pb) 0.010 0.12
Mercury(Hg) 0.001 -




4.3.3 Cobalt (Co)

The concentration of cobalt was seen maximum duaatumn season
and minimum during summer season for all locatiexsept Khannabal at which
maximum concentration was in summer season. Theag®econcentration
(MeanzSD) at different locations, viz, Dalgate, dé&iadal, Hazratbal and Telbal
of Dal Lake were 0.17+0.25 mg/l, 0.24+0.26 mg/R6x0.29 mg/l and 0.28+0.20
mg/l, respectively. In River Jhelum at Zerobrid@attabal weir and Khannabal
the concentrations were 0.27+0.30 mg/l, 0.63+£0.88| rand 1.02+0.78 mgl/I,
respectively. The concentrations during differeetasons were significantly
(p<0.05) different at various locations. Maximunmcentration was detected in
autumn for all locations with highest value in Hatbal (0.55+0.05 mg/l) which
was significantly (p<0.05) higher than Saidakadal54+0.03 mg/l), Dalgate
(0.53£0.03 mg/l) and Telbal (0.49+0.05 mg/l) of Dadke. In River Jhelum
concentration at Zerobridge (0.65+0.06 mg/l) wagnisicantly (p<0.05) higher
than Chattabal weir (0.65+0.04 mg/l) where as atanftabal maximum
concentration was found in summer season (1.64+@ugj/1). Significantly
minimum (p<0.05) concentration during summer weoenfl at all locations
except Khannabal which revealed minimum concemwina{i0.004+0.002 mg/l)
during spring season. The minimum and maximum aunagon recorded in
River Jhelum and Dal Lake during different seaseas 0.002 to 1.64 mg/l and
0.003 to 0.55 were higher than 0.004 mg/l whichthe Maximum Limit
recommended by WHO/FEPA (Table8).

434  Nickel (Ni)

Overall the average concentrations (meanzsd) vie28+0.23 mgll,
0.12+0.20 mg/l, 0.32+0.31 mg/l, 0.52+0.41 mg/l,4%6.52 mg/l, 0.22+0.24 mg/|
and 0.23£0.26 mg/l at, Dalgate, Saidakadal, Haatatbhd Telbal of Dal Lake and
Zerobridge, Chattabal weir and Khannabal of Riveeldm, respectively. The
concentrations of nickel during different seasoased significantly (p<0.05) at

different locations. Minimum concentrations wer@rd in summer season at all



locations. Maximum concentrations were observeddifferent seasons at
different locations. Maximum level during autumnRiver Jhelum were found at
Khannabal (0.52+0.05 mg/l) followed by Chattabalirv@®.42+0.04 mg/l) and

during spring at Zerobridge (1.27+0.14 mg/l). Inl Rake maximum levels were
found at Dalgate (0.48+0.05 mg/l) and Saidakada#t2€0.07 mg/l) during

autumn, at Hazratbal (0.75£0.06 mg/l) during wintand at Telbal (0.98+0.08
mg/l) during spring. The minimum and maximum corica&tion recorded in River
Jhelum and Dal Lake during different seasons w@@3do 1.27 mg/l and 0.003 to
0.98, respectivelyindicating that highest concdmns more than the
recommended value by WHO/FEPA 0.1-0.2 mg/l werenébin River Jhelum

than in Dal Lake (Table-23).

4.3.5 Manganese (Mn)

The concentration of manganese in water differgaificantly (p< 0.05)
both location wise as well as seasonally. Duringngphighest concentrations in
Dal Lake were noted at Saidakadal (8.24+0.19 mfyllowed by Dalgate
(5.70+0.32 mg/l) and Telbal (5.33+1.37 mg/l) anghdst level during winter was
at Hazratbal (6.49+0.67 mg/l). Lower concentratia@se found during autumn at
Saidakadal (1.42+0.07 mg/l) followed by Dalgate4§#0.08 mg/l) and during
summer at Telbal (0.003+0.001 mg/l) followed by kadlzal (0.011+£0.007 mg/l).
In River Jhelum concentrations were significanppg@.01) higher during winter
season at Chattabal weir (9.48+0.48 mg/l) followsd Zerobridge (4.89+0.34
mg/l) and Khannabal (3.53+0.25 mg/l) site. Lowen@entrations were detected
during autumn at Chattabal weir (1.98+0.37 mg/IJl athannabal (2.67+0.07
mg/l). During spring low level was at Zerobridgees{0.019+0.013 mg/l). The
average concentrations (MeanzSD) at different looatduring different seasons
at Dalgate, Saidakadal, Hazratbal and Telbal of I&le were 3.56+2.36 mg/l,
4.22+2.93 mg/l, 3.16+2.96 mg/l, 2.30£2.23 mg/l wdes at Zerobridge, Chattabal
weir and Khannabal of River Jhelum these were 2285-mg/l, 4.78+3.57 mg/I
and 3.15+0.37 mgl/l, respectively. The minimum arakimum concentrations in



River Jhelum and Dal Lake during different seasease 0.01 to 9.48 mg/l and
0.003 to 8.24, respectively which were higher til8a@50 mg/l, the Maximum
Limit recommended by WHO/FEPA referred in Table-23.

4.3.6  Chromium (Cr)

The concentration of chromium in water samplesndudifferent seasons
were significantly (p<0.05) varied at different &ions. The average
concentration (MeantSD) at Dalgate, Saidakadal,r&thal and Telbal of Dal
Lake were 0.15+0.18 mg/l, 0.10+£0.13 mg/I, 0.06x0m@/I and 0.20+0.36 mgl/l,
respectively when at Zerobridge, Chattabal weir Ehdnnabal of River Jhelum
these were 0.07£0.11 mg/l, 0.06+0.11 mg/l and 03&k mg/l, respectively.
Maximum concentrations in Dal Lake during autumnreveat Hazratbal
(0.25+0.08 mg/l), during winter at Dalgate (0.36E®. mg/l) followed by
Saidakadal (0.29+0.05 mg/l) and during summer dbdlesite (0.74+0.05).
Minimum concentrations during summer were at Dag@.003+0.002 mg/l),
Hazratbal (0.004+0.001 mg/l) and Saidakadal (0.00832 mg/l), and during
winter at Telbal (0.003£0.001 mg/l). In River Jhalumaximum concentrations
during autumn were at Zerobridge (0.244+0.059 mg#d Chattabal weir
(0.23+£0.02 mg/l) while as during summer it was &aKnabal (0.77£0.07 mg/l).
Minimum concentrations during winter were at Zerdge (0.009£0.005 mg/l)
and Chattabal weir (0.002+0.001 mg/l) and duringingp at Khannabal
(0.003£0.001 mg/l). The minimum and maximum conidn recorded in River
Jhelum and Dal Lake during different season wa82t0 0.7 mg/l and 0.003 to
0.7 were higher than 0.05 mg/l which is the Maximumnit recommended by
WHO/FEPA (Table-23).

4.3.7  Aluminum (Al)

The average concentration (MeanzSD) at Dalgatela®adal, Hazratbal
and Telbal of Dal Lake were 1.74+0.46 mg/l, 2.3380mg/l, 6.15+5.18 mg/l and
3.54+2.47 mg/l. At Zerobridge, Chattabal weir anddaknabal of River Jhelum



these were 2.84+2.17 mg/l, 3.15+1.41 mg/l and 4133& mg/l, respectively. The
concentration of aluminum varied significantly (p8®) at different locations
seasonally. Highest concentrations were detect&hlgiate site (2.42+0.15 mg/l)
during winter, at Saidakadal (3.43+0.06 mg/l) dgriautumn, at Hazratbal
(13.21+1.18 mg/l) during summer and at Telbal (&@0383 mg/l) during spring.
Lowest concentrations also varied significantly ®%) and at Dalgate
(1.41+0.10 mg/l) and Saidakadal (1.44+0.03 mg/ljirdy spring season were
noted. Lowest concentrations were noted at TelBad8t0.06 mg/l) during
autumn while at Hazratbal (2.00£0.25 mg/l) duringnter. In River Jhelum
highest concentrations were observed at Khannah&B3£0.28 mg/l) during
winter, Chattabal weir (4.71£0.40 mg/l) during suermand Zerobridge
(5.13+0.44 mg/l) during spring. Lowest concentmasioduring spring were at
Chattabal weir (1.82+0.28 mg/l) followed by Khanabf1.99+0.22 mg/l) while
lowest value was recorded during winter at Zerad®i@0.005+0.002 mg/l). The
minimum and maximum concentrations recorded in Rlfeelum and Dal Lake
during different seasons was 0.005 to 5.63 mg/l @4& to 13.21 mg/l which
were higher than 0.0 mg/l which is the Maximum Llimnecommended by
WHO/FEPA (Table-23).

4.3.8 Iron (Fe)

The average concentrations (meanzsd) of iron itemwsamples from
Dalgate, Saidakadal, Hazratbal and Telbal of D&teLavere 10.8+2.89 mg/l,
9.47+2.97 mg/l, 4.28+1.44 mg/l and 14.4+12.29 mgréspectively. At
Zerobridge, Chattabal weir and Khannabal of Rivexlum these were 3.70£3.61
mg/l, 6.20+4.27 mg/l and 12.67+9.68 mg/l, respetivThe concentration of iron
varied significantly (p<0.05) among different locais seasonally. During autumn
in River Jhelum lowest concentrations of (2.58+t@§1) was noted at Chattabal
weir followed by Khannabal (3.54+25.7 mg/l) whilaurthg summer lowest
concentration was at Zerobridge site (1.45+0.241)mglighest concentrations

during spring seasons were found at Khannabal £2537 mg/l) and Chattabal
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weir (11.45+0.67 mg/l) while at Zerobridge (9.084D.mg/l) highest level was
found in autumn. In Dal Lake lowest level was degdcat Dalgate (6.50%0.20
mg/l) and Saidakadal (6.69+0.05 mg/l) during autumilso lowest level was

detected during winter at Hazratbal (2.37+0.11 jreyid Telbal (4.86+0.33 mg/l).
Highest concentrations at Telbal (32.17+6.44 m@8idakadal (13.68+0.36 mg/l)
and Hazratbal (5.66+£0.28 mg/l) were found duringhsier while during winter

highest was recorded at Dalgate (12.53+£0.62 mgfig minimum and maximum
concentrations recorded in River Jhelum and DaleLdkring different seasons
were 1.45 to 25.7 mg/l and 2.3 to 32.1 mg/l andewigher than 0.300 mg/I
which is the Maximum Limit recommended by WHO/FEPAble-23).

4.3.9 Calcium (Ca)

The concentration of calcium in water samples edarsignificantly
(p<0.05) from different locations seasonally. Olletiae average concentrations
(Mean£SD) were 3.93£1.54 mg/l, 3.66+£1.60 mg/l, £1.51 mg/l and 3.49+1.20
mg/l, at Dalgate, Saidakadal, Hazratbal and TetlidDal Lake, and 6.05+£3.04
mg/l, 3.90+1.18 mg/l and 4.75£1.87 mg/l, at Zerdbgd, Chattabal weir and
Khannabal of River Jhelum, respectively. Maximumaantrations varied in
different locations of Dal Lake with highest contrations detected in spring at
Dalgate (5.58+0.40 mg/l), Hazratbal (5.24+0.32 mdlelbal (4.78+0.15 mg/l)
and Saidakadal (4.70£0.11 mg/l). Minimum conceidret were detected in
autumn at Saidakadal (0.06£0.009 mg/l), Dalgate85d0.04 mg/l), Telbal
(1.89+0.12 mg/l) and Hazratbal (1.96+0.22 mg/l).ribg winter in River Jhelum
maximum concentrations were at Chattabal (5.33t0HAd/l) followed by
Khannabal (1.99+0.21 mg/l). While during summerhl@gt concentration was
noted at Zerobridge (8.2+0.58 mg/l) and at Chattabair (2.48+0.08 mg/l)
during autumn. Minimum concentration at KhannalfaD@4+0.002 mg/l) and
Zerobridge (1.65+£0.25 mg/l) observed during summaried significantly
(p<0.05) from that of Chattabal weir (2.48+0.08 Mgluring autumn. The
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minimum and maximum concentration recorded in Rileelum and Dal Lake
during different season was 0.004 to 5.3 mg/l afé @ 5.58 mg/I.

4.3.10 Cadmium (Cd)

The concentration of cadmium in water samplesedaignificantly
(p<0.05) at different locations seasonally. Therage concentration (mean)
detected at different locations during differenasms at Dalgate, Saidakadal,
Hazratbal and Telbal of Dal Lake were 0.27+0.26 Im@.30+0.27 mg/l,
0.43+0.28 mg/l and 0.25+0.15 mg/l while at Zerobed Chattabal weir and
Khannabal of River Jhelum these were 0.25+0.24 ,n@yA0+0.13 mg/l and
0.76+£0.86 mg/l, respectively. The increase or desmein concentrations of
cadmium during different season vary significargtydifferent sites with highest
concentrations detected during autumn at Hazra{pal1+0.09 mg/l) site
followed by Dalgate (0.61+£0.05 mg/l), Saidakadab8x0.03 mg/l) and Telbal
(0.44+£0.03 mg/l). Lowest concentrations were deaturing winter at Dalgate
(0.05+0.01 mg/l and Hazratbal station (0.05+£0.01/Im@Vhile during spring
lowest concentration was noted at Telbal (0.06x0v@f)l) and during summer
lowest were recorded at Saidakadal (0.06+0.00 muil)River Jhelum during
autumn highest concentrations were observed at&lizt(0.60+0.02 mg/l) and at
Zerobridge (0.51+0.05 mg/l) it was noted during suen while high level during
spring season was noted at Khannabal (1.9+0.21).nigdring winter lowest
concentrations were detected at Khannabal (0.00820mg/l). During spring
lowest concentrations were noted at Zerobridge2@:0.008 mg/l) and Chattabal
weir (0.32+0.03 mg/l). The minimum and maximum cemications recorded in
River Jhelum and Dal Lake during different seasaas 0.004 to 1.9 mg/l and
0.05 to 0.71 mg/l, higher than 0.003 mg/l which tiee Maximum Limit
recommended by WHO/FEPA (Table-23).

4.4 Metal concentration in fish tissue and paras#s

The liver and muscle tissue pieces along with gheasites recovered



from the samé&chizothorax nigewere analyzed for the heavy metals. A total of 3
parasite species were recovered fi@aohizothorax nigefrom Dal Lake and River
Jhelum. The parasites recovered were acanthoceppafasitePomphorhynchus
kashmirensisand twointestinalcestodéglenoscolex oreiand Bothriocephalus
acheilognathi. The concentrations of the metals in the tissues #&me

corresponding parasite are presented in the Tadlés 31.

The mean concentrations of the twelve heavy metakhe tissues of
Schizothorax nigeand their helminthes parasites in the two invettidjavater
bodies are ranked in both infected and uninfeatdte§. The mean concentrations
of heavy metals for fish muscle, liver aAdenoscolexyarasite of Dal Lake are
ranked as Fe > Ca > Al > Mn > Zn > Cu > Ni > Cd »>CCo, Fe > Ca > Mn >
Al>Cu>2Zn>Cd>Ni>Co>Crand Ca>2Zn>Fé&m > Al >Cu>Co > Ni
> Cd > Cr and of River Jhelum are ranked as €a > Al > Zn > Cu > Cr > Ni
>Mn>Co>Cd, Ca>Fe>AlI>Zn>Cu>Mn>NCe >Cd>Crand Ca > Fe
> Cr > Mn > Al > Zn > Cu > Cd > Ni > Co. The ovdralean concentration of the
twelve metals for fish muscle, liver aBwbthriocephalugparasite of Dal Lake are
ranked as Fe > Ca>2Zn>Al>Cr>Ni>Cu>Mn&£Co, Fe >Ca > Cu > Zn
>Al>Mn>Ni>Cd>Cr>CoandFe>Ca>Al>2nMn>Cr>Cu>Ni>
Cd > Co and of River Jhelum are ranked as Ca> Fe > Al > Cr > Mn > Ni >
Cu>Co>Cd,Fe>Ca>2Zn>Cu>Al>Mn>Ni>€€d > Co and Fe > Ca >
Zn > Al > Cu > Mn > Cr > Ni > Co > Cd. The overatliean concentration of the
twelve metals of Dal Lake for fish muscle, liverdaRomphorhynchugparasite
are ranked as Cd > Ca > Cr > Zn > Cu > Mn > Al >N¢o > Cd, Ca > Fe > Zn >
Al>Cu>Mn>Cr>Ni>Co>Cdand Ca>Fe>MrCs>Cu > Ni>Zn > Al
> Cd > Co and of River Jhelum are ranked as Zn > Ea > Cu > Cr > Al > Mn
>Co>Ni>Cd,Ca>Fe>Zn>Al>Mn>Ni>CuCo >Cr>Cdand Ca > Fe
>Mn > Cr > Al>Cu>Ni>Zn>Co > Cd.

Compared to the metal concentrations of muscle levad tissues of

infected fishes and the tissues concentrationsmifected fishes from Dal Lake



were ranked as Fe >Ca>Zn>Cu > Ni>Cd > Alpr MCo > Cr and Fe > Cd >
Cu>Ca>Al>Mn>Zn>Ni>Co > Cr and for Rivéhelum as Ca > Fe > Al >
Zn>Mn>Ni>Cr>Cu>Co>Cdand Fe>Ca>ACx >Zn > Mn > Cd > Ni

> Co > Cr, respectively.

Highly significant (P<0.01) effects of the type wietal and the site of
location were seen on their concentration in theues and parasites. Two factors
interaction revealed high significance (P<0.01}jha case of (heavy metal*site),
significance (P<0.05) in the case of (Fish*heavytal)eand non significance in
the case of (Fish*site) while, three factors intécm (fish*site*heavy metal)
showed high significance (P<0.01) on the concentrabf heavy metals in the
infected fishes at the two sites
4.4.1 Seasonal effect on the comparative concenfi@is of the heavy

metals in tissues of theSchizothoraxniger and Adenoscolex oreini
collected from Dal Lake (Table 24)

The highest concentration of copper was seensim lfver (1.74+0.009
png/g) followed by Adenoscolex oreini(1.59+2.78 pg/g) and fish muscle
(1.25+1.26 ug/g).

Zinc was seen more lxdenoscolex6.60+£11.8 pg/g) than in fish muscle
(1.30+0.84 pg/g) and fish liver (1.16+0.14 pg/g).

Cobalt was seen iAdenoscolex0.54+0.50 pg/g) more followed by fish
muscle (0.38+£0.39 pg/g) and fish liver (0.09£0.@19).

Nickel was seen higher infish muscle (0.80+0.9¢/gj followed by fish
liver (0.55+0.01 pg/g) anddenoscolex0.52+0.63 ug/g).

Manganese was seen inhighAdenoscolex3.01+3.32 ug/g) followed
by fish liver (2.55£0.01 pg/g) and fish muscle @&8.20 ug/g).

Chromium was seen more concentrated infish mu€ciet+£1.20 pg/q)
compared t&Adenoscolex0.005+0.006 pg/g) and fish liver (0.06+0.081 Pg/g
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Table 24: Seasonal effect on the comparative condeations (pg/g) of the heavy metals in tissues ohé Schizothoraxniger
and Adenoscolex oreini collected from Dal Lake

Tissues
Adenoscolex oreini Liver Muscle’
Metals Autumn Winter Spring Summer Autumn Winter Spring Summer Autumn Winter Spring Summer
——————————————————————————————————— Overall cD -----------------------------------4 Overall cD mm-mmsos--------------------------- Overall cD
Mean Mean Mean Mean mean Mean Mean Mean Mean mean Mean Mean Mean Mean mean
+SD +SD +SD +SD +*SD +SD +SD +SD +SD +SD +SD +SD
Copper (Cu) 0.033  0.005 0.079 6.254 | 1.59+2 0.587 0.006 0.007 2.726 4246 | 1.74x0 0.154 0.014 0.168 2.957 1.871 | 1.25+1 0.243
+0.018 0.002 *0.022 +0.387 .78 ’ +0.004 +0.004 +0.045 =0.091 .009 ’ +0.004 +0.023 *0.155 =*0.036 .26 '
Zinc (Zn) 2.062 0.739 0.010 23.623 | 6.60x1 9.950 1.550 1.603 0.002 1.497 | 1.16x0 0.109 1.252 2.141 0.009 1.821 | 1.30+0 0.142
+0.414 +0.087 +0.007 +6.103 1.8 ’ +0.064 +0.022 +0.002 +0.024 .14 ’ +0.053 +0.056 +0.004 +0.054 .84 '
Cobalt (Co) 0.490 0.412 0.006 1.286 | 0.54+0 0.261 0.188 0.003 0.003 0.196 | 0.09+0 0.044 0.263 0.257 1.031 0.005 | 0.38x0 0.035
+0.135 +0.092 +0.002 +0.058 .50 ’ +0.018 +0.002 +0.001 +0.023 .04 ’ +0.006 +0.013 +0.018 +0.002 .39 '
Nickel (Ni) 0574 1477  0.030 0005 | 0.5240 o0 | 0155 0902 1141 0011 | 0.55:0 o, | 0275 0.699 2257 0.003 | 0.80:0 .,
+0.124 +0.095 +0.017 +0.002 .63 ’ +0.007 +0.009 +0.059 +0.005 .01 ’ +0.029 +0.045 +0.089 +0.002 .90 '
Manganese (Mn 0.064+ 0.005 5.138 6.865 | 3.01+3 1.681 0.053 5.329 1.305 3.538 | 2.55+0 0.313 0.099 1.381 0.009 5.277 | 1.69+2 0.256
0.011 +0.002 +0.590 +0.942 .32 ’ +0.005 +0.142 +0.049 +0.142 .01 ’ +0.027 +0.145 +0.004 +0.084 .20 '
Chromium (Cr) 0.004 0.006 0.006 0.005 | 0.005% N.S 0.228 0.010 0.001 0.002 | 0.06x0 0.056 0.197 0.008 2.779 0.011 | 0.74x1 0.147
+0.002 +0.004 +0.003 +0.003 | 0.006 e +0.037 +0.006 +0.000 +0.001 .081 ’ +0.024 +0.004 +0.094 +0.006 .20 '
Aluminum (Al) 1.607 0.003 0.399 9.109 | 2.82+3 0.947 1.696 1.023 2.566 5477 | 2.21+0 2454 0.566 0.533 3.424 7.194 | 2.92+2 0.333
+0.295 +0.002 +0.096 +0.544 .95 ’ +0.095 +0.254 +0.346 +1.562 .21 ’ +0.031 +0.019 +0.174 +0.130 .80 '
Iron (Fe) 5.326 0.560 7.965 6.514 | 5.09+2 1.040 27.55 66.68 23.76 16.25 | 33.7x2 27.928 6.971 14.628 18.654 77.19 | 29.3%2 0.768
+0.182 +0.069 *0.385 =*0.535 .93 ’ +14.76 +10.77 1.703 +2.028 .21 ’ +0.075 +0.449 0.174 0.142 8.6 '
Calcium (Ca) 10.329 28.864 34.336 0.007 | 18.38% 4.129 7.222 2.490 9.399 19.856 | 10.15+ N.S 24.58 6.034 9.852 74.92 | 28.8+2 5515
+0.390 2.029 *1.785 0.002 | 14.47 ’ +1.158 +0.151 +7.273 +5.560 0.19 " +0.193 +0.019 +0.221 *3.636 8.4 '
Cadmium (Cd) 0.010 0.020 0.044 0.024 | 0.02x0 N.S 0.536 1.773 0.553 2524 | 1.13+0 1.294 0.042 0.005 0.030 3.059 | 0.78x1 0.719
+0.003 +0.012 +0.015 +0.012 .026 e +0.467 +0.409 +0.387 +0.444 .027 ’ +0.007 +0.005 +0.010 0.475 43 '
Lead (Pb) BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL
Mercury (Hg) BDL BDL BDL BDL BDL BDL BDL BDL BDOL BDL BDL BDL




Table 25: Seasonal effect on the comparative condeations (pg/g) of the heavy metals in tissues ohé Schizothoraxniger
and Adenoscolex oreini collected from River Jhelum

Tissues
Adenoscolex oreini Liver Muscle’
Metals Autumn Winter Spring Summer Autumn Winter Spring Summer Autumn Winter Spring Summer
———————————————————————————————————— Overall o ["octmmtmmooommommo--o----------oq Overall cD S--m-s----------------------------- Overall cD
Mean Mean Mean Mean +SD mean Mean Mean Mean Mean mean Mean Mean Mean Mean mean
+SD +SD +SD - +SD +SD +SD +SD +SD +SD +SD +SD
Copper (Cu) 0.069 0.327 0.070 3.481 0.98 0.217 1.171 0.286 1.228 0.617 0.83 0.729 0.002 0.001 2.612 0.805 0.86%1. 1.363
+0.033 +0.064 +0.006 +0.124 +1.48 ! +0.294 +0.281 +0.202 +0.164 +0.060 ! +0.002 +0.001 +0.654 +0.621 42 !
Zinc (Zn) 1.425 = 0.347 0.020 22.842 6.15 1.035 1.347 1.208 0.321 1.221 1.07 0.772 1.089 1.912 0.402 2.083 1.49+1. 1.083
.085 +0.038 +0.008 +0.678 +9.92 ' +0.058 +0.303 +0.316 +0.256 +0.054 ' +0.246 +0.143 +0.400 +0.521 00 ’
Cobalt (Co) 0.355 0.029 0.472 0.040 0.22 0.213 0.185 0.057 0.162 0.780 0.280 0.270 0.906 0.101 0.145 0.019 0.159 0.685
+0.045 +0.005 +0.133 +0.011 +0.24 ’ +0.039 +0.017 +0.160 +0.068 +0.031 ' +0.440 +0.099 +0.041 +0.019 +0.19 ’
Nickel (Ni) 0.523 0.597 0.014 0.005 0.28 0.086 0.601 0.580 0.042 0.080 0.33 0.240 0.213 0.526 1.976 0.516 0.80+0. 0.959
+0.041 +0.039 +0.004 +0.001 +0.28 ' +0.039 +0.133 +0.011 +0.078 +0.04 ’ +0.055 +0.083 +0.360 +0.512 95 ’
Manganese (Mn) 0.391 0.014 6.806 19.756 6.74 0.611 0.459 0.851+ 0.588 0.360 0.57 0.249 0.118 0.461 0.102 0.451 0.30+0. 0.262
+0.016 +0.006 +0.273 +0.298 +8.20 ' +0.124 0.068 +0.054 +0.065 +0.026 ’ +0.033 +0.074 +0.099 +0.117 24 ’
Chromium (Cr) 0.230 0.018 44.438 0.018 111 3.673 0.143 0.002 0.004 0.147 0.04 NS 0.260 1.847 0.688 0.495 0.82+0. 0.840
+0.039 +0.005 +2.429 +0.008 +19.85 : +0.037 +0.002 +0.002 +0.145 +0.037 o +0.068 +0.407 +0.371 +0.038 84 :
Aluminum (Al) 1.848 0.030 0.205 24.404 6.62 1.549 1.040 1.468 1.007 4.990 1.68 2145 0.582 0.106 0.288 13.642 | 4.47+7. 5.101
+0.062 +0.014 +0.014 +1.023 +10.61 : +0.214 +0.310 +0.735 +1.154 +0.12 ! +0.006 +0.104 +0.069 +3.372 42 :
Iron (Fe) 17.552 0.645 25.616 24.686 17.12 1.874 8.208 4.679 15.29 15.758 11.05 4.994 7.527 2.397 15.08 13.69 9.47+6. 6.525
+0.563 +0.094 +0.434 +1.011 +10.35 : +1.388 +1.943 +1.28 +1.883 +0.08 : +2.369 +0.651 +3.351 +1.168 66 :
Calcium (Ca) 1.751 0.253 72.718 37.632 28.08 2592 7.000 20.02 86.07 28.66 35.84 35.246 22.174+ 5.779 9.596 65.44 28.85+ 21.748
+0.102 +0.029 +1.591 +0.630 +30.62 : +1.375 +18.44 +12.06 +7.468 +0.073 : 2.357 +4.390 +2.089 +13.331 30.3 :
Cadmium (Cd) 0.061 0.513 0.043 0.193 0.20 0.212 0.157 0.341 0.047 0.842 0.19 NS 15.09 0.007 0.050 0.540 0.19+0. NS
+0.010 +0.069 +0.012 +0.121 +0.24 : +0.074 +0.085 +0.044 +0.592 +0.012 o +15.028  +0.004 +0.015 +0.130 277 "
Lead (Pb) BDL BDL BDL BDL BDL BDL BDL BDL BDL BL BDL BDL
Mercury (Hg) BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL

CD=Critical difference; BDL=below detection limii{.S= Non significant.
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Table 26: Seasonal effect on the comparative condeations (pg/g) of the heavy metals in tissues ohé Schizothoraxniger
and Bothriocephalusacheilognathi collected from Dal Lake

Tissues
Adenoscolex oreini Liver Muscle’
Metals Autumn Winter Spring Summer Autumn Winter Spring Summer Autumn Winter Spring Summer
———————————————————————————————————— Overall o ["octmmtmmooommommo--o----------oq Overall cD S--m-s----------------------------- Overall cD
Mean Mean Mean Mean +SD mean Mean Mean Mean Mean mean Mean Mean Mean Mean mean
+SD +SD +SD - +SD +SD +SD +SD +SD +SD +SD +SD
0.356 1.071 % 1.180 0.293 0.72+0. 5.765 9.040 0.887 1.769 4.27+0. 0.002 0.829 0.030 0.002 0.21+0.
Copper (Cu) $0.042 0150 #0185  #0.031 48 0369 | ,1464 42057 +0.067 +1.077 20 4151 | 40002 +0.016 +0.010  +0.002 36 0.029
. 2.411 9.610 2.091 3.285 4.34+3. 5.550 2.719 1.902 3.676 3.76x0. 3.107 10.814 4.390 4.435 5.68+3.
Zinc (Zn) +0.304 +0.588 +0.235 +0.062 23 1.065 +0.571 +0.411 +0.678 +0.925 084 2.034 +0.045 +0.350 +0.024 +0.117 10 0.564
0.006 0.053 0.005 0.005 0.017+0 0.011 0.006 0.001 0.018 0.005+0 0.001 0.176 0.001 0.001 0.04+0.
Cobalt (Co) +0.002 +0.012 +0.002 +0.002 .02 0.020 +0.004 +0.005 +0.001 +0.016 .009 N.S. +0.001 +0.018 +0.001 +0.001 079 0.027
Nickel (Ni) 0.046 0.738 0.494 0.010 0.321+0 0.131 0.117 0.265 0.087 0.548 0.18+0. N.S 0.271 0.551 0.050+0 0.037 0.22+0. 0.040
+0.017 +0.073 +0.043 +0.003 .32 ' +0.049 +0.061 +0.051 +0.252 02 — +0.022 +0.008 .012 +0.006 21 ’
5.135 3.885 3.524 0.544 3.27+1. 1.772 1.853 0.163 0.034 1.03+0. 0.148 0.555 0.045 0.064 0.20+0.
Manganese (MN)| 14557 10265 0251  +0.130 78 0678 | 10202 10438 0023 +0.013 14 0743 | 10013 0012 +0.002 +0.002 | 21 0.026
Chromium (Cr) 0.551 0.463 5.959 0.261 1.80+2. 0.661 0.031 0.156 0.130 0.222 0.08+0. NS 0.449 0.373 0.314 0.066 0.30+0. 0.056
+0.039 +0.062 +0.428 +0.054 50 : +0.027 +0.023 +0.017 +0.196 00 " +0.021 +0.015 +0.005 +0.025 15 :
Aluminum (Al) 1.661 0.754 6.446 17.376 6.55+6. 1.748 0.957 1.027 2.535 12.88 1.72+0. NS 0.563 0.442 3.401 7.581 2.99+2. 0.197
+0.396 +0.064 +0.911 +0.588 88 : +0.080 +0.331 +0.183 +10.14 04 " +0.014 +0.007 +0.115 +0.058 97 :
Iron (Fe) 9.048 3.563 42.366 48.557 25.88+2 0.517 45.642 28.938 10.634 9.505 25.83+3 8.128 53.40 46.83 6.248 3.569 27.51+ 2318
+0.303 +0.415 +5.536 +2.951 1.31 : +3.147 +4.328 +0.440 +0.262 .56 . +0.577 +1.418 +0.015 +0.084 23.3 :
. 3.982 8.197 19.429 50.931 20.63%1 9.536 3.924 8.280 24.61 12.10+0 2.491 6.483 3.453 42.36 13.69+
Calcium (Ca) +0.266 +0.163 +2.410 +4.703 9.62 8.003 +1.232 +0.383 +5.785 +6.138 .51 12.900 +0.032 +0.025 +0.054 +0.280 17.04 0.436
. 0.007 0.030 0.005 0.208 0.06+0. 0.180 0.067 0.038 0.417 0.10+0. 0.182 0.008 0.004 0.238 0.100.
Cadmium (Cd) +0.003 +0.023 +0.002 +0.138 16 N.S +0.042 +0.027 +0.036 +0.262 09 N.S +0.005 +0.004 +0.003 +0.011 10 0.020
Lead (Pb) BDL BDL BDL BDL BDL BDL BDL BDL BDL BL BDL BDL
Mercury (Hg) BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL

CD=Critical difference; BDL=below detection limii{.S= Non significant.




Table 27: Seasonal effect on the comparative condeations (pg/g) of the heavy metals in tissues ohé Schizothoraxniger
and Bothriocephalus acheilognathi collected from River Jhelum

Tissues
Adenoscolex oreini Liver Muscle’
Metals Autumn Winter Spring Summer Autumn Winter Spring Summer Autumn Winter Spring Summer
———————————————————————————————————— Overall o ["octmmtmmooommommo--o----------oq Overall cD S--m-s----------------------------- Overall cD
Mean Mean Mean Mean +SD mean Mean Mean Mean Mean mean Mean Mean Mean Mean mean
+SD +SD +SD - +SD +SD +SD +SD +SD +SD +SD +SD
Copper (Cu) 0513  0.009  0.557 3945 | 12581 (..o | 4593 7554 0066 8788 | 3.20:0. | ¢ 0126 0033 0015 0045 | 0.02:0. ¢
pp +0.105  +0.004 +0.057  +0.122 61 : +1.318  +1.892 +0.064  +8.380 11 = | 10123 $0.012 +0.013 +0.012 | 029 >
Zine (zn) 1413 0335 4315 6152 | 30582 , .| 38920+ 21168 5516 1573 | 1890:0 ., | 1428 7.305¢1 5284 1601 | 3.93:3. ..
$0.072  £0.052 0110  $0.234 38 : 3.303  £3.604 $0.879  0.396 66 : $0.383  .346  $0.817  +0.653 08 :
Cobalt (Co) 0491 0015  0.032 0007 | 013+0. (... | 0002 0002 0001 000640 | 0.00240 | ¢ 0155 0001 0000 0055 | 0.01#0. ¢
$0.082  £0.006 +0.015  +0.002 22 : +0.001  #0.002 0001  .003 .002 = | 10150 $0.001 £0.000 $0.016 | 031 >
. . 0522  0.808  0.452 0.007 | 0.440. 0.052 0288 0050  0.424 | 0.15:0. 0.375 0370  0.062  0.064 | 0.21%0.
Nickel (Ni) $0.068  £0.094 20.114  0.002 33 02451 10045 0072 +0.046  +0.147 01 0266 | ,0097 +0.070 +0.059  +0.017 21 0.203
0.188 0498  3.506 0.588 | 1.19+1. 0.995 1199 0024  0.095 | 0.62+0. 0203 0631 0173  0.176 | 0.29+0.
Manganese (Mn)| 5054 10,055 0160  +0.147 39 03491 0148 0300 +0.022  +0.040 11 0511 | 10045 +0.046 +0.112  +0.040 23 0.205
. 0.068 0341  0.399 3.860 | 1.16+1. 0.004 0005 0030 0177 | 0.01+0. 0.452  0.465 0086  0.248 | 0.31%0.
Chromium (C) | 15009  +0.036 +0.140  +0.244 63 0429 | 10003 +0.004 +0.010 +0.175 | 006 NS | 10081 0025 +0.084 +0.062 | 20 0203
Aluminum (A) 5.054 0419  0.546 0367 | 150#2. ,..| 0784 0652 1816 10578+ | 1.28:0. | ¢ 0774 1436 0842 2214 | 14451 o
$0.250 +0.040 $0.082  $0.074 06 : +0.113  #0.261 $0.062  8.691 059 = | 10128 $0.893 £0.108  +0.342 17 >
8859 0426+ 1.957  16.262 | 6.876. 37.33+7 8906  12.815 23.390 | 22.4+1. 35.927 12.624 3.672  6.796 | 14.9+1
Iron (Fe) +0.284 0050 0359  +0.807 51 1404 " 154 10055 +4.039 3873 | 15 13733 | ,g318 473909 0392 0926 | 7.6 16900
_ 1539  0.389 0546  20.454 | 5.7318. 6.853  2.889  5.999  18.798 | 9.02:0. 2584 2872 2568  45.13+1 | 15.74%
Calcium (Ca) +0.097 +0.037 +0.041  +0.998 79 1518 | 10913 0454 +4918  +4.702 32 10402 | 17964 40441 0233 0715 | 2378 16312
_ 0.238  0.052  0.021 0.238 | 0.1320. 0.002 0002 0006 0202 | 0.0030 1120 0001  0.002  0.017 | 0.006%
Cadmium (Cd) | 15037 +0.015 +0.009  +0.038 11 0085 | 10002 +0.002 +0.004 +0.196 | .004 NS | 4117109 40001 +0.002  +0.004 | 0.008 N.S.
Lead (Pb) BDL BDL BDL BDL BDL BDL BDL BDL BDL BL BDL BDL
Mercury (Hg) BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL

CD=Critical difference; BDL=below detection limi.S= Non significant.
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Table 28: Seasonal effect on the comparative condeations (pg/g) of the heavy metals in tissues ohé Schizothoraxniger
and Pomphorhynchus Kashmirensis collected from Dal Lake

Tissues
Adenoscolex oreini Liver Muscle’
Metals Autumn Winter Spring Summer Autumn Winter Spring Summer Autumn Winter Spring Summer
———————————————————————————————————— Overall co [TTTttrttoommommoo--------------d Overall cD Sm-s------------------------------- Overall cD
Mean Mean Mean Mean mean Mean Mean Mean Mean mean Mean Mean Mean Mean mean
+SD +SD +SD +SD +SD +SD +SD +SD +SD +SD +SD +SD

Copper (Cu) 0.035 0.207 0.153 2.451 0.71x1. 0.212 1.210 0.008 0.050 0.476 0.4420. 0.567 3.242 0.531 0.009 0.523 1.07+1. 0.082

$0.007  $0.014 $0.053  0.129 04 $0.303  $0.004 $0.046 0217 | 029 $0.051 $0.015 $0.004 #0.009 | 30

Zinc (zn) 0427 0439  0.499 0449 | 045:0. N.S. 1402 1285 0018 0111 | 0.75:0. 0494 | 2298 2266 1513  1.324 | 1.85:0.  0.085
$0.082 0055 0139  0.078 19 $0.047 #0317 0009  $0.064 | 060 $0.039 0023 0026 0020 | 45

Cobalt (Co) 0068 0535  0.038 0109 | 0.18+0. 0170 | 0441  0.002 0071 0426 | 0.24:0. 0229 | 0040 0153 0007 0008 | 0.051x  0.031
$0012 #0105 0017  0.035 23 $0.113 #0001 #0.069  +0.075 | 099 $0015 #0014 #0003 #0.005 | 0.065

Nickel (Ni) 0463 0009  0.295 1108 | 0.46:0. 0264 | 0310 0583 0060 0343 | 031x0. 0292 | 0263 0439 0015 0009 | 0.18:0. 0.035
$0.059  $0.004 0030  0.162 45 $0.117 #0146  $0.043  +0.017 05 $0015 #0013 #0011 #0006 | 18
0672 0008  4.676 1.044 | y5g4q 0421 | 0394 0584 0223 0424 | 54040 NS 1436 1.253  0.002  0.047 | ;ggsp.  0.038

Manganese (M)l 10075  +0.004 +0.247  +0.105 | oo +0.141  #0.154  $0.072  #0.054 | 5 $0.013  £0.016 *0.002  #0.015 | ggy

Chromium (cr) | 0014 ~ 0016 1.238 1938 | 0.80:0. 0257 | 0191 0011 0144 0773 | 021+0. 0364 | 1.352+ 9819 0235 0065 | 2.86x4. NS
$0.007 0010 $0.124  0.116 86 $0.048 0006 $0.133  $0.194 | 017 0089  97.701 $0.089 $0.030 | 76

Aluminum (a)y | -363  0.582  0.009 0917 | 0.45:0. 0310 | 1.286  0.048  0.061  3.408 | 0.45:0.  NS. 0202 0402 0113 0461 | 0310. 0.231
$0.039  $0.043 0004  0.196 39 $0.312  $0.006 $0.034 $3.253 | 063 $0.051 $0.045 0078 $0.113 | 204

Iron (Fe) 7566 4758  28.998  21.860 | 1579+ 5178 | 24988 4250 0076  17.30 | 17.82:0  N.S. 53.13  37.76  6.761  1.057+0| 2471+ 24311
$0.078 0582 *2.878  #1.761 | 10.85 $7.862 #10.628 $0.032 +1674 | .64 +13.188 $6.871 #6117  .109 | 27.56

Calcium (Ca) 29568  7.640  68.328  77.499 | 4575+ 12512 | 8740 14204 42100+ 1361 | 71151 52747 | 2253 1446  28.38  48.05 | 30.8#1  13.477
+4.142 0492 45655  #4.371 | 3037 +18.623 +27.83 9120  3.49 1.30 5367 +2.962 4105 5003 | 5.08

Cadmium (cdy | 0020 ~ 0014 0016 0890 | 0.23:0. 0536 | 0.040 0.055  0.043  0.307 | 0.04:0.  NS. 1026 0.009  0.003  0.007 | 0.005:  N.S.
$0.010 0008 0.008  0.354 53 $0010 #0012 0015 +0.290 | 034 +10.263 $0.006 0.002 #0.003 | 0.007

Lead (Pb) BDL BDL BDL BDL BDL BDL BDL BDL BDL BL BDL BDL

Mercury (Hg) BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL

CD=Critical difference; BDL=below detection limi{.S= Non significant.




Table 29: Seasonal effect on the comparative condeations (pg/g) of the heavy metals in tissues ohé Schizothoraxniger
and Pomphorhynchus Kashmirensis collected from River Jhelum

Tissues
Adenoscolex oreini Liver Muscle’
Metals Autumn Winter Spring Summer Autumn Winter Spring Summer Autumn Winter Spring Summer
———————————————————————————————————— Overall co [TTTttrttoommommoo--------------d Overall cD Sm-s------------------------------- Overall cD
Mean Mean Mean Mean mean Mean Mean Mean Mean mean Mean Mean Mean Mean mean
*SD *SD *SD *SD *SD *SD *SD *SD *SD *SD *SD *SD
Copper (Cu) 0.008 0.055 0.067 1.476 0.40+0. 0.242 0.693 0.007 0.182 0.734 0.40+0. 0.352 0.932 0.642 0.060 1.608 0.8140. 0.144
Pp! +0.003 +0.017 +0.016 +0.158 65 +0.176 +0.004 +0.124 +0.088 083 +0.044 +0.067 +0.012 +0.050 58
Zinc (zn) 0.051 0.010 0.002 0.429 0.12+0. 0.083 0.961 0.855 0.320 0.258 0.63+0. 0.336 4.337+0 2.284 0.772 5.579 3.24+1. 1.597
+0.012 +0.004 +0.001 +0.054 19 +0.017 +0.184 +0.104 +0.068 03 .609 +0.502 +0.075 +0.698 84
Cobalt (Co) 0.014 0.375 0.014 0.029 0.10+0. 0.239 0.365 0.003 0.007 0.660 0.25+0. 0.076 0.047 0.164 0.001 0.795+0 | 0.25£0. 0.096
+0.003 +0.157 +0.004 +0.018 22 +0.038 +0.002 +0.005 +0.033 08 +0.006 +0.017 +0.000 .061 33
Nickel (Ni) 0.323 0.018 0.279 0.699 0.32+0. 0.147 0.356 0.584 0.002 0.820 0.44+0. 0.168 0.002 0.537 0.121 0.208 0.21+0. 0.126
+0.041 +0.006 +0.053 +0.070 26 +0.055 +0.065 +0.001 +0.071 12 +0.002 +0.080 +0.021 +0.008 22
0.480 0.237 2.808 0.335 0.96+1 0.394 0.372 0.071 0.060 1.519 0.50+0 0.191 0.062 1.540 0.002 0.054 0.41+0 0.040
Manganese (Mn) -20=L SOV A=Y
+0.026 +0.038 +0.254 +0.036 12 +0.036 +0.013 +0.013 +0.119 08 +0.011 +0.022 +0.002 +0.009 66
Chromium (Cr) 0.011 0.574 0.673 0.544 0.45+0. 0.231 0.310 0.066 0.005 0.383 0.19+0. 0.092 0.364 0.807 0.073 1.853 0.77+0. 0.111
+0.006 +0.075 +0.127 +0.041 30 +0.052 +0.011 +0.002 +0.029 11 +0.040 +0.046 +0.011 +0.038 69
Aluminum (Al) 0.294 0.694 0.326 0.512 0.45+0. 0.179 1.979 0.051 0.047 0.085 0.54+0. 0.020 0.584 0.723 0.382 1.230 0.72+0. 0.284
+0.019 +0.091 +0.046 +0.056 20 +0.011 +0.006 +0.003 +0.004 023 +0.079 +0.019 +0.086 +0.145 37
Iron (Fe) 5.855 2.253 27.690 20.908 1417+ 3.346 19.218 55.58 3.491 9.617 21.97+0 0.965 43.748 23.104 18.77+0 12.310 24.4+1 1.291
+0.201 +0.429 +1.943 +0.949 10.98 +0.279 +0.549 +0.115 +0.122 .62 +0.704 +0.338 .316 +0.141 2.10
. 37.576 6.804 76.292 84.174 51.21+ 8.077 66.988  18.932 0.934 33.316 30.0+1 1.108 22.690+ 9.760 5.438 16.480 13.59+ 0.832
Calcium (Ca) v e 9=
+3.647 +0.371 +3.333 +1.997 32.39 +0.465 +0.252 +0.040 +0.506 03 0.365 +0.333 +0.169 +0.172 6.75
Cadmium (Cd) 0.016 0.003 0.009 0.061+0. | 0.02+0. 0.022 0.002 0.003 0.003 0.264 0.06+0. 0.083 0.003 0.008 0.007 0.020 0.009+ N.S.
+0.006 +0.002 +0.003 013 02 +0.001 +0.002 +0.003 +0.055 002 +0.002 +0.004 +0.005 +0.009 0.012
Lead (Pb) BDL BDL BDL BDL BDL BDL BDL BDL BDL BL BDL BDL
Mercury (Hg) BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL

CD=Critical difference; BDL=below detection limi{.S= Non significant.
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Table 30:

without parasites collected from Dal Lake

Seasonal effect on the comparative condeations (pg/g) of the heavy metals in tissues ohé Schizothoraxniger

Tissues

Liver Muscle’
Metals _Autumn___ Winter ____Spring Summer Overall CAutumn Winter Spring____Summer__ Overall
Mean Mean Mean Mean mean CD Mean Mean Mean Mean mean CD
+SD +SD +SD +SD +SD +SD +SD +SD
Copper (Cu) 0.900 0.073 5.156 2.380 | 2.12+#1. 0.171 0.005 0.008 4.394 0.746 | 1.28+1. 0.196
+0.026 +0.009 0.072 +0.083 98 +0.002 £0.005 +0.126 *0.030 87
Zinc (zn) 0.898 0.260 2.152 1.229 | 1.13+0. 0.168 1.137 5.960 1.680 2439 | 2.80+1. 0.246
+0.041 +0.027 +0.061 +0.079 70 +0.052 +0.028 +0.044 +0.145 93
Cobalt (Co) 0.603 0.642 0.006 0.204 | 0.36x0. 0.053 0.505 0.545 0.055 0.007 | 0.2740. 0.064
+0.029 +0.013 +0.003 +0.014 27 +0.026 +£0.033 +0.008 +0.004 25
Nickel (Ni) 0.004 3.106 0.812 0.063 | 0.99+1. 0.143 | 0.325+0. 2.897 1.556 0.002 | 1.19+1. 0.308
+0.002 +0.071 +0.019 +0.059 29 167 +0.110 +0.039 +0.001 18
Manganese (Mn) 0.484 0.009 3.937 1.211 | 1.41+£1. 0.226 0.022 0.002 0.009+ 2.107 | 0.53+0. 0.098
+0.039 +0.007 0.125 +0.073 56 +0.010 £0.001 0.004 +0.064 93
Chromium (Cr) 0.054 0.003 0.006 0.001 | 0.01+0. 0.024 0.365 0.003 0.005 0.004 | 0.09+0. 0.246
+0.015 +0.002 +0.004 +0.001 02 +0.163 +0.001 +0.002 +0.003 23
Aluminum (Al) 3.082 2.283 1.143 1.344 | 1.96£0. N.S. | 1.334+£0. 0.478 0.026 1.391 | 0.80+0. 0.237
+0.052 +0.174 +112.4 +0.184 89 098 +0.046 +0.024 +0.112 61
Iron (Fe) 17.197 21.25 44.430 25.884 | 28.08+ 13.308 6.140 35.52 10.88 25.85 | 19.60+ 1.690
+3.922 0.708 +£5.315 +5.775 12.7 +0.085 +0.465 +0.608 +0.810| 12.08
Calcium (Ca) 4.245 1.423 6.388 0.240 | 2.10+£3. N.S. 14.84 2.400 31.55 29.46 | 19.56+ 2.698
+3.801 +0.215 +2.134 +0.237 40 +0.366 +0.118 +1.652 +0.553 | 12.26
Cadmium (Cd) 0.133 3.720 1.553 7.560 | 3.65+3. 3.085 0.188 0.025 1.622 2.243 | 1.01+£0. 0.210
+0.034 +0.696 0.756 £1.762 63 +0.017 £0.011 0.114 0.077 97
Lead (Pb) BDL BDL BDL BDL BDL BDL BDL BDL
Mercury (Hg) BDL BDL BDL BDL BDL BDL BDL BDL

CD=Critical difference; BDL=below detection limii{.S= Non significant.
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Table 31:

without parasites collected from River Jhelum

Seasonal effect on the comparative condeations (pg/g) of the heavy metals in tissues ohé Schizothoraxniger

Tissues

Liver Muscle’
Metals _Autumn___ Winter____Spring____ Summer_ Overall _Autumn__ Winter Spring____Summer__ Overall
Mean Mean Mean Mean mean CD Mean Mean Mean Mean mean CD
+SD +SD +SD +*SD +SD +SD +SD +SD
Copper (Cu) 0.191 5.779 2.823 0.954 | 2.47+2. 2.646 0.323 0.002 2.482 0.284 | 0.77+1. 0.276
+0.048 +1.390 +1.044 +0.196 81 +0.165 +0.002 +0.072 +0.028 037
Zinc (zn) 2.126 2.522 0.470 1.031 | 1.56+1. 0.993 | 1.355+0. 5.670+ 1.290 4.614 | 3.23+2. 0.383
+0.355 +0.135 +0.468 +0.261 06 070 0.109 +0.178 £0.125 01
Cobalt (Co) 0.590 0.140 0.011 0.146 | 0.17+0. 0.271 0.572 0.002 0.001+ 0.235 | 0.20+0. 0.163
+0.159 +0.074 +0.008 +0.037 16 +0.107 +0.001 0.001 +0.016 26
Nickel (Ni) 0.593 0.713 0.763 0.143 | 0.54+0. 0.290 0.126  3.917 0.921 0.003 | 1.24+1. 0.118
+0.109 +0.072 0.017 +0.139 33 +0.011 +0.064 +0.043 =0.002 62
Manganese (Mn) 0.383 1.322 0.818 0.637 | 0.81+0. 0.467 0.062 3.398 2.785 0.279 | 1.63x1. 0.294
+0.098 +0.246 +0.155 +0.039 44 +0.007 #0.146 +0.126 +0.022 53
Chromium (Cr) 0.372 0.109 0.004 0.006 | 0.09+0. 0.183 0.1712 2.701+ 0.003 0.264 | 0.78x1. 0.180
+0.053 +0.108 +0.002 +0.005 17 +0.009 0.116 +0.002 +0.022 14
Aluminum (Al) 1.824 0.402 0.590 9.362 | 3.62+4. 3.426 1.369 0.013 0.222+ 34.066 | 8.91+1 1.514
+0.458 +0.399 +0.148 +£2.178 76 +0.094 +0.007 0.031 *0.997 4.94
Iron (Fe) 20.43 9.654 38.24 25.39 | 23.90+ 15.108| 5.339+0. 7.480 30.890 7.319 | 12.75+ 1.084
+2.278 +3.540 +7.916 4.412 14.4 116 +0.109 +0.684 +0.145 10.80
Calcium (Ca) 4,798 1.912 37.42 34.61 | 20.2+1 15.156 17.702 6.338 36.998 53.216 | 28.56+ 1.879
+4.056 +0.367 8.839 +£2.401 9.90 +0.307 £0.328 +0.263 £1.129| 18.47
Cadmium (Cd) 6.590 0.250 0.058 0.750 | 0.35%0. N.S 0.164 0.001+ 0.000+ 0.414 | 0.14+0. 0.075
+6.320 +0.018 +0.054 +0.189 34 +0.011 0.001 0.000 +0.048 180
Lead (Pb) BDL BDL BDL BDL BDL BDL BDL BDL
Mercury (Hg) BDL BDL BDL BDL BDL BDL BDL BDL

CD=Critical difference; BDL=below detection limi§.S= Non significant.




Aluminum was seen infish muscle (2.92+2.80 pg/gyrenfollowed by
Adenoscolex2.82+3.95 pg/g) and fish liver (2.21+0.21 pg/g).

The highest concentration of iron was seen inlfiiggr(33.7+2.21 pg/g)
followed by fish muscle (29.36+28.6 ug/g) alhdenoscolex5.09+2.93 ug/g).

Calcium was more infish muscle (28.84+28.4 ug/gjlofved by
Adenoscolex18.38+14.47 pg/g) and fish liver (10.15+0.19 pPg/g

Cadmium was seen high infish liver (1.13+0.027gxdollowed by fish
muscle (0.78+£1.43 pg/g) ardlenoscolex0.02+0.026 ug/g).
4.4.2 Seasonal effect on the comparative concenti@is of the heavy

metals in tissues of theSchizothoraxniger and Adenoscolex oreini
collected from River Jhelum (Table 25)

The highest concentration of copper was seekdienoscolex0.98+1.48
pg/g) followed by fish muscle (0.86+1.42 pg/g) disth liver (0.83+0.060 pg/g).

Zinc was seen more iAdenoscoleX6.15+9.92 ug/g) followed by fish
muscle (1.49£1.00 pg/g) and fish liver (1.07+0.Q&g).

The highest concentration of cobalt was seeAdanoscolex0.22+0.24
ng/g) followed by fish liver (0.28+0.031 pg/g) afish muscle (0.15+0.19 pg/g).

Nickel was seen infish liver (0.33£0.04 pg/g) mdodowed by fish
muscle (0.80+£0.95 pg/g) ardlenoscolex0.28+0.28 ug/g).

Highest concentration of manganese was sedal@moscolex6.74+8.20
pg/g) followed by fish liver (0.57+£0.026 pg/g) afish muscle (0.30+0.24 pg/g).

Chromium was seen more AdenoscoleX11.17+19.85 pg/g) followed
by fish muscle (0.82+0.84 pg/g) and fish liver @:0.037 pg/g).

Aluminum was seen idenoscoleX6.62+10.61 ug/g) more than fish
muscle (4.47+£7.42 pg/g) and fish liver (1.68+0.132g).

Iron was seen inmore iAdenoscolexX17.12+10.35 pg/g) followed by
fish liver (11.05+0.08 pg/g) and fish muscle (9.84&6 1g/g).



The highest concentration of calcium was seeshnliver (35.84+0.073
ung/g) followed by fish muscle (28.85+30.32 pg/gil &udenoscolex28.08+30.62
Hg/g).

Cadmium was seen high ikdenoscoleX0.20+0.24 ug/g) followed by
fish liver (0.19+0.012 pg/g) and fish muscle (0.Q2F7 ug/g).

4.4.3 Seasonal effect on the comparative concenti@is of the heavy
metals in tissues of the  Schizothoraxniger and
Bothriocephalusacheilognathi collected from Dal Lake (Table 26)

The highest concentration of copper was seenhirifieer (4.27+0.20
ug/g) followed byBothriocephalug0.72+0.48 pg/g) and fish muscles (0.21+£0.36

Ha/g).

Zinc was seen more infish muscles (5.68+£3.10 udddipwed by
Bothriocephalug4.34+3.23 pg/g) and fish liver (3.76+0.084 pg/g).

Cobalt was seen more infish liver (0.005+0.009 ghdbllowed by
Bothriocephalug0.017+0.02 pg/g) and fish muscle (0.04+0.079 ug/g

Nickel was seen Bothriocephalu.321+0.32 pg/g) followed by fish
muscle (0.22+0.21 pg/g) and fish liver (0.18+0.@gg).

Manganese was seen morBathriocephalug3.27+1.78 pg/g) followed
by fish liver (1.03+£0.14 pg/g) and fish muscle (@Q.21 pg/g).

The highest concentration of chromium was sedBotimriocephalus
(1.80+2.50 pg/g) followed by fish muscle (0.30+0.4%/g) and fish liver
(0.08+0.00 pg/g).

Aluminum was seen moreBothriocephalug6.55+6.88 g/g) followed
by fish muscle (2.99+2.97 pg/g) and fish liver @£@.04 ug/g).

Iron was seen more infish muscle (27.51+23.3 pégtipwed by fish
liver (25.83+3.56 pg/g) andothriocephalug25.88+21.31 pg/g).

The highest concentration of calcium was seen

114



inBothriocephalu@0.63+19.62 pg/g) followed by fish muscle (13.6944
pa/g) and fish liver (12.10+£0.51 pg/g).

Cadmium was seen high infish liver (0.10+£0.09 dd&dlowed by fish
muscle (0.10£0.10 pg/g) ambthriocephalug0.06£0.16 ug/g).

4.4.4 Seasonal effect on the comparative concenti@is of the heavy
metals in tissues of theSchizothoraxniger and Bothriocephalus
acheilognathi collected from River Jhelum (Table 27)

The highest concentration of copper was seenhirfieer (3.29£0.11
ng/g) followed byBothriocephalug1.25+1.61 pg/g) and fish muscle (0.02+0.029

Ha/9).
Zinc was seen infish liver (18.90+0.66 pg/g) fated by fish muscle
(3.93+3.08 pg/g) anBothriocephalug3.05+2.38 ug/qg).

Cobalt was seen Bothriocephalus(0.13+£0.22 pg/g) followed by fish
muscle (0.01+0.031 pg/g) and fish liver (0.002+Q@.Q@/q).

Nickel was seen more Bothriocephalug0.44+0.33 ug/g) followed by
fish muscle (0.21+0.21 pg/g) and fish liver (0.130ug/g).

Manganese was seen morBathriocephalug1.19+1.39 ug/g) followed
by fish liver (0.62+0.11 pg/g) and fish muscle @Q.23 ug/g).

Chromium was seen moreBathriocephalug1.16+1.63 pg/g) followed
by fish muscle (0.31+0.20 pg/g) and fish liver (G:0.006 pg/g).

Aluminum was seen moreBwothriocephalug1.59+2.06 pg/g) followed
by fish muscle (1.44+1.17 pg/g) and fish liver @Q0.059 pg/g).

The highest concentration of iron was seen infiigér (22.4+1.15 pg/qg)
followed by fish muscle (14.9+17.16 pg/g) ambthriocephalus(6.87+6.51
Hg/g).

Calcium was seen more infish muscle (15.74+23.@&yufollowed by
fish liver (9.02+0.32 ug/g) anBothriocephalug5.73+£8.79 pg/g).



The highest concentration of Cadmium was sedotimiocephalus
(0.13+£0.11 pg/g) followed by fish muscle (0.006880ug/g) and fish liver
(0.003+0.004 ng/9).

445 Seasonal effect on the comparative concertims of the heavy
metals in tissues of theSchizothoraxniger and Pomphorhynchus
Kashmirensis collected from Dal Lake (Table 28)

The highest concentration of copper was seenhinfisiscle (1.07+1.30
ng/g) followed byPomphorhynchu$0.71+1.04 pg/g) and fish liver (0.44+0.029
Hg/g).

Zinc was seen more infish muscle (1.85x0.45 udatipwed by fish
liver (0.75+0.060 pg/g) andomphorhynchuf0.45+0.19 pg/qg).

Cobalt was seen more infish liver (0.24+0.099 pgfgllowed by
Pomphorhynchug0.18+0.23 pg/g) and fish muscle (0.051+0.065 ug/g

Nickel was seen more Bomphorhynchu$0.46+0.45 ug/g) followed by
fish liver (0.31+0.05 pg/g) and fish muscle (0.1880ug/g).

The highest concentration of manganese was sd@mmiphorhynchus
(1.59+1.88 ug/g) followed by fish muscle (0.68+@6849/g) and fish liver
(0.40+0.02 pg/qg).

Chromium was seen more infish muscle (2.86x4.8@)ufpllowed by
Pomphorhynchug0.80+0.86 pg/g) and fish liver (0.21+0.017 pg/g).

Aluminum was seen more infish liver (0.45+0.063/g)dfollowed by
Pomphorhynchu0.45+0.39 ug/g) and fish muscle (0.31+0.204 ug/g)

The highest concentration of iron was seen infisrscle (24.71+27.56
png/g) followed by fish liver (17.82+0.64 pg/g) an&omphorhynchus
(15.79+10.85 pg/qg).

Concentration of calcium was more infish liver ([A+11.30 pg/g)
followed by Pomphorhynchug45.75+30.37 pg/g) and fish muscle (30.8£15.08

Hg/g).
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Cadmium was more Romphorhynchug0.23+0.53 pg/g) followed by
fish liver (0.04+0.034 ng/g) and fish muscle (0.80%07 ug/g).
4.4.6 Seasonal effect on the comparative concenfi@is of the heavy

metals in tissues of theSchizothoraxniger and Pomphorhynchus
Kashmirenss collected from River Jhelum (Table 29)

The highest concentration of copper was seenhinfisiscle (0.81+0.58
ung/g) followed byPomphorhynchu$0.40+0.65 pg/g) and fish liver (0.40+0.083
Hg/g).

Concentration of zinc was more seen infish mug8l@4+1.84 ug/qg)
followed by fish liver (0.63+£0.03 pg/g) ambmphorhynchu§).12+0.19 ug/g).

Cobalt was seen more infish liver (0.25+0.08 pdtlowed by fish
muscle (0.25£0.33 pg/g) ambmphorhynchu§).10+0.22 ug/qg).

The highest concentration of nickel was seen hinfiger (0.44+0.12
ug/g) followed byPomphorhynchug§0.32+0.26 pg/g) and fish muscle (0.21+0.22
Hg/g).

Manganese was seen morePamphorhynchus(0.96+1.12 ug/g)

followed by fish liver (0.50+£0.08 pug/g) and fish sole (0.41+0.66 ug/g).

Chromium was seen more infish muscle (0.77x0.6&)ufpllowed by
Pomphorhynchuf0.45+0.30 pg/g) and fish liver (0.19+0.11 pg/g).

Aluminum was seen more infish muscle (0.72+0.37gupllowed by
fish liver (0.54+0.023 ug/g) arfdomphorhynchuf0.45+0.20 pg/g).

Iron was seen more infish muscle (24.4+12.10 ptgtpwed by fish
liver (21.97+0.62 pg/g) andomphorhynchugl4.17+10.98 pg/g).

The highest concentration of calcium was seeRomphorhynchus
(51.21+32.39 pg/g) followed by fish liver (30.0+3.Qug/g) and fish muscle
(13.5946.75 pg/qg).

Cadmium was seen more infish liver (0.06+0.002gudollowed by



Pomphorhynchuf0.02+0.02 pg/g) and fish muscle (0.009+0.012 ug/g

4.4.7 Seasonal effect on the comparative concenti@is of the heavy
metals in tissues of theSchizothoraxniger without parasite from Dal
Lake (Table 30)

Copper (1.28+1.87 pg/g), zinc (2.80£1.93 pug/gdkei (1.19+£1.18 ug/g),
chromium (0.09£0.23 pg/g) and calcium (19.56£12u2%g) were high in muscle
than the respective liver 2.12+1.98 pg/g, 1.13x0p@g, 0.99+1.29 ug/g,
0.01+0.02 pg/g and 2.10+3.40 pg/g of Behizothorax niger On the other hand
cobalt, manganese, aluminum, iron and cadmium dewadre 0.36+0.27 pg/g,
1.41+1.56 pg/g, 1.96+0.89 pg/g, 28.08+12.7 ug/gl a8r65+3.63 g/g which
were higher in liver than their respective musdsue 0.27+0.25 pg/g, 0.53+0.93
Kg/g, 0.80+£0.61 pg/g, 19.60+£12.08 pug/g and 1.0IA0§g.

4.4.8 Seasonal effect on the comparative concenfi@is of the heavy

metals in tissues of theSchizothoraxniger without parasite from
River Jhelum (Table 31)

Copper (2.47+2.81 pg/g), chromium (0.09+£0.17 pgigon (23.90+14.4
png/g) and cadmium (0.35+£0.34 pg/g) were high irerbvthan the respective
muscles 0.77+1.037 ug/g, 0.78+1.14 ug/g, 12.758108g, 0.14+0.180 pg/g of
the Schizothorax nigerOn the other hand muscle tissues were having leigs
of zinc (3.23+2.01 pg/g), cobalt (0.20+0.26 pg/g)ckel (1.24+1.62 pg/g),
manganese (1.63+1.53 pg/g), aluminum (8.91+14.94g)u@nd calcium
(28.56+18.47 ug/g) than livers 1.56+£1.06 ug/g, 876 pg/g, 0.54+0.33
1g/g,0.81+£0.44 pg/g, 3.62+4.76 pg/g and 20.2+12.&§Q respectively.

4.5 Minimum and maximum concentration recorded inDal Lake and

River Jhelum in fish muscle during different seasonn the infected
fishes for various metals viz-a-viz recommended lels(Table 23)

In Dal Lake the maximum concentration of coppeR%lug/g), zinc
(5.69 ug/g), iron (29.3 pg/g) in the muscles oéatéd fishes were still lower than
the maximum limit recommended by WHO/FEPA/IAEA-4@hereas on the
other the concentration of nickel (0.80 ug/g), garese (1.69 pg/g), cadmium
(0.78 pg/g) and chromium (2.86 pg/g) were highantkthe permissible limits.
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However, with regard to cobalt (0.38 pg/g), alummm(2.99 pg/g) and calcium
(30.8 ng/g) the reference values for permissilohgt hvere not available.

In River Jhelum the maximum concentration of nick@80 pg/g),
manganese (0.41 pg/g), cadmium (0.19 pg/g) andngbro (0.82 pg/g) were
higher than the permissible limits. Whereas on dabieer the concentration of
copper (0.86 ug/g), zinc (3.93 ug/g), iron (24.4gxdgn the muscles of infected
fishes were still lower than the Maximum Limit reecmended by
WHO/FEPA/IAEA-407. However, with regard to cobalt.Z5 pg/g), aluminum
(4.47 pg/g) and calcium (28.8 ug/g) the referenakies for permissible limit
were not available.

4.6 Correlation studies

The correlation tables are presented in Tables9b t{Appendices).

4.6.1 Correlation among metal concentrations of wat, fish tissues, and
parasites, and physicochemical parameters of Dal ka

During summer Al and Cu concentrations in livefshe fishes, infected
with Adenoscolerevealed negative correlation (p<0.05, r=-0.922 p«d.05, r=-
0.930) respectively, with water. Al and Cr concatitms in livers of fishes,
infected withBothriocephalusshowed negative correlation (p<0.01, r=-0.973 and
p<0.05, r=-0.900) respectively. Cd concentratiomunscle of fishes infected with
Bothriocephaluswas found negatively correlated (p<0.05, r=-0.9%b)water

levels.

Water temperature depicted significant positivaralation with Al
concentration (p<0.05, r= 0.927) and Ca concewpta(p<0.05, r= 0.957) in
water. Free carbon dioxide seems to be positivetyretated with Fe
concentrations (p<0.05, r= 0.914) and negativelyrwissolved oxygen (p<0.05,
r=-0.953) and pH (p<0.05, r=-0.905). Free carbaxidie had positive correlation
with Zn concentration (p<0.05, r = 0.885).

Cu concentration inrPomphorhynchusvas foundpositively correlated



with temperature (p<0.05, r = 0.949). Fe conceiatnain liver of fishes infected
with Pomphorhynchusvas positively correlated with temperature (p<0.64,
0.988). Cd concentration in the liver infected wlRbmphorhynchusvas found
positively correlated with, dissolved oxygen (p<).6= 0.883) and free carbon
dioxide (p<0.05, r=0.902).

During spring Cu concentration iPomphorhynchusas negatively
correlated (p<0.05, r =-0.897) with water leveBothriocephalushadshown
negative correlation with Ni concentration of watg<0.01, r=-0.995). Mn
concentration in liver of fishes infected withdenoscolexshowed negative
correlation (p<0.05, r=-0.890) with water levelst €ncentration in liver of
fishes infected withBothriocephalusshowed negative correlation (p<0.05, r=-
0.947) with water. Fe concentration @{denoscolexwas found negatively
correlated with water level (p<0.05, r=-0.929). Concentration had positive
correlation in the muscle tissue of fishes infeateth Pomphorhynchu§<0.05,
r=0.958).

pH showed negative correlation with Cu concemmat(p<0.05,r=-
0.933) whereas water temperature was positivelyretagsed with Mn
concentration (p<0.05, r=0.879) of water. Dissolegggen was found positively
correlated with Al concentration of water (p<0.85,0.939). Free carbon dioxide
depicted positive correlation with Cd concentrat{pr0.05, r= 0.918) in water

levels.

Cu concentration in Liver of fishes infected wilenoscolexvas found
to be positively correlated with temperature (p$0.0 = 0.916) whereas
Pomphorhynchusvith pH (p<0.05, r = 0.883) of water. Zn concentmatin
Bothriocephalushowedpositive correlation with pH (p<0.05, r =868 of water.
Mn concentration in Liver of fish infected withdenoscolexvas found positively
correlated with pH (p<0.01, r=0.885) of water. Miestissue of uninfected fish
had positive correlation with free carbon dioxidp<@.05, r=0.892). Cr

concentration irPomphorhynchushowed positive correltion withpH (p<0.01, r=
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0.970). Al concentration in Liver of fish infectadth Bothriocephalusshowed
positive correlation with free carbon dioxide (p&D. r=-0.973). Ca concentration
in liver infected withPomphorhynchwsas positively correlated with pH (p<0.01,
r=0.961)

During autumn Zn concentration in liver of fishasfected with
Adenoscolexandmuscle of fishes infected witlBothriocephalus revealed
significant negative correlation (p<0.05, r =-0.94nd p<0.05, r =-0.958)
respectively,with water. Ni concentration in musaé fishes infected with
Bothriocephaluswas observed to have a high positive significantretation
(p<0.01, r=0.991)with water. Cr concentration ingtle of fishes infected with
Bothriocephalusshowed positive correlation (p<0.01, r= 0.991)hwitater. Ca
concentration was negatively correlated with livefr fishes infected with
Pomphorhynchugp<0.05, r=-0.949) and Cd concentration was fouedatively
correlated with muscle of fishes infected wgbthriocephalugp<0.05, r=-0.893)

in water.

Water temperature had positive correlation with Zoncentration
(p<0.01, r = 0.982) and negative correlation with doncentration (p<0.05, r=-
0.952), Ca concentration (p<0.05, r=-0.936) andcGdcentration (p<0.05, r=-
0.902)in water levels also, free carbon dioxide pasitively correlated with Cd

concentration (p<0.05, r=0.911).

Cu concentration irAdenoscolexarasite revealed significant positive
correlation (p<0.05, r = 0.909) with water temperat Zn concentration in the
muscle tissue of fish infected wiBothriocephalusvas positively correlated with
temperature (p<0.05, r = 0.929). Co concentratiorthie liver infected with
Pomphorhynchuslepicted positive correlation with free carbon diilex(p<0.05,
r=0.893). Ni concentration in liver of uninfectedH was positively correlated
with free carbon dioxide (p<0.05, r=0.936). Mn centration inPomphorhynchus
depicted significant positive correlation with fremarbon dioxide (p<0.05,

r=0.938) and the liver of same fish infected wiRbmphorhynchufadpositive
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correlation with muscle tissue (p<0.01, r=0.892%. doncentration in the liver
infected withPomphorhynchushowed positive correlation with pH (p<0.01, r=
0.976). Ca concentration in muscle tissue infeateth Pomphorhynchwgas
positively correlated with temperature (p<0.05,0:891) and pH (p<0.05, r=-
0.931). Cd concentration in the muscle tissue tefécwith Bothriocephalus
showed positive correlation with temperature (pS01& 0.943) and pH (p<0.05,
r=0.923).

During winter Co concentration in muscle tissuefisies infected with
Adenoscolexdepicted significant positive correlation (p<0.050.909) with
water. Positive correlation existed between theddncentration of liver of fishes
infected with Pomphorhynchusand water (p<0.01, r=0.977) and negative
correlation between liver of fish infected withomphorhynchusand water
(p<0.05, r=-0.937). Zn concentration in liver ofsHes infected with
Pomphorhynchusvas negatively correlated (p<0.05, r =-0.890) witater. Al
concentration had positive correlation between teusé fishes infected with

Pomphorhynchu§p<0.05, r= 0.939) and water levels.

Water temperature depicted positive correlatiothwiiln concentration
(p<0.01, r=0.972) in water. Free carbon dioxide Wasd positively correlated

with Zn concentration (p<0.05, r = 0.885) in water.

Zn concentration found in liver infected witBothriocephalushad
positive correlationwith pH (p<0.05, r = 0.952). Ntoncentration in
Pomphorhynchusdepicted significant positive correlation with drecarbon
dioxide (p<0.05, r=0.889). Mn concentration in Livef fish, infected with
Bothriocephalusdepicted significant positive correlation with disseed oxygen
(p<0.05, r=0.883) and pH (p<0.01, r=0.997) of wataver of fish, infected with
Pomphorhynchuswas positivelycorrelated with temperature (p<0.640.968)
and dissolved oxygen (p<0.05, r=0.924). Cr conegioin in Muscle tissue of fish,
infected withBothriocephaluswas positively correlated (p<0.05, r= 0.938) with
water temperature. Fe concentration in Liver ofhds infected with



Pomphorhynchushowed strong positive correlation withtemperature0.980),
dissolved oxygen (r= 0.967) and pH(r= 0.904).Caceotration inAdenoscolex
was positively correlated with pH (p<0.05, r=-0.939d concentration in Muscle
tissue of fishes infected witRomphorhynchuslepictedpositive correlation with
dissolved oxygen (p<0.05, r=0.902).
4.6.2 Correlation among metal concentrations of wat, fish tissues, and

parasites, and physicochemical parameters of Rivelhelum

During summer Cu concentration in muscle of fishefected with
Bothriocephalusshowed positive correlation (p<0.05, r= 0.933)hwitater. Zn
concentration oAdenoscolexvas found negatively correlated (p<0.05, r=-0.992)
with water. Mn concentration in liver of fishes ested withPomphorhynchus
showed positive correlation (p<0.05, r= 0.939) withter. Cr concentration in
muscle of fishes infected witAdenoscolexshowed positive correlation (p<0.05,
r=0.957) with water. Al concentration in liver fi§hes infected wittAdenoscolex

was found negatively correlated (p<0.05, r=-0.908h water levels.

Water temperature was found positively correlatedth Mn
concentration (p<0.05, r= 0.940) and Cr concemmatjp<0.01, r= 0.982) of
water. Dissolved @showed positive correlation with Zn concentrat{pr0.05,
r= 0.924) of water. Free GOshowed positive correlation Cu concentration
(p<0.05, r= 0.939), Mn concentration (p<0.05, r91®) and Al concentration
(p<0.01, r=0.960) of water.

Cu concentration inAdenoscolexwas foundpositivelycorrelated with
dissolved oxygen (p<0.01, r= 0.970). Co concerdmain tissue infected with
Adenoscoleshowed positive correlation with temperature (p20r& 0.968) and
tissue infectedPomphorhynchusshowed positive correlation with dissolved
oxygen(p<0.01, r= 0.966). Mn concentration in Livanfected with
Pomphorhynchushowed positive correlation with temperature (p80r=0.902).
Cr concentration in tissue infectedwitAdenoscolexwas found positively

correlated with temperature (p<0.05, r= 0.918) amdsue infected



withBothriocephalus showed positive correlation with free carbon diexid
(p<0.05,r=-0.911). Fe concentration Bothriocephalusdepicted positive with
dissolved oxygen (p<0.05, r= 0.907). Cd concermatiin Adenoscolex

showedpositive correlation with temperature (p<Qr810.951).

During spring Zn concentration in the liver of Hes infected with
Pomphorhynchugas negatively correlated (p<0.05, r =-0.957) withter and
muscle of fishes infected witBothriocephalusvas positively correlated (p<0.05,
r= 0.924) with water. Co concentration in the livef fishes infected with
Bothriocephalus depictedpositive correlation (p<0.01, r=0.968) withater.
Muscle of fishes infected withAdenoscolex (p<0.05, r=-0.983) and
Bothriocephalugp<0.05, r= 0.935) showed negative correlatiorhwitater. Ca
concentration of muscles of fishes infected wlbthriocephaluswas found
positively correlated (p<0.05, r= 0.888) and alst €dncentration of liver of
fishes infected witiPomphorhynchubsad positive correlation (p<0.01, r= 0.988)

with water levels.

Water temperature was found negatively correlateith Zn
concentration (p<0.05, r =-0.946) and showed pasitcorrelation with Ni
concentration (p<0.01, r=0.963) in water. Dissol¥&tvas negatively correlated
with Cu concentration (p<0.05, r =-0.928) and Alncentration (p<0.05, r=-
0.907) of water.

Cu concentration iddenoscolexvas foundpositively correlated with pH
(p<0.05, r= 948). Zn concentration in Liver infettevith Pomphorhynchus
showed positive correlation with temperature (p20.0r= 0.984). Co
concentration in Liver infected witRomphorhynchusvas negatively correlated

with dissolved oxygen (p<0.05, r=-0.916).

During autumn Ca concentration of liver of fishedected with
Bothriocephaluswas negatively correlated (p<0.01, r=-0.974) withtev. Al

concentration ofPomphorhynchusad positive correlation (p<0.05, r= 0.933)
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with water. The concentration in the liver of fishanfected with
Pomphorhynchuswas negatively correlated (p<0.01, r=-0.961) withtey. Mn
concentration in muscle tissue of fishes infecteith wBothriocephalushad
positive correlation (p<0.01, r= 0.986) with wate€Cu concentration of

Pomphorhynchubad negative correlation (p<0.01, r=-0.886) withtaev.

Water temperature showed positive correlation vidth concentration
(p<0.01, r= 0.972) and negative correlation with Boncentration (p<0.01, r=-
0.978), Al concentration (p<0.05, r=-0.945), Caaanmtration (p<0.05, r=-0.942).
Dissolved Qdepicted negative correlation with Zn concentrat{pr0.05, r=-
0.948), Co concentration (p<0.05, r=-0.897), Mn camiration (p<0.01, r=-
0.971), Al concentration (p<0.05, r=-0.945) and €mcentration (p<0.05, r=-
0.885).

Cu concentration in Liver infected withBothriocephalus and
Adenoscolexvas found positively correlated with pH (p<0.0%,0.969) (p<0.05,
r=0.929), respectively. Co concentration in Liwgfiected withBothriocephalus
(p<0.05, r= 0.968) showed positively significantretation with pH (p<0.05, r=
0.919). Ni concentration in Liver infected wiBothriocephalushowed negative
correlation with temperature (p<0.05, r=-0.914) dms$olved oxygen (p<0.05,r=-
0.896). Mn concentration iPomphorhynchusvas found positively correlated
with pH (p<0.01, r= 0.923). Cr concentration Bothriocephaluswas found
positively correlated with pH (p<0.05, r= 0.880)! Aoncentration in tissue
infected with Bothriocephalusshowed positive correlation with pH (p<0.05, r=
0.941). Fe concentration iBothriocephalusdepicted positive correlation with

dissolved oxygen (p<0.05, r= 0.950).

During winter Al concentration in liver of fishemfected with
Bothriocephaluswas positively correlated (p<0.05, r = 0.936) witlater. Cd
concentration in muscle tissue of fish infected hwRomphorhynchuswvas
positively correlated (p<0.05, r = 0.898) and Cnaentration depicted positive
correlation ofPomphorhynchu§<0.05, r = 0.908) with water.



Water temperature was found positively correlatedth Mn
concentration (p<0.05, r= 0.918) and negativelyhwita concentration (p<0.05,
r=-0.921). Free C¢had been positively correlated with Co concentra{m<0.05,
r=0.886).

Cu concentration in Liver infected witBothriocephalusvaspositively
correlated with dissolved oxygen (p<0.01, r= 0.98R)ver infected with
Pomphorhynchushowed positive correlation with pH (p<0.05, r8®%) and
Pomphorhynchusvas found positively correlated with pH (p<0.05,0:8919). Zn
concentration in Liver infected wittAdenoscolexwas positively correlated
withdissolved oxygen (p<0.01, r= 0.961). Co congdidn tissue infected with
Bothriocephalusshowed positive correlation with pH (p<0.05, r€24). Ni
concentration in tissue infected withomphorhynchusvas found positively
correlated with free carbon dioxide (p<0.05, r=/8) Mn concentration in tissue
infected withPomphorhynchusvas found positively correlated with temperature
(p<0.01, r=0.960).

4.7 Histopathology of parasitic infections ofschizothorax niger
4.7.1  Pomphorhynchus kashmirensisinfection:

Clinically the fishes showed grayish or yellowisliscoloration with
various degrees of emaciation (Fig. 38). Viscerkéa reddish pink on opening
the abdomen (Fig. 39). The intestines containe@ésstze mucous production and
the acanthocephalan parasites had pierced thetimatesvall and were firmly
attached (Fig. 40). Numerous acanthocephalan pesasere recovered from the
intestine (Fig. 41). Liver was friable and compeely pale in colour. The
intensity of histopathological lesions varied irrivas seasons with the level of

parasitic infections.
4.7.1.1 Spring

Intestine: Both lamina epithelia and lamina propria showediltiation of

inflammatory cells (Fig 42). The proboscis of thlomphorhynchuswas
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embedded in the intestinal mucosa surrounded byhibkened connective tissue
capsule infiltrated with inflammatory cells (Fig)4&oblet cells hyperplasia was
seen in lamina epithelia while eosinophilic granakdls were seen in lamina
propria. Desquamation of epithelial cells was se@ublet cells revealed

positivity of acid mucopolysaccharides (Fig 44).

Liver: Revealed cellular swelling, vacuolar degeneratiod auclear pyknosis
(Fig. 45).

4.7.1.2 Summer

Intestine: Severe enteritis was seen characterized by atfitn of inflammatory
cells in lamina propria and desquamated laminahelutis (Fig 46). The
inflammation had extended the muscular tunic of theestine (Fig 47).
Sometimes the desquamation was so acute thatliheere completely denuded.

Acid mucopolysaccharide was seen in the disruptddieg cells (Fig 48).

Liver: Cells revealed swelling, vacuolar degenerationlamffer cell hyperplasia
(Fig. 49).

4.7.1.3 Autumn

Intestine: Severe enteritis was evident characterized nafitin of inflammatory
cells in lamina propria and severe desquamatiolamfna epithelium (Fig 50).
Eosinophillic granulocytes were seen in lamina peoffFig 51). Blood capillaries
revealed congestion. Goblet cells revealed hypsiplavith presence of acid

mucopolysaccharide (Fig 52).

Liver: It continued to reveal cellular swelling vacuoldegeneration and

congestion (Fig. 53).
4.7.1.4 Winter

Intestine:Pomphorhynchuafection mostly coexisted witAdenoscolexnfection
during winters (Fig 54). The lamina epithelium wseverely desquamated and

there were heavy infiltration of inflammatory ceN4lli were sometimes



Pomphorhynchus kashmirensisinfection in Schizothorax niger

Fig. 38: S. nigerrevealing gray aridFig 39:S. nigerrévéalin reddish pink
yellow discolouration of skin. discoloration of abdominal viscera.

Fig. 40: Intestinal contents showingrig. 41:Pomphorynchusecovered from
excessive mucous productionhe intestine of. niger.
Pomphorynchushad penetrated the

wall of intestine which was reddish in

colour



Spring season

F|g 42. Both Iamma eplthellahs andFlg 434Sect|on of presoma mserted into
lamina propria showed infiltration ofthe intestinal was surrounded by
inflammatory cellsH & E X 35. connective tissue capsuld.& E X 18.

Fig 44. Goblet cell hyperplasia with Fig 45 Liver showed cellular swelling,
positivity of acid vacuolar degeneration and nuclear
mucopolysaccharideslcian blue pyknosisH & E X 61.

PAS staining X 33.



Summer season

Fig 46 Severe enteritis characterized Fig 47  The inflammation ha
infiltration of inflammatory cells ir extended the muscular tunic of {
lamina propria and desquamated larnr intestineH & E X 35.

epithelialis.H & E X 30.

4

Fig 48 Acid polysaccharide Wi F'i‘gg‘ Liver cells ‘.
seen in the disrupted goblet ceAlcian vacuolardegeneration and kupffer ci
blue PAS stainingX 65. hyperplasia (arrowii & E X 160.



Autumn season

-+

A ¥ TN AENAN e e N AT T S
Fig 50. Intestine:Severe eteritis and Fig 51. Intestine: severe desquamat
severe desquamation of lamina of lamina epithelialisH & E X 56.
epithelialis. Eosinophillic granulocytt

were seen in lamina propria(arrc. H

& E X 56.

_«=

PN

Fig 52 Goblet cells reveale Fig 53Liver: It continued to reve:
hyperplasia with presence of ac cellular swelling vacuolar degenerati
mucopolysaccharid@lcian blue PAS and congestiorHd & E X 75.

staining X 35.

g



Winter season

Fig 54.Enteritis characterized by heav{fig 55. Villi were sometimes
infiltration of inflammatory cells in completely denuded of epithelial cells.
lamina propria and severel\H & E X 30.

desquamated villar epitheliund & E

X33

% R
vacuolar
evidence of acid mucopolysaccharidehanges and disruption of hepatocytes.

was in surviving epithelial cellalcian H & E X 76

blue PAS staining X 30



completely denuded of epithelial cells (Fig. 55pbtt cells hyperplasia with
evidence of acid mucopolysaccharide was in surgi@pithelial cells (Fig. 56).

Liver: It revealed vacuolar changes (Fig. 57).
4.7.2 Bothriocephalus acheilognathi infection

The affected fish were anemic and emaciated (B)g Bhe viscera were
dark red on opening the abdomen (Fig 59). The tim@scontents showed lot of
mucous and contained dark contents (Fig 60). Theosal wall was red in colour
and revealed necrotic surface (Fig 61). The higtapagical changes were varied

in severity with the season and parasitic burden.
4.7.2.1 Spring

Intestine: Infection of Bothriocephaluswith Adenoscolexwas usually seen
together. Severe enteritis with heavy infilitratiaf inflammmtory cells and
fibroblasts seen in lamina propia (Fig 62). Lamajathelialis showed severe
desquamation(Fig 63). Necrotic intestinal villi weevident. Goblet hyperplasia

was seen alongwith elucidation of acid mucopolysadde (Fig 64).
Liver: cells very much swollen, rarefied and vacuolatéd 65).
4.7.2.2 Summer

Intestine:compared to spring infection, the enteritis changgh less severe. The
lamina propria was infiltrated with inflammatory liselike granulocytes and
lymphocytes (Fig. 66). Lamina epithelia were desgaied. Villi were very much
thickened towards bases due to cellular infiltratigpithelial cells revealed acid
mucopolysaccharide(Fig. 67). Mast cell infiltratiovas evident with scattered

metachromatic granules evident about the lesian @3).
Liver: cells were swollen, vacuolated and rarefied (R 6
4.7.2.3 Autumn

Intestine:Severe enteritis was seen with infiltration of mouaclear cells and
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Bothriocephalus acheilognathiinfection in Schizothorax niger

Fig. 58The affected fish were anen Fig. 59. The viscera were dz red on
and emaciated. opening the abdomen

Fig. 60.The intestinacontents showed lotFig. 61The mucosal wall was red

of mucous and contained dark cont. colour and revealed necrot
Bothriocephaluseen in contents (arro  surfaceBothriocephalusseen in contents
(arrow)
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Spring season
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Fig. 62. Section of intestine infectedrig. 63Lamina epithelialis showed
with Bothriocephalusshoowing severeseveredesquamatioH.& E X 35
enteritis with heavy infilitration of

inflammmtory cells and fibroblasts seen

in lamina propiaH & E X 35

Fig. 64Goblet hyperplasia was seefRig. 65Liver: cells very much swollen,
alongwith elucidation of acidrarefied and vacuolated. Nuclear pyknosis
mucopolysaccharidalcian Blue PAS was evidentH & E X 11.2.

staining X 80.



Fig. 66Intestine: compared to sprindg-ig. 67Necrotic epithelial cells revealed
infection, the enteritis changes with lesacid mucopolysaccharid@lcian blue PAS
severe. The lamina propria was infiltratestain X 41.

with inflammatory cells like granulocytes

and lymphocytedd & E X28.

Fig. 68. Mast cell infiltration was evidentFig. 69Liver. cells were swollen,
with scattered metachromatic granulesacuolated and rarefietl & E X 76.
Toluidine blue stain X 25.
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Fig. 70. Severe enteritis was seen witRig. 71. Lamina epithelialis showed

infiltration of mononuclear cells andcellular as well as goblet cell hyperplasia

desquamated necrotic cell$.& E X 35. with evidence of acid mucopolysaccharide.
Alcian Blue PAS staining X 70.
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Fig. 72. Mast cells are seen in the lamingig. 73Liver. Cells showed severe
propria of intestinal wallToluidine blue degenerative changék& E X 69.
stain X 76.
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Fig. 74. Intestine: Enteritis was les$-ig. 75. Goblet cells hyperplasia with
severe with infiltration of cells in laminapresence of acid mucopolysaccharide was
propria and lamina epitheliunH &E X seenAlcian blue PAS stain X 61.

28.

Fig. 76. Mast cells were seen in lamin&ig. 77Liver: Cells revealed degenerative
propria.Toluidine blue stain X 26. changes and congestidt.&E X 57.



desquamated necrotic cells (Fig. 70). The villi eveery much thickened and
necrotic. Lamina epithelialis showed cellular adlvas goblet cell hyperplasia
with evidence of acid mucopolysaccharide (Fig. Mast cells were evident in

the intestinal wall (Fig. 72).
Liver: Cells showed severe degenerative changes (Fig. 73).
4.7.2.4 Winter

Intestine:Enteritis was less severe with infiltration oflseh lamina propria and

lamina epithelium (Fig. 74). Enterocysts showedetegative changes. Goblet
cells hyperplasia with presence of acid mucopolglsaide was seen (Fig 75).
Mast cells were seen in lamina propria (Fig. 76).

Liver: Cells revealed degenerative changes and congéEign/7).
4.7.3 Adenoscolex oreini infection

The fishes infected withAdenoscolex oreini were anemic and the
abdomen appeared slightly pot bellied (Fig. 78kcéra appeared red on opening
the abdomen and the abdominal fluid was tinged(Fégl 79). On opening the
intestine necrotic debris was present on the seréam numerous parasites were
pesent (Figs. 80 & 81).

4.7.3.1 Spring

Intestine: Enteritis characterized by inflammatory cellghe lamina propria and
lamina epithelialis was seen (Fig. 82). Epithetlasquamation was evident and
hyperplasia of lymphoid nodules seen. Villi towartte luminal side were
completely devoid of epithelial cells and were oslyvived by connective core.
Eosinophils granule cells are seen in lamina peofBioblet cells hyperplasia was

seen with positivity for acid mucopolysaccharidey(RB3).

Liver: Cells were swollen showing vacuolar degeneratiod &upffer cell
hyperplasia (Figs. 84 & 85).



4.7.3.2 Summer

Intestine: Severe chronic enteritis was seen with infiltnatmf lymphocytes and
fibroblasts in the lamina propria (Fig. 86). Thecmdic villi were completely

denuded of epithelial mucosa (Fig. 87). Only thblgbcells in surviving epithelia
revealed hyperplasia changes with evidence of amidopolysaccharide. Mast

cells were occasionally seen.

Liver: Cells showed moderate degenerative changes withlarebwelling and
distortion (Figs. 88 & 89).

4.7.3.3 Autumn

Intestine:Enteritis was comparatively less sevdramina propriawas infiltrated
with mononuclear and eosinophilic granule cellg(80). Necrosis of some villi
was seen represented by fibrillar networks (Fig. ¥yian blue PAS staining
revealed goblet cells hyperplasia with presencacad mucopolysaccharide (Fig
92). Mast cells were occasionally seen in lamirggppa.

Liver: cells revealed degenerative changes; cellularlissgednd pyknotic nuclei

were occasionally seen (Fig. 93).
4.7.3.4 Winter

Intestine: Enteritis was characterized by infiltration of lathmatory cells in
lamina propria and lamina epithelial along with mosts of mucosal epithelial
cells (Fig 94). Intestinal villi had become thicleehand crypts were obliterated.
Eosinophiles granules were seen in lamina propFay. (95). Goblet cell
hyperplasia was clearly seen having acid mucopobtysaide (Fig. 96). Mast

cells were evident.

Liver: cells revealed vascular degeneration and celtlismrganization (Fig. 97).
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Adenoscolex oreini infection in Schizothorax niger

Fig. 78. The fishes infected withFig. 79Viscera appeared red on opening the
Adenoscolex oreini were anemicand theabdomen and the abdominal fluid was tinged
abdomen appeared slightly pot bellied. red.

Fig. 80Intestinal mucosa showed necrotiEig. 81 NumerousAdenoscolex oreinvere
debris and numerous parasites were pesenecovered from the intestines



Spring Season

Fig. 82. Intestineof fish infected with Fig. 83Epithelial desquamation wi
Adenoscolex orei revealing enteritis evident and hyperplasia of lymphc
Infiltration of inflammatory cells ir nodules seerHd & E X 65.

lamina propria and lamina epithe

were seend & E X 25.

Fig. 84Cells were swollenshowing Fig. 85Higher magnification of the san
vacuolar degenerati.H & E X 57. showing Kupffer cell hyperplas
(arrow)H & E X 160



Summer Season

Fig. 86Severe chronic enteritis wasig. 87The necrotic villi were
seen with infiltration of lymphocytescompletely denuded of epithelial
and fibroblasts in the lamina propriacellsAlcian blue PAS X 40.

H&E X 28.

Fig. 88. Cells showed moderatd=ig. 89Higher magnification of the
degenerative changes with cellulasameH & E X 140.
swelling and distortionH & E X 35.



Autumn Season

Fig. 90. Enteritis was comparative Fig. 91Necrosis ofsome Vvilli was seen
less severe. Lamina propric was represented by fibrillar networks (arro
infiltrated  with  mononuclear ar H & E X 30.

eosinophilic granule ce.

H&E X41.

Fig. 92Goblet cell hyperplasia wit Fig. 93. Hepaticcells revealed
presence of acid mucopolysacchar degenerative changes with vacuc
Alcian blue PAS staining 35. degeneratiorH & E X 80.



Winter season

Fig. 94Enteritis  characterized  byFig. 95Intestinal villi had become
infiltration of inflammatory cells in laminathickened and crypts were obliteratédl.
propria and lamina epithelial along witl& E X 33.

necrosis of mucosal epithelial celld.& E

X 33.

Fig. 96. Goblet cell hyperplasia wag-ig. 97Liver: cells revealed vascular
clearly seen having aciddegeneration and cellular disorganization.
mucopolysaccharidalcian blue PAS H & E X 80.

staining X 28



Chapter 5
DISCUSSION

5.1 Physicochemical parameters

All the four physicochemical parameters tempegrtdissolved oxygen,
pH and free carbon dioxide showed variation vigsathhe season and location of
the stations in water bodies. Generally, the weathstudy area was quite cool;
however the water temperature plays an importalg which influences the
chemical, bio-chemical characteristics of waterybddighest temperature in Dal
Lake was seen at Dalgate during summer (ZT22.71) while the lowest
temperature was also recorded at the same sitegdwinter (6.55+1.4%C).
Similarly, the highest temperature (19.44+1.50)helum River was recorded at
Chattabal weir while lowest (4.38+1.32) was recdrd¢ Khannabal indicating
that the water near the source of origin, i.e. Nagi is at lower degree than down
the river flow. Besides, the temperature of waterJhelum River is at lower
degree than that of Dal Lake which might be attelduo flowing nature of water
in Jhelum. Water temperature in summer was hightduew water level, high
atmospheric temperature and clear atmosphere (SalveHiware, 2008). At all
the study sites minimum air temperature was recbidevinter, with the lowest
recorded temperature as°@ at Chattabal site, while as the maximum in the
summer season, with the highest°€7at Dalgate site. Overall the temperature
was high in summer and low in winter. The resultsveed that the geographical
location and season have a direct impact on théuw&rphysico-chemical
properties of water. Air temperature at differatésfollowed the general climatic
regime of the valley with minimum in January andximaum in July. Though the
winter air temperature at times goes below freezpomt, yet the water did not
freeze for the reason the insulating functionradvg and ice might be protecting
the water below from freezing(Sheridan, 1961), dlsotemperature required to
freeze running water is very low (Needham and Joh@59). Further, it has been

suggested that the low temperature of river Jheloould be attributed to the
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presence of plantations at banks of river whichdgls the river surface thereby
makes it less visible to direct sun light. The &hdn in water temperature
depends mainly on the climatic conditions, samplinges, the number of
sunshine hours and also is affected by specificracheristics of water
environment such as turbidity, wind force, planteoand humidity (Mahmoud,
2002 and Tayel, 2002).

In Dal Lake DO was highest at Telbal (6.78+1.25/linduring spring
while lowest was at Hazratbal (3.55+1.19 mg/l) dgrsummer.In River Jhelum
DO was highest at Khannabal (8.16+1.43 mg/l) duspgng while lowest was at
Zero bridge (4.97+£1.50 mg/l) during autumn. Thehleig concentration of DO
during spring season could be due to the facttb®aielting snow and glacier ice
flowing at a higher speed might be incorporatingrenoxygen. Cold water has
been reported to contain more oxygen as compar@tm water as the DO is
inversely proportional to the water temperature riég; 1960). In addition
photosynthesis could have some kind of effect on(B&g, 1943). DO of River
Jhelum was noted at higher level in all the seasongpared to that in Dal Lake.
The fluctuation in the DO value might be due tdediénces in water temperature
(Kumaret al.,1996).

The pH was found within the range of 7.03-8.4 witl highest recorded
at Hazratbal site and lowest recorded in Chattalesd. pH of the waters of Dal
Lake and River Jhelum varied within the alkalinega. The pH of Jhelum river
water was comparatively less alkaline than thddalfLake. In Jhelum the highest
pH recorded at Khannabal was during spring (8.3&HK0and the lowest was at
Chattabal weir during autumn (7.03+0.28). In Daké&dhe highest pH recorded at
Hazratbal was during summer (8.47+0.41) and theeftwas at Dalgate during
autumn (7.45x0.35). The desirable limit for pH i® 6 8.0; however some sites
crossed the desirable limit. The fluctuations midjet due to low rates of
decomposition and good amount of calcium carbonates magnesium in the

area. Moreover, due to greater photosynthetic igctiveater utilization of CQis



responsible for increased pH (alkaline). In Dal ¢dke highest pH was noted at
Hazratbal during summer (8.47+0.41) and lowest ataBalgate during autumn
(7.45+0.35). Most of bio-chemical and chemical teas are influenced by the
pH. The reduced rate of photosynthetic activitieduces the assimilation of
carbon dioxide and bicarbonates which are ultingatesponsible for increase in
pH, the low oxygen values coincided with high tenapere during the summer
month. The factors like temperature bring aboutnglea the pH of water. The
higher pH values observed suggested that carbodidéiocarbonate-bicarbonate
equilibrium is affected more due to change in ptgsihemical condition
(Karanth, 1987; Trivedet al, 2009).

Free carbon dioxide in Dal Lake was highest (122881 mg/l) at Telbal
during spring while the lowest was found at Saidiakd3.16+0.93 mg/l) during
autumn.In River Jhelum highest free £@.11+2.26 mg/l) was found at
Chattabal weir during summer and lowest was alsorded (3.08+1.83 mg/l) at
the same site during autumn.Free carbon dioxidefaasd higher in Dal Lake
than in River Jhelum in all the seasons of the .y€his depends upon alkalinity
and hardness of water body. The value of, @@s high in spring and summer.
This could be related to the high rate of decontwsin the warmer months.The
increasing trend of free carbon dioxide down therrcould be due to the addition
of some carbon rich substances as majority of cadoones from organic matter
such as ground water, rock leaching, dead teraésptant material (Wetzel,
1992). The reason for increasing trend of calciuowm the river could be
increased concentration of waste material espgdiad calcium rich substances
like bones and milk products of slaughtered ankdibnimals, which are usually

irresponsibly disposed off in the water bodieshmsy public.
5.2 Prevalence of helminth parasite

Three different species @&chizothoraxwere recovered from the two
water bodies VvizS. niger S. esocinusand S. curvifrons. The recovery ofS.

esocinusvas more from Dal Lake followed 8. nigerandS. curvifronswhile as



from Jhelum river recovery @&. nigerwas higher followed bf. esocinuandS.
curvifrons From all the three species @&chizothorathe helminth parasites
recovered were Acanthocephalan parasite Pon{phorhynchus
kashmirensig27.47%) and two intestinal cestodesBothriocephalus
acheilognathj(30.63%) and Adenoscolex oreili32.43%).Earlier workers have
also reported the presence of these helminthseiriishes (Amin,1975a &b ; El-
Naffar et al. 1983; Abu El-Ezz, 1988; Ebraheem 1992; EI-Ganin995t
Bayoumy,1996; Abd EI-Monem, 1998 and Thabit, 2004).

The present work showed that the infection past@fPomphorhynchus
were greatly influenced by season, fish speciestgpe of water body. It was
seen that overall prevalencePoimphorhynchusvas low, compared to other two
helminths, which was in accordance to the studmsedby Spall and Summer
(1969) and Chishti and Peerzada (1998) who show&d @nd 9.3% infection of
the acanthocephalan parasite, respectively. Furtherlow prevalence might be
due to low availability or consumption of intermatdi hosts. The present finding
also paralleled with Sinderman (1990); Kupermard@)@nd Duselet al. (1998)
who attributed the decrease in the infection rétesbes lived in highly polluted
areas to the fact that, effluents including heawtais could alter the availability
or reduced the number of invertebrate intermediatds necessary for life cycle
of these parasites. Seasonal variation in incideftelminth parasitism in fishes
was probably influenced by the annual life cyclettté parasites. However, the
overall prevalence of 27.47%, observed in the mtesteidy, could be attributed to
various factors like temperature and availability food. The host species
generally shows a minimum preference for animadf¢Ghishti and Peerzada,
1998) as they are mostly dependent on plankton7(%)} which are the
intermediate hosts fd?. kashmirensighe rest comprises of aquatic invertebrates.
It is generally the amount of intake of intermedihbst (which is an invertebrate)
that determines the intensity of infection, so finesent observation with lower

prevalence of infection iFomphorhynchus kashmirenstempared to other two
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helminths in its host is a consequence of the comparatively guantity of
animal food in their diet. In spite of the low pad¢ence of the parasite still the
prevalence rate of 27.47%, is higher than the tedoralues of Spall and Summer
(1969) and Chishti and Peerzada (1998) therebycateli that the intermediate
hosts have increased over a period of time in thEembodies. In the present study
the parasite revealed a wide host range. Amin (L8806 found a wide host range
for Pomphorhynchus bulbocah Wisconsin fishes, which he attributed to similar
feeding habits of the fish and also to the avdilgbof intermediate host in the
habitat.

In Dal Lake and River Jhelufiomphorhynchus kashmirensigs more
prevalent inS. niger and S. curvifrorduring summer, respectively. There was a
gradual increase in the prevalence rate from sgargummer and fell down with
onset of autumn and was least observed during wibtavest prevalence of the
parasite was during winter in both the water badi@gerall the mean intensity of
Pomphorhynchus kashmirensiss highest in Dal Lake whereas its abundance
was higher in River Jhelum. Seasonal variation nicidence of helminth
parasitism in fishes was probably influenced by #mmual life cycle of the
parasite. Further, the increased prevalence ofattamthocephalans in water
bodies have been attributed to the contaminatiowaier with municipal and
industrial effluents(Billiard and Khan, 2003)

For both the cestodes mean intensity and abundaaeehigher in River
Jhelum.Bothriocephalus acheilognatprevalence was highest & esocinusand
S nigerin Dal Lake and River Jhelum, respectively, dursugnmerAdenoscolex
oreini was seen more i8. nigerandS. curvifronsin Dal lake and River Jhelum
during Summer and lowest during winter, respecyivéhe seasonal prevalence
showed significant differences in prevalence. Ckzasonal trend was observed
in Dal Lake and River Jhelum with maximum infectitavel during summer
months and least in winter months. Significantatéhces (p<0.01) in prevalence

were recorded vis-a-vis the season in both the nwabelies which were in



conformity with the results of Yufa and Tingbao {20 who concluded that the
helminth species like monogeneans showed seastiaadtidns associated with
environmental changes. The abrupt increase in héinmfection from summer in
both water bodies could be due to increased duratidife of the infective larva,
and has been reported to assist in the transfeelofinth infection like Diplozoon
infection from fish to fish (Chubb, 1979). In thedings of Genet al (2005) the
parasite infection showed seasonal variations Wt highest prevalence in
summer season, as suggested that decrease invattere during the dry season
caused nutritional imbalance resulting in less potidn of fish food organisms
and moreover thereby reducing the immune respamdesh and making them
more vulnerable to disease agents. Boping and We(®007) studied the
seasonal population éfallisentis(Neosentiscelatusin the intestine of rice -field
eel Monopterus albusand inferred that the prevalence of parasite guwes a
distinct seasonal trend being highest in spring @ecteased corresponding to a
fall in temperature. Further, no significant seadodifferences were found in
mean intensities. Results of Singh and Sahay (20@ated that all parameters
l.e., prevalence, intensity, density and indexnééction showed highest values in
June. These results clearly suggested that theg vedated to the rise of water
temperature and the availability of secondary h@gani and Magray (2008)
reported highest prevalence Aflenoscolexduring spring and winter seasons in
river Jhelum and in winter in Anchar Lake. Furth#ére authors noted highest
prevalence oBothriocephalusgduring autumn season, followed by spring in both
the water bodies. Interestinglomphorhynchusvas found throughout the year

with peaks during spring and summer season in dkkelum.

The mean intensity and abundance of both the destaere highest in
summer and lowest in winter. Kanth and Srivastal®37) also showed that
Pallisentis ophiocephalhad two peak periods during May and August and the
the infestation rate declined gradually through t&eyper to February and rose
through March to have peaks in May and August. Kaaml (1991) studied
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seasonal variation in the occurrencePofophiocephalandAcanthosentis betwali
in relation to their fish hostsC. striatus showed greater prevalence Bf
ophiocephaliinfection between March and May and males wereent@avily
infected than femalesP. ophiocephalicollected fromC. punctatusshowed
highest prevalence in the month of September, rikensity of infection being
highest in August (Jhet al, 1992). Malhotra and Banerjee (1997) observed pea
infectivity in October ofP. allahabadi The above authors reported the initiation
of infection in August when the higher peak of m@arm burden and relatively
higher degree of infection were encountered. Higltervalence of infection was
retained until winter period and the peak infectiogidence occurred during
October. Thereafter, infection declined consisterduring spring and early
summer period before finally disappearing by thed esf summer period.
According to Kimet al (2001) abundance &f. gotoisharply increased to a peak
in the late fall (November) then declined gradudattyMay. Vincent and Font
(2003) observed that the prevalence, mean abundamdemean intensity of
Camallanus cottwere higher in summer than in winter whereas ttevgdence
and mean abundance 8bthriocephalus acheilognattshowed no significant
difference between the seasons. Kkaal. (2004) inferred that the prevalence of
infection of Diplozoon kashmirensiand Pomphorhynchusn Schizotlhoraxwas
highest during spring, while the minimum value wesorded in autumn whereas
Adenoscoleshowed a marked seasonal occurrence as the orfegtis observed
only during spring and summer seasons. Signifigdotv mean intensity during
winter in Dal Lake could be due to negative impaictontaminants on helminth
itself and thus decreased intensity. It also setrashelminth show antagonistic

response to combined effect of pollutant and eticgtion at this site.

Both the cestodes and the acanthocephalan infiestoe prevalent more
in male fishes compared to females. This studg fsili agreement with Machado
et al(2000). Reports on the prevalence of parasites kespect to host sex are

diversified. Records on higher prevalence in malgt$are supported by the work



of Zelmer and Arai (1998) who observed that theelof relationship between
number and abundance Bbthriocephalusspecies andProteocephaluspecies

was greater for male perch than for females. Takenamd Pavanelli (2000)
reported that male hosts had significantly highamapite intensity than females.
The influence of sex on the susceptibility of ansn& infections could be
attributed to genetic predisposition and differaitsusceptibility owing to

hormonal control.

The presence of the parasites had reduced thetiooncbefficient of the
infected fishes in both the water bodies. Howetae; overall condition factor of
fish in Jhelum river was higher. Condition coe#ict was found to be lower in
infected fish than in uninfected fish in both Dalke and River Jhelum. It might
be due to the fact that parasites decrease the mamsystem of the hosts, which
may lead to decreased growth of fish. Decreasedtgrmay lead to decrease in
condition coefficient (Khan and Thulin, 1991; Poyll992). Parasites might also
alter the physiological as well as reproductivections of hosts. This might also
lead to decreased growth of fish (Le Cren, 1981haé been reported earlier that
condition factor tend to be higher due to highendfaquality and availability
(Polaciket al, 2009).In summary, season, condition factor arsohabitat seem
to have a significant impact on the helminth infact According to Le Cren
(1951) and Georget al. (1985) the relative condition factor, ks an indicator of
general well-being of the fish.kKgreater than one (1) is indicative of the general
well being of fish, whereas its value less than @rendicates that fish is not in a
good condition. However, Salaet al (2005) pointed out that ‘K’ remained
constant with increase in length and weight of .fislousuf and Pandit (1989)
suggested that condition factor $f nigervaried seasonally in close association
with gonadal development and feeding intensity. Mudtra and Datta (2004)
attributed low mean Kn values #ristichthys nobilisto spawning strain, spent
condition and low feeding rate. Likewise, Hatikakoand Biswas (2004)

suggested increase in the weight of body due toghteof mature gonads.
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Chatterji (1979), had also related the changesmuition factor with age, feeding
intensity and gonadal development.

The present study showed that some of the physmical features
showed a significant positive correlation with tipeevalence. A positive
correlation existed between the water temperatadepdd with the prevalence of
all the three parasites while as it was negatiwelgrelated with the DO. With
regard to free Carbon dioxide, excdpomphorhynchus kashmirensisoth the
cestodes showed positive correlation. Moelual. (2011) showed that there
existed a significant correlation between Helmimfection and water quality
parameters in a pond. A number of workers (Beer @adnan, 1993; Kennedy
and Watt, 1994; Marcogliese, 2001; Lafferty andi&u2005) have suggested that
natural abiotic factors such as temperature, oxygatinity, hydrogen ion
concentration and eutrophication have a positifieience on the occurrence of
parasite populations. Evidence from the preserdystuggested that the water
temperature played an important role in the prajoesof all the three parasitic
infection. Dissolved @had been found to be the predictor of habitatctiele in
monogeneans (Erngt al, 2005). Our results, however, showed insignifican
relationship between Qevel and all three intestinal parasites.

53 Metal concentration in water

The concentration of the twelve analyzed heavyaisein the water
samples from Dal Lake and River Jhelum displayednicant spatial
distribution, suggesting similar patterns of heawgtal enrichment of water
within the water bodies. In Dal Lake the rankingnoean concentration of 12
metals at Dalgate, Saidakadal, Hazratbal and Telbe¢ Fe > Ca > Mn > Al >
Zn>Cd>Cu>Ni>Co>Cr; Fe>Mn>Ca>Al>2nCd>Ni>Co>Cr>
Cu; AI>Fe>Ca>Mn>2Zn>Cd > Ni>Co >Crx@nd Fe >Al>Ca > Mn
> Cu > Ni > Co > Zn > Cd > Cr respectively.In Jheluiver the ranking of the
metals at Khanabal, Zero bridge, and Chattabal weie Fe > Ca > Al > Mn >
Zn>Co>Cd>Cu>Cr>Ni; Ca>Fe>Al>Mn>2nNi>Cu>Co>Cd



>Cr; and Fe > Mn > Ca > Al > Co > Zn > Cd > Ni > €Cr respectively. Studies
with regard to various metal concentrations in wai@e been made by earlier
workers and inference has been deduced that tiwy hestal concentrations along
the lake shores are influenced by anthropogeniwites (Mwamburi 2003).
Although there has been a progressive increadeeiméavy metal concentrations
in the lake over the past 20 years (Wandiga 1984andgaet al 1983; Ochieng
1987; Onyari and Wandiga 1989; Mwamburi and Olo®@6®97; Kishe and
Machiwa, 2003), the concentration of the twelveuvyemetals examined in this
study are still low, compared with heavy metal @ntcations observed in water
systems in industrialized countries of Europe amdeAca (Schuldermanet al
2003; Thieleret al, 2004; Eireet al, 2009).

Heavy metals in water can be partitioned into aissd and suspended
fraction. It is well known that most dissolved hgametals are present as organic
complexes in natural water (Prego and Cobelo-Ga2€i@3). A fraction of metals
is bound to inorganic matters and particulate imewavhich reduced the amount
of metals for uptake by organism and the abilitynatals to affect organism. It is
known that bioavailability or toxicity of metals islirectly corrected to
concentration of free metals ions, which are neiraled to any matter, rather than
to total concentrations (Cambell, 1995; ATSDR, 2006

In the present study,the concentrations of leadl mercury in all the
water samples from almost all the sampling siteseweund to be below the
instrumental detection limit. However, in some s@BECu concentrations of 1.83
mg/l was recorded at Telbal site of Dal Lake durisgmmer and Zn
concentrations of 5.31 mg/l was recorded at Khaahalie of River Jhelum
during summer while no such contamination was natedll the other water
samples from different sites. The possible explandor these two heavy metals
could be the contribution of the non-point souroégollutions, especially from
agricultural fields that might have used copper taming fertilizers and

pesticides. Copper is commonly a natural elemergeitiment and water. This
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metal is non soluble in aqueous media, while ldtésosalts are really soluble. It
iIs known that metals accumulate on sediment surfgleaktonic organisms, in
benthic living things and other living matter which enhanced through food
chain (Javed and Usmani, 2011).

The undetectable concentrations of lead, mer@agper in other sites in
River Jhelum, and zinc in various sites of Dal Lakevater samples might be the
result of adsorption and accumulation of metalssbgpendered solid. Chapman
(1992) stated more than 50% of the total metalsgme(and up to 99.9%) in
water are usually adsorbed onto suspended partMleen the dissolved metal
concentrations in the Dal lake and River Jhelunmevgain the seven sampling sites
were compared with international standards, theainbt results obviously
showed that the concentration of the heavy me@ds Pb, Hg, Al, Ca and Zn) in
Dal Lake and (Cu, Co, Hg, Al, Ca and Pb) in Dal éand River Jhelum did not
exceed WHO/FEPA. This might be due to most metatingdo lower in
concentration or being adsorbed onto suspendedcylate matter. Several
mechanisms indicated that heavy metals in water rareoved due to (1)
adsorption onto particulate matter; (2) chemicahsformation in to insoluble
form; and (3) precipitation and sedimentation (Bal@amaniat al, 1997).

5.4 Metal concentration in fish tissue and parasite

Fish are important aquatic organisms that are aseHio-indicators of
aquatic ecosystems for estimation of heavy methlifoan and risk potential for
human consumption (Agarvedtl al., 2007). Bioaccumulation of metals in fishes
takes place directly, from the water by gills anditectly from food (Barron,
1990). Bioaccumulation of metal by an organismhe tonsequences of the
interactions between physiological factor (growtveight loss, absorption and
accumulation), chemical factors (metal concentrgatiospeciation and
bioavailability) and environmental factors (tempgara, pH, water hardness,

conductivity, salinity and food concentration (Casad Bacher, 2006).
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The difference in the pattern of heavy metalsritistion in the fish
might be a result of their difference in many fastsuch as; feeding habits,
habitats, ecological needs, metabolism, biology plngsiology (Arellancet al,
1999). Generally, heavy metal uptake occurs maintyn water, food and
sediment (Canliet al, 1998). However, the efficiency of metal uptakent
contaminated water and food may differ in relatitm ecological needs,
metabolism, and the contamination gradient of wdtexd and sediment, as well
as other environmental factors such as salinitpperature and interacting agents
(Heath, 1987 and Pagenkopt, 1983khizothorax nigeén nature revealed that
they are omnivorous fishes. Jan and Das (1970)rebdda<ashmir fishes prefer
phytoplanktons (diatoms, green and blue green plfgdlewed by detritus and
sand which can indicate the bioavailability of hgawetals from sediments
(Luoma, 1983). These fishes are benthopelagic,sfeedplants and zoobenthos
which might accumulate heavy metals from their fodtis is agreed with the
literature which reported that some plant and ahiavea such as crustacean and
mollusca have high potential for accumulation otatseand other pollutants even
from much diluted solutions without obvious noxioefects (Ali and Fishar,
2005).

In the present study, in Dal lakeomphorhynchus kashmirens&niger
liver and muscle showed the ranking of the 12 teeta Ca > Fe > Mn > Cr >
Cu>Ni>Zn>Al>Cd>Co; Ca>Fe>27n>Al>CGuMn > Cr > Ni > Co >
Cdand Cd >Ca>Cr>2Zn>Cu>Mn > Al >Ni > Cc&d, respectively. In river
Jhelum these ranked as Ca > Fe > Mn > Cr > Al >Qi1 > Zn > Co> Cd; Ca>
Fe> Zn> Al> Mn> Ni> Cu> Co> Cr > Cd and Zn>Fe a€Cu > Cr> Al > Mn

> Co > Ni > Cd respectively.

In Dal lake Bothriocephaluacheilognathi; S. nigefiver and muscle
revealed the ranking of the 12 metals as Fe > @8a>Zn > Mn > Cr > Cu > Ni
>Cd>Co; Fe>Ca>Cu>2Zn>Al>Mn>Ni>Cd>»>Coand Fe >Ca>Zn

> Al > Cr > Ni > Cu > Mn > Cd > Co respectively. tiver Jhelum these ranked



asFe>Ca>Zn>Al>Cu>Mn>Cr>Ni>Co>C&E>Ca>7Zn>Cu>Al>
Mn > Ni>Cr>Cd>Coand Ca>Fe >Zn>Al>Cr>nM Ni>Cu >Co>Cd

respectively.

In Dal lake theAdenoscolex oreini; S. nigdiver and muscle, the
ranking of the 12 metals were Ca > Zn > Fe > Mn|>ACu > Co > Ni > Cd >
Cr,Fe>Ca>Mn>AlI>Cu>2Zn>Cd>Ni>Co>@and Fe >Ca>Al>Mn >
Zn > Cu > Ni > Cd > Cr > Co respectively. In rivllrelum the ranking were Ca >
Fe >Cr>Mn>Al>Zn>Cu>Cd > Ni > Co; Ca>PFAl>2Zn>Cu > Mn >
Ni > Co > Cd > Crand Ca > Fe > Al >Zn > Cu > CNp> Mn > Co > Cd,
respectively.

The patterns of metal concentrations in both whatelies were variable
which could be due to bioavailability, intrinsicsifi processes, and trophic
structure variation. The specificity of concentwas of heavy metals irrespective
of the locality of fish capture and the route oftake of the metals has been
reported (Oboh, 2007; Eneji, 2010). The variabitibserved in the fish species is
a reflection of different thresholds of metals whare a function of homeostasis.
The thresholds of metals in fish can be consider®dhe concentration level
where the metal starts to interfere with the vdeaihysiology of the fish species
in such manner that once a particular level ofrtietal has been sequested in the
body, equilibrium is established between the fishden and the ambience. Also,
Olaifa et al(2004) reported that fish species can accumulaaeyhmetals above
the abiotic environment to incur bioaccumulatiope8es difference in heavy
metals bioaccumulation could be linked to diffeeena feeding habits and

behavior of the species (Altindag and Yigit, 2005).

The general pattern of heavy metal accumulatiothis study exhibited
the following progression: fish parasite > watefish liver> fish muscle. As a
result of the low heavy metal concentrations inlt#ie water and fish, it appears
that the acanthocephalan parasP®mphorhynchus kashmirens@nd two

intestinal cestodesidenoscolex oreiand Bothriocephalus acheilognatiwere



better at accumulating heavy metals to a higheceatnation than observed in
their environmental media or in their respectiveeimediate host fish,
Schizothorax nigerThe concentration of Mn, Ca, Cd and Ni; Ni, Mm, &I, Cd
and Co and Zn, Co, Mn, Cu, Cr, Al, Fe and Cd wepenél higher in
Pomphorhynchus kashmirensis, Bothriocephalus antpedithi and Adenoscolex
Oreinirespectively.Maleket al. (2007) hypothesized that, because cestodes
cannot synthesize their own cholesterols and fatigs, they efficiently obtain
them from their host’s intestinal lumen, therebgluging the absorptive capacity
of the heavy metals in the fish body cavity witle thresence of parasites.
Considering thatlL.intestinalis has a very large surface area-to-volume ratio
(Cowx et al, 2008) in the host, they can easily take up avgaetallic
complexes, which have been released from the hddesduct to the small
intestines. Consequently, these metals can acctemualéhe body of the parasites,
thereby rendering the parasites as sinks for thestals. It is also possible that
fish have developed effective mechanism by whichhynheavy metals are
transported, stored and excreted (Bijvedtisal., 1998). Such cellular mechanism
possibilities, however, have not yet been repofteccestodes. Thus, the higher
bioaccumulation of metals in the cestode coulddilected by this physiological

mechanism.

The cestode parasites exhibited a consistensgéeHic bioaccumulation
pattern in this study. The highest bioaccumulatiactor of the parasite was
exhibited for River Jhelum. This finding might idie a coupling of geological
metals from the environment that could increasentfe¢al burden in fish. It is
probable, therefore, that competition for elemdrgisveen hosts and parasites for
essential elements could lead to increased abeorpgti other essential heavy
metals, including Cu. The Cu concentration mightdglated by the fish, as well
as by the parasite, albeit the physiologically resmfliconcentrations are actually
higher for the parasite. This higher Cu accumutaiio the parasite, therefore,

cannot be considered as the bioaccumulation ofr@mwiental pollutants. It was
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also observed that fish with higher abundancesndbparasites exhibited higher
Cd and Cr concentrations. This finding, howevernntda be interpreted as
meaning that fish heavily infested with parasitesassarily contain higher metal
concentrations from the parasites. Rather, it cbeldssociated with disruption of
fish physiological functions by the parasites timapair the ability of the fish to
regulate metal contents in their tissues. Moreowéested fish already weakened
by the parasite infection might be more vulnerdblether suboptimal or adverse
environmental conditions, such as food shortagewater pollution. Fish
endoparasites, mainly. intestinalis have been reported to affect normal
physiological functions (Cowet al, 2008), some of which would render their
host prone to metal bioaccumulation from the aguanvironment. The
parasitized fish samples in this study were obskree be heavier than the
unparasitized fish samples, contrary to the obsens of Sures (2003) for
acanthocelephalans heavily infested by parasitéss $cenario might not be
related to either the metal content or kineticshia fish, but rather by hormonal
disturbances through endocrine disruption (Joblng Tyler, 2003). Kennedy
(1997) has outlined the disadvantages of using iafasites for this purpose,
including the possibility of the parasite beingedtty or indirectly influenced by
the host metabolic factors or immune system, byagte over dispersion and
aggregation, by inadequate knowledge of their mhggical responses to metal
pollution, and, in this study, to site-specific idions in metal accumulation. In
regard to the bioaccumulation factor, it appearst thdenoscolex oreinand
Pomphorhynchus kashmirensssa sensitive indicator and early warning sign fo
Al, Cd and Cr pollution in water systems. As th&sgsite is easy to identify, even
in different hosts (Olsort al, 2000), because of its high abundance and high
prevalence, these should be considered as a bitomnonodel and early warning

sign for localized Al, Cd and Cr pollution in wataodies.

Copper and zinc are essential elements and arelated by

physiological mechanisms in most organisms. Howetery show toxic effects



when organisms are exposed to levels higher thamaily required (Bineyet al.,
1994). The levels of Cu and Zn in the muscle wegaificantly different during
different seasons. This shows that there is a tvamiaf the accumulations of Cu
and Zn in the edible muscle 8thizothorax nigein the two water bodies. Copper
iIs a fundamental micronutrient to all forms of lifeenzyme activity or random
rearrangement of natural protein (Bower, 1979). g@ogs available in surface
water and ground water due to the extensive ugeesticides sprays containing
copper compounds for agricultural purposes. Itnseasential element in human
metabolism but can cause anemia, disorders of hodeconnective tissues and
liver damage at excessive levelBhe toxicity of copper depends upon the
hardness and pH of the water, and therefore,rtaee toxic in soft water and in
water with low alkalinity (Taha, 2004). The elewetiof copper accumulation in
this study might have been due to industrial andage wastes. These results
agree with those obtained by (Ibrahim and Mahmd&@f5) and(Tayekt al.,
2008) who revealed that this increase is anticgpateindustrial, drainage and
sewage effluents. Also, it may be due to elevatethmbinding protein synthesis
as recorded by Yacoub (2007).

Fish can biomagnify toxic substances, particul#inlyse which are least
soluble in water because they are in close comtdbtthe source that brings these
toxic substances in suspension or solution formsid&s this, fish use water
soluble oxygen by filtering the massive quantity vaditer through their gills.
Kargin (199) reported that biomagnifications of metals in dif& organs of the
fish is mainly concerned with different factors Buas season, chemical, and
physical properties of aquatic body. Exploitationfresh water habitation may
occur from any activity that changes the chemiocal physical characteristics of a
river or stream(Charles, 199 Zinc is one of the essential elements as copper,
and cobalt for both animals and humans. A defigieat zinc is marked by
retarded growth, loss of taste and hypogonadisading to decreased fertility.

Zinc toxicity is rare, but at concentrations in aratip to 40 mg/l, may induce
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toxicity, characterized by symptoms of irritabilitynuscular stiffness and pain,
loss of appetite, and nausea (NAS-NRC, 1974). Zppears to have a protective
effect against the toxicities of both cadmium (Gatseet al, 1985) and lead
(Sanstead, 1976). Roesijadi and Robinson(1994)iomat that the heavy metals
such as Zn and Cu accumulation pattern have showah mariation in the fish
organs. High level of Zn and Cu in metabolicallstige organs that is liver
represented much accumulation due to strapping lodset metals to
metallothionine which acts as detoxifying agent. tba other hand metabolically

less active tissues such as muscle showed low toagnof accumulation.

Zinc is an essential element and is a common faomituas well. Mining
smelting and sewage disposal are major sourcenefllution. Fish take it up
directly from water, especially by mucous and gf{kidmore, 1964). The high
accumulation of zinc in studied fish liver agredthwamed (1998). Ibrahim and
Mahmoud (2005) revealed that this increase is ipatied to industrial effluents
from Talkha Electricity station and sewage fromR&ahawy drain. The relatively
higher zinc concentration in the liver of the diffet fish species may be due to
the role of zinc as an activator of numerous enzympeesent in the liver as
recorded by (Yacoub, 2007) and (Cogpiral.,2005).

Iron is an abundant and important element, unssesh by any other
heavy metals in the earth's crust (Ibrahim and T&@&@05). The increase of iron
accumulation in fish liver in this study may beated to the increase of total
dissolved iron in water and consequently incrdese metal iron concentration
and thereby lead to an increase in metal uptakelitbgrent organs (Tayeét
al,2008; Carbonellet al.1998). Haggaget al (1993) and Yacoub (2007)
observed accumulation of iron ligand protein (Heihas) scattered in liver
section of fish exposed to high iron concentration.

Nickel is also an essential micronutrient requii@dred blood cells. It is
known to be toxic at high intakes. The long ternpasure can cause decrease in

body weight, heart and liver damage and skin trata The toxicity of Ni to



aquatic life has been shown to vary significantiyhworganism species, pH and
water hardness (Birge and Black, 1980). In thislgtthe mean accumulation of
Ni in muscle ofSchizothorax nigefish was above the recommended level of
0.80 ug/g. The accumulation of Ni was significantly driéat during different

seasons.

Manganese functions as an essential constituentodme structure,
reproduction and normal functioning of enzymeseaystFleck, 1976). It is toxic
only when present in higher amount, but at low leig® considered as
micronutrient (Sarkkat al, 1978). The high accumulation of Manganese in fis
liver obtained from Dal Lake might be due to sewalgposits from sewage

treatment plant. These results agree with thosairdd by Yacoub (2007).

Cadmium is highly toxic non-essential heavy matad does not seem to
have a role in biological processes in living otigars. Thus even in low
concentration cadmium could be harmful to livinggamisms (Burderet al,
1998).In the present study the concentration ofmgach was higher in all the
three parasites followed by liver tissue. Musclesvged the lowest levels of Cd.
The values of cadmium accumulation in present staahge from 0.78 pg/g in
Dal Lake and 0.19 pg/g in River Jhelum were higten those obtained by
Yacoub (2007) as 0.04 - 0.28/g dry weight. High accumulation of cadmium in
liver may be due to its strong binding with cystiresidues of metallothionein
(Tayel et al, 2008). Cadmium is rarely found in natural wgtéem, 1989). It is
considered to be toxic if its concentration exce@@4 mg/l both in drinking and
irrigation water (Taha, 2004). Cadmium with sombeotheavy metals lead and
mercury are of no biological function in human systand they are potentially
toxic even at trace concentrations (Robert, 199hg effects of acute cadmium
are high blood pressure, kidney damage, destruofidesticular tissue as well as
destruction of red blood cells (Gupta and Math@83).

Although fish muscle is the most important partb used for human

consumption, fish skin and liver may also be corstito some extent. Target
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organs such as liver, kidney, gonads and gillsehaviendency to accumulate
heavy metals in high values, as shown in many spedf fish in different areas
(Kargin, 1996; Yilmaz, 2003; Yilmaz, 2005 and Abdiébniem, et al, 1994). It is
generally accepted that muscle is not an organ hictwmetals accumulate
(Legorburuet al, 1988). Similar results were reported from a neambf fish
species showing that muscle is not an active tigs@aecumulating heavy metals
(Karadede and Unlo, 2000). This is agreed withphesent study. The levels of
heavy metal in fish vary in various species andedgiht aquatic environments
(Canli and Atli, 2003).

The presence of trace metals, particularly ZindRiger Jhelum might
due to the agricultural influx and sewage via sumding cultivated lands.
Consequently, it can be concluded that the conatortr of nickel (0.80 pg/g),
manganese (1.69 pug/g), cadmium (0.78 pg/g) andntbro (2.86 pg/Q),
aluminum (2.99 pg/g) were higher than the permisdimits. In River Jhelum the
maximum concentration of nickel (0.80 pg/g), maregn(0.41 pg/g), aluminum
(2.99 ug/g), cadmium (0.19 pg/g) and chromium (Qu8@2g) in the muscles of
infected fishes were higher than the permissibiatdi. Accumulation of heavy
metals in fish viscera and other organs may beiderex] as an important warning
signal for fish health and human consumption. Thesent study shows that
precautionary measures are needed to be takerdem tw prevent future heavy
metal pollution.

5.5 Correlation among metal concentrations of waterfish tissues, and
parasites, and physicochemical parameters of Dal ka

Surface water temperature is one of the imporfantors affecting
aquatic environments for two reasons. First, wegarperature affects nearly all
other water parameters and second aquatic orgarssmsadapted to certain
temperature range. It exerts an important effeatnetal speciation because most
chemical reaction rates are highly sensitive topeerature change (Prosi, 1989).

Due to increased temperature effects are seenonatiptake and elimination rates



of metals, so net bioaccumulation may or may notease. Average temperature
was same throughout the sampling sites during sosedn the present study Cr,
Mn, Cu, Zn, Al, Ca concentrations in water showeaxsifive correlation with
water temperature.Cu concentration RPomphorhynchus kashmirensiand
Adenoscolex oreinshowed positive correlation with water temperatu@e.
concentration irPomphorhynchus kashmirensisowed positive correlation with

water temperature.

Fe, Zn, Cd Cu and Co concentrations in water sHowesitive

correlation with free C@

The water chemistry of the system controls the aitadsorption and
desorption of metals to and from sediment. Adsorptemoves the metal from
the water and stores the metal in the sedimentsasgended solid. Desorption
returns the metal to the water column, where rataton and bio-assimilation
may take place. Metals may be desorbed from thieneedl and suspended solid if
the water experiences increases in salinity, deesean redox potential, or
decreases in pH. A lower pH increases the competibetween metals and
hydrogen ions for binding sites. A decrease in plymalso dissolve metals-
carbonate complexes, releasing metals ions intavéter column (Osmonet al.,
1995). pH has an impact on solubility and bioavality of metals in the natural
water. The lower the pH the higher the solubility heeavy metals, and thus
increases in metal bioavailability (Waitet al, 1984). Cu and Cr in
Pomphorhynchus kashmirensisowed positive correlation with pH of water. Zn
and Cr inBothriocephalus acheilognatishowed positive correlation with pH of
water.Cd concentration iAdenoscolexshowed positive correlation with pH of

water.

A decreased redox potential, as it is often saseuoxygen deficient
conditions, will change the composition of metaimpbexes and release the
metals into the overlying water (Osmoeidal.,1995). During the sampling period
of this study, the dissolved oxygen was found toirbehe range 3.55to0 6.78
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mg/land 4.97to 8.16 mg/l in Dal Lake and River dinel respectively. Also, in all
the sites pH of the water measured to be alkaliffeese oxygen and pH
conditions are not favorable for the solubilitytbé metals; it was not expected to
find high amounts of dissolved metals in water das\pZn concentration of
water and Fe concentration Bothriocephalus acheilognathivas positively
correlated with DO.However, the two parasites wtitielve relation directly with
water areAdenoscolex oreinand Pomphorhynchus kashmirensi&denoscolex
oreini was positively correlated with Cd concentratiomiater during autumn and
winter whereas?omphorhynchus kashmirensigs positively correlated with Al
and Cr concentration in water. Therefore, the twoapites seem to act as bio-
indicators for the corresponding metals. The stitybiof heavy metals is
predominately controlled by the water pH (Osmoatd al., 1995), water
temperature (lwashita and Shimamura, 2003; Pappadiki et al., 2008) and the
redox environment of the lake water (Osmoed al., 1995; Iwashita and
Shimamura, 2003; Papafilippa&t al, 2008). The behavior of metals in surface
water is reported to be a function of the substssdiment composition, the

suspended solid composition and the water chem(i@®gynondet al.,1995).
5.6 Histopathology of parasitic infections ofschizothorax niger

Histopathologically, all the three parasites segnteinduce lesions in
intestines characterized by various intensities efteritis coupled with
hyperplastic goblet cells with increased acid mutggaccharide
concentration®omphorhynchus kashmirensiss severely pathogenic compared
to other two cestodes which could be the resulthef spined proboscis of the
acanthocephala.The degenerative lesions of livatdcbe the result of various
toxic metal concentrations in water in additiorthe additive damaging effect of
parasitesGenerally, acanthocephalans cause more damage totéstinal tissues
and induce more complex host response, mainly,towkeeper penetration into
the gut mucosa and worm burdens (Bullock, 1963¢ pathogenicity caused by

acanthocephalans also depends on the parasitefieasés and site of localization
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(Esch and Huffines, 1973; Hine and Kennedy, 1974Dbhough and Gleason,
1981 and Hamerset al.,, 1992). The fishes showed grayish or yellowish
discoloration with various degrees of emaciatiod wiscera looked reddish pink
on opening the abdomen which might be due to deggeetration of proboscis
and bulb and can be used as an indicator for thgepce of parasite. This finding
Is similar to those reported by Dezfuli (1991) &nwekfuli et al(2002) forP. laevis
infection in Leuciscus cephalusSometimes, the proboscis Bbmphorhynchus
perforates the capsule and penetrates the liveai¢Garn and Bullock, 1967,
McDonough and Gleason, 1981 and Taraschewski, 19B@)essive mucous
production at the host-parasite interface may bensequence of host reaction for
defence, as mucous layer on intestinal mucosa ata physical barrier for
microorganisms, parasites and their toxins (Lamd892 and Boset al., 2005)
and therefore prevents secondary infection. Excessous secretion and
significant increase in the number of mucous cadl been reported in the infected
fish with acanthocephalans as well as in infectesnmals with other parasites,
which was correlated with the defence of host (Bsisal., 2005). Significant
increase in the number of goblet cells had beemvshno the parasitized pyloric
caeca of green sunfishepomiscyanellusvith Leptorhynchoidesthecatushich
secrete excessive mucus and provide defence thaste(de Buron and Nickol,
1994).P. kashmiriensigparasites had pierced the intestinal wall and Viiendy
attached and to be deeply penetrated till lamingpne and thereby causing
erosion of villi and epithelial layer. Similarlypmplete penetration of proboscis
and bulb and thereby fibrosis, hemorrhage, inflationaand cell necrosis have
been reported in infected fishes with several dwadphalan species (Bullock,
1963; Chaicharn and Bullock, 1967; McDonough anéaGbn, 1981; Dezfuli,
1991; Taraschewski, 1989 a; Wansslhl., 1986; Abu El-Ezz, 1988 and Dezfuli
et al.,2002, 2008). The deeper penetration of probosasbaith may be assisted
by proteolytic enzyme as suggested by Polzar anasthewski (1994) for deeper
penetration ofP. laevis.It was further shown that those acanthocephalaciep
which, lack the activity of this enzyme cannot gesie the collagenous structure



and take several days to weeks to penetrate tlestimal wall (Taraschewski,
1989). The compression/erosion of epithelial cellshe areas of trunk contact
with the host tissues is similar to those repokigdullock (1963) and Chaicharn
and Bullock (1967) forAcanthocephalus jacksorand P.Bulbicoli infections
respectively. Intense host reactions and cellutdiitriation at the site ofP.
kashmiriensisattachment was similar to those reported by maonkers on other
species oPomphorhynchugEsch and Huffines, 1973; Hine and Kennedy, 1974;
McDonough and Gleason, 1981 and Dezfuli, 1991). o@ier inflammation
leading to an increased amount of connective tjgtuekening of lamina propria
and infiltration of leucocytes has been reportedtled site of A. jacksoni
attachment (Bullock, 1963). Hamerst al. (1992) reported inter-specific
differences in the response of leucocytes in iefgdish withP. ambiguousand
suggested that the cellular defense might be imeblwn determining the host
specificity as unsuitable host expel the parasiteiwa few days.

The histopathological changes caused bycestodesvegied in severity
with the season and parasitic burden. The fishctate with Bothriocephalus
acheilognathiwere anemic and emaciated. The viscera were @drlom opening
the abdomen. The intestinal contents showed lohwfous and contained dark
contents. The mucosal wall was red in colour asd atvealed necrotic surface.
Fishes infected witthdenoscolex oreinwere anemic and the abdomen appeared
slightly pot bellied. Viscera appeared red on opgnthe abdomen and the
abdominal fluid was tinged red. On opening the stibe necrotic debris was
present on the surface and numerous parasitespesest. The histopathological
alterations observed in the intestine of fish (seveegenerative and necrotic
changes in the intestinal mucosa as well as edesbaebn submucosa and
mucosa) might be the result of cestodes, and legouslsly been attributed also
to the uptake of toxic metals (Hanegal., 2005).

The contributing effected of heavy metals canretdfuted. The present

results are in agreement with those observed byynmarestigators about the



effects of metals on fish intestine (Giatial, 2007; Hannat al, 2005). Uptake
of metals occurs mainly through gills but may atsour via intestinal epithelium
(Mohamed, 2008). The histopathological alteratiobserved in intestine might
have been also aggravated by toxic metals (Hatred, 2005). Toxic lesions
most common in the intestine of fishes exposedadnoum chloride include
atrophy in the muscularis, degenerative changdserips of villi and necrosis of
submucosa (Kaouet al, 2011). In the intestine @hanna punctatusxposed to
HgCl, the degenerative changes in the tips of malcfmdds, 2 hypertrophy and
necrosis were observed (Sastri and Gupta 1978)ilg8liyn cellular debris,
vacuolation in intestine oMugil auratus exposed to inorganic and organic
mercury were also observed in another study (Hstaél al., 1978). The major
damage induced by cestodes consisted of necrogdislanghing of stomach and
intestine epithelium. At the site of infection, nemaus RCs and mucous cells
were seen in the epithelium. Rodlet cells are et to fish, and their
ultrastructure is well known. Data from severalemgcsurveys of wild and farmed
fish support the suggestion that RCs are an imnuetietype closely related to
other piscine inflammatory cells such as mast c@lezfuli et al, 2008;
Jordanoveet al, 2007; Reite, 2005; Reite and Evensen, 2006;ianglet al,
2009). The attachment organ of endoparasitic héfminoften provokes
inflammation of the host gastrointestinal tractldmmation is a protective reaction
of the host in response to injury, resulting incfie chemical and morphological
alterations in cells and tissues (Suzuki and 1kf92). The first level of defense
consists of the substances secreted into the lumeinding mucus, bicarbonate,
acid, immunoglobulins, and other antibacterial auniface-active phospholipid
materials (Martin and Wallace, 2006; Wallace and BG01). Severe enteritis with
heavy infilitration of inflammmtory cells and fiblotasts wre seen in lamina propia.
Lamina epithelialis showed severe desquamationrdilecintestinal villi were
evident. Goblet hyperplasia was seen alongwith iddtion of acid
mucopolysaccharide. It appears that several pepid®lved in the regulation of
intestinal mucus secretion are released duringnmfhation (Fairweather, 1997;
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Lamont, 1992; Plaisanciet al, 1998). Fish mucus is involved in a wide range of
functions, including respiration, reproduction, iton, feeding, ionic and osmotic
regulation, and protection against, and resistémcdisease (Schroees al, 2009;
Shephard, 1994; Smirnow al, 2003; Yaret al, 2007). It has been reported that,
in some fish species, mucous cells produce andseldefensive materials (Cab
al., 2002; Nakamurat al, 2001).

Although, the present study did not include aksh findings, yet we
observed severe degenerative changes in villi tstreicin brown trout naturally
infected with an acanthocephalan, the number of omsiccells increased
significantly, and copious mucus secretion appeasegn adherent blanket around
the worm body, at the site of infection (Bai al, 2005). In a comparison of
uninfected to infected brown trout intestines, hatims were associated with
increased thickness of the mucus layer (Bdsil, 2005). In the present study, in
parasitized Schizothorax niger hyperplasia of intestinal mucous cells and
enhanced mucus secretion were documented. Cestolileshwere often covered
with an adherent mucus blanket. Our data are ieemgent with the suggestion
that the mucus gel layer protects the underlyinghefpjum as a physical barrier
against pathogens and their toxins (Lamont, 1992yré&rset al, 2009). C.
rudolphii larvae induced severe damage within the tunicgroand on the
external surface of the stomach and intestine, wotispicuous granulomas. Data
on fish granulomas provoked by helminths have breported by Taraschewski
(1988, 1989) and Karanis and Taraschewski (1998)lul@ar composition and
zonation of fish granulomas appear to be similah&b of granulomas observed in
other vertebrates (Boros, 1978).An anguillagranulomatous tissue was formed
mainly by fibroblasts which were interspersed withst cells and a small number
of scattered macrophages.

It has been reported that mast cells are majtacter cells in the
immune response to helminth infection (Dezttlial, 2008; Sharget al, 1989)

and suggested that mast cells or their productpisctal in mediating leukocyte



recruitment to inflammatory sites (Mekori, 2004)asd cells have been associated
with defense against bacteria (Wedemeskenl, 2000) and metazoan parasites
(Dezfuli et al, 2000, 2008; Dezfuli and Giari, 2008; Reite, 2008heir primary
function is considered to be stimulating the adioraof cells such as neutrophils
to kill pathogens (Reite and Evensen, 2006), botesevidence suggests that they
may also participate directly in killing microbddyrray et al, 2007; Silphaduang
et al, 2006; Silphaduang and Noga, 2001). Recentlpst been reported that the
mast cells of Perciformes, the largest and mosluéeoarily advanced order of
teleosts, contain histamine, which regulates thah finflammatory response
(Mulero et al, 2007, 2008). A close relationship between maaitscand
fibroblasts in various fish species has been repoElafnoet al, 1996; Kentet
al., 1993). In mammals and fish, several lines oflente indicate that mast cells
are involved in the fibrotic process and tissue adeating (Dezfuliet al, 2008;
Hrckovaet al. 2006; Metcalfeet al, 1997; Rocha and Chiarini-Garcia, 2007).

Liver of fish is sensitive to environmental contaamts because many
contaminants tend to accumulate in the liver anglosig it to a much higher
levels than in the environment, or in other orgéDbveira-Ribeiroet al, 2002).
The liver of fish infected with cestodes showed kedrhistopathological changes.
Degeneration and necrosis of the hepatocytes nlightiue to the cumulative
effect of metals and the increase in their conegioins in the liver. These results
agreed with Authman and Abbas(2007) who statedthigtiver has an important
detoxical role of endogenous waste products as agetxternally derived toxins
as heavy metals. The cellular degeneration in e Imight also be due to
oxygen deficiency as a result of gill degeneratowl/or to the vascular dilation
and intravascular haemolysis observed in the bl@ssels with subsequent stasis
of blood (Mohamed, 2001). Many authors have repostmilar histopathological
alterations in the liver of fish exposed to metédghikesavanet al, 2006;
Triebskornet al, 2007; Vanret al, 2007). The liver showed degeneration of the

hepatocytes, congestion of central vein and nugdgnosis in the majority of
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hepatic cells. These findings were apparent adivbe is considered to be the
organ of detoxification, excretion and binding gios such as metallothionein
(MTs). The metal-binding proteins in the nuclei bé&patocytes have been
suggested to increase the cell damages (De Smdilast] 2001). Similar results
were observed by Van Dyk (2003) and Maha al. (2007). Liver of fish is
sensitive to environmental contaminants becauseynamtaminants tend to
accumulate in the liver and exposing it to a muaghér levels than in the
environment, or in other organs (Heath, 1995). Pagh& Santos (2002)
described increased vacuolisation of the hepatecgtea signal of degenerative
process that suggested metabolic damage, possébfifed to exposure to
contaminated water. Presence of mainly glycogenthe vacuoles of the
hepatocytes shown by PAS method in the preseny shadvever, suggested that,
the vacuolization need not be related to a degéwergprocess. The liver
parenchyma of the fish showed signs of degenerdtgtoplasmic and nuclear
degeneration, and nuclear vacuolation). Theseatdilbess are more severe and
have been associated with the exposure of thesfigheontamination by metals,
such as copper (Paris-Palacgisal., 2000) and mercury (Oliveira Ribeiet al.,
1996), and by polychlorinated biphenyls (PCBs) (@h&t al., 1998). The
histological changes observed in the intestines lavad of the S. nigerin the
present study indicated that the fish were respanth the direct effects of the
contaminants as much as to the secondary effegteday stress. The analysis of
the seasonal variation in the histological paramseieads to the conclusion that
the changes observed in the three organs were pparently related to the
seasons, and neither were the distribution or thergty of the lesions. Such
information confirms that histopathological altévas are good biomarkers for
field assessment, in particular in tropical ardaat tare naturally subject to a
multiplicity of environmental variations. It must eb emphasized that
histopathology is able to evaluate the early effeadd the responses to acute

exposure to parasitic infections and chemical stnes



Chapter6

SUMMARY AND CONCLUSION

The present study was undertaken with the objestto determine the
incidence of helminth parasites in fishes with sgleeference to water quality
parameters, and histopathological changes causdtelesidues of these metals
in the liver and intestines effected by differerdrasites, also to assess the
concentration of various metals in water, fishuesand helminth parasites of the
fishes in Dal Lake and River Jhelum and show cati@hamong these metal
levels and physicochemical parameters. For thipgae water and fish samples
were collected seasonally. Water samples from éhected sites were collected
10cm below the surface. Three replicate of surfaater samples were collected
from three different points of the same locationngspolyethylene sampling
bottle. The water samples were acidified immedyaddler collection by adding 5
minitric acid to minimize adsorption of heavy metahto the walls of the bottles
and stored at °€C untili metal analysis. Fish speci8shizothorax niger,
Schizothorax esocinus, Schizothorax curvifjoabng with their parasiteswere
collected randomly from two water bodies with the @f local fishermen, quickly

killed and stored on ice.

All the four physicochemical parameters TempemrtubDissolved
oxygen, pH and free carbon dioxide showed variatisla-vis the season and
location of the stations in water bodies. Highestperature in Dal Lake was seen
at Dalgate during summer (27.22+1°¢) while the lowest temperature was also
recorded at the same site during winter (6.55£2C48Similarly, the highest
temperature (19.44+£1.50) in Jhelum River was rezbrat Chattabal weir while
lowest (4.38+1.32C) was recorded at Khannabal indicating that theemear the
source of origin is at lower degree than down therrflow. Besides the
temperature of water in Jhelum River is at lowegrde than that of Dal Lake.pH
of the waters of Dal Lake and River Jhelum wasedawithin the alkaline range.

The pH of Jhelum river water was comparatively lasline than that of Dal
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Lake. In Jhelum the highest pH recorded at Khannass during spring
(8.35+0.51) and the lowest was at Chattabal wermduautumn (7.03+£0.28).In
Dal Lake the highest pH was noted at Hazratbalngusummer (8.47+0.41) and
lowest was at Dalgate during autumn (7.45+0.35P&h Lake DO was highest at
Telbal (6.78+1.25 mg/l) during spring while lowegas at Hazratbal (3.55+1.19
mg/l) during summer.In River Jhelum DO was highetsKhannabal (8.16+1.43
mg/l) during spring while lowest was at Zero brid@e97+1.50 mg/l) during
autumn.DO of River Jhelum was noted at higher levell the seasons compared
to that in Dal Lake.Free carbon dioxide in Dal Lakas highest (12.88+2.21
mg/l) at Telbal during spring while the lowest waand at Saidakadal (3.16+0.93
mg/l) during autumn.In River Jhelum highest free ,(0®.11+2.26 mg/l) was
found at Chattabal weir during summer and lowest alao recorded (3.08+1.83
mg/l) at the same site during autumn.Free carboxidie was found higher in Dal
Lake than in River Jhelum in all the seasons ofytea.

Three different species &chizothorawiz. S. niger S. esocinugndS.
curvifrons were recovered from both the water bodies. The vexgo of S.
esocinusvas more from Dal Lake followed 8. nigerandS. curvifronswhile as
from Jhelum river recovery @&. nigerwas higher followed bf. esocinuandS.
curvifrons Acanthocephalan parasit€gmphorhynchus kashmirengsr.47%)
and two intestinal cestodesBdthriocephalus acheilognai(80.63%) and
(Adenoscolex orei)(32.43%) were recovered from all the three speaés
SchizothoraxIn Dal Lake and River Jhelufomphorhynchus kashmirensias
more prevalent in .Shiger and S. curvifronduring summer, respectively. Lowest
prevalence of the parasite was during winter irhlibe water bodies. Overall the
mean intensity ofPomphorhynchus kashmirensigas highest in Dal Lake
whereas its abundance was higher in River Jhelunbbth the cestodes mean
intensity and abundance were higher in River JheliBothriocephalus
acheilognathiprevalence was highest $ esocinusandS. nigerin Dal Lake and

River Jhelum, respectively, during summe@lenoscolex oreinivas seen more in



S. nigerand S. curvifronsin Dal lake and River Jhelum during Summer and
lowest during winter, respectively.Both the cestdad the acanthocephalan
infection were prevalent more in male fishes coragaro females.The mean
intensity and abundance of both the cestodes vghesii in summer and lowest in
winter. The presence of the parasites had redueeddndition coefficient of the
infected fishes in both the water bodies howeuss; dverall condition factor of
Jhelum river fishes was higher. In summary, seasmmdition factor and
microhabitat seem to have a significant impact @ helminth infection. A
positive correlation existed between the water tnajpre and pH with the
prevalence of all the three parasites while asas wegatively correlated with the
DO. With regard to free carbon dioxide, exc@umphorhynchus kashmirensis

both the cestodes showed positive correlation.

Histopathologically, all the three parasites segrtteinduce lesions in
intestines characterized by various intensities efteritis coupled with
hyperplastic goblet cells with increased acid mutygaccharide
concentration®omphorhynchus kashmirensiss severely pathogenic compared
to other two cestodes which could be the resulthef spined proboscis of the
acanthocephalan.The degenerative lesions of liwaldcbe the result of various
toxic metal concentrations in water in additiorthe additive damaging effect of

parasites.

The overall concentrations of different heavy riseia the two water
bodies showed significant variations both seasahlacation wise.In Dal Lake
the concentrations of Co, Ni, Mn, Cr, Fe and Cdendgher than the permissible
limits as recommended by WHO/FEPA/IAEA-407. Simijain River Jhelum the
concentrations of Ni, Mn, Cr, Fe, Cd in water wargher than the permissible
limits.Pb and Hg were below detection levels inhbtite water bodies while Cu

and Zn were recorded only in Dal Lake and Rivetulherespectively.

In Dal Lake the ranking of mean concentration dfmetals at Dalgate,

Saidakadal, Hazratbal and Telbal were Fe > Ca >Mw> Zn > Cd > Cu > Ni
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>Co>Cr; Fe>Mn>Ca>Al>Zn>Cd > Ni>CoCr >Cu; Al>Fe>Ca
>Mn > Zn > Cd > Ni > Co > Cr > Cu and Fe > Al > €Mn > Cu > Ni > Co >
Zn > Cd > Cr respectively.In Jhelum river the rangkof the metals at Khanabal,
Zero bridge, and Chattabal weir were Fe > Ca > Mr»> Zn > Co > Cd > Cu >
Cr>Ni; Ca>Fe >Al>Mn>2Zn>Ni>Cu>Co >CdCr; and Fe > Mn > Ca >
Al > Co > Zn > Cd > Ni > Cu > Cr respectively. IrmOake thePomphorhynchus
kashmirensisS.nigerliver and muscle and the ranking of the 12 metedsee Ca>
Fe> Mn> Cr> Cu> Ni> Zn> Al> Cd> Co, Ca> Fe> Zn> ACu> Mn> Cr> Ni>
Co> Cd and Cd> Ca> Cr> Zn> Cu> Mn> Al> Ni> Co> @&dpectively. In river
Jhelum were Ca> Fe> Mn> Cr> Al> Cu> Ni> Zn> Co> @3> Fe> Zn> Al>
Mn> Ni> Cu> Co> Cr> Cd and Zn> Fe> Ca> Cu> Cr> Aln> Co> Ni> Cd
respectively. In Dal lake thBothriocephalus acheilognathi; S. nigéver and
muscle and the ranking of the 12 metals were Fe> &a Zn> Mn> Cr> Cu>
Ni> Cd> Co; Fe> Ca> Cu> Zn> Al> Mn> Ni> Cd> Cr> @God Fe> Ca> Zn>
Al> Cr> Ni> Cu> Mn> Cd> Co respectively. In rivenelum were Fe> Ca> Zn>
Al> Cu> Mn> Cr> Ni> Co> Cd; Fe> Ca> Zn> Cu> Al> Mm¥i> Cr> Cd> Co
and Ca> Fe> Zn> Al> Cr> Mn> Ni> Cu> Co> Cd respeagly. In Dal lake the
Adenoscolex oreini; S. nigéiver and muscle and the ranking of the 12 metals
were Ca> Zn> Fe> Mn> Al> Cu> Co> Ni> Cd> Cr;Fe> Qdn> Al> Cu> Zn>
Cd> Ni> Co> Cr and Fe> Ca> Al> Mn> Zn> Cu> Ni> C@r> Co respectively.
In river Jhelum were Ca> Fe> Cr> Mn> Al> Zn>Cu> Ci> Co; Ca> Fe> Al>
Zn> Cu> Mn> Ni> Co> Cd> Cr and Ca> Fe> Al> Zn> CGr> Ni> Mn> Co>

Cd, respectively.

In Dal Lake the concentrations of copper (1.25gpgzinc (5.69 ng/g)
and iron (29.3 pug/g) were maximum in the muscfasfected fishes which were
still lower than the Maximum Limit recommended byH®/FEPA/IAEA-407
whereas on the other the concentration of nické80(Qug/g), manganese (1.69
Kng/g), cadmium (0.78 pg/g) and chromium (2.86 pygapminum (2.99 pg/g)
were higher than the permissible limits. In Riveneldlm the maximum
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concentration of nickel (0.80 pug/g), manganesel(fug/g), aluminum (2.99ug9/g),
cadmium (0.19 pg/g) and chromium (0.82 ug/g) inrthescles of infected fishes
were higher than the permissible limits. Whereashenother the concentration of
copper (0.86 pg/g), zinc (3.93 pg/g), iron (24.4gxgn the muscles of infected
fishes were still lower than the maximum Limit rewmmended by
WHO/FEPA/IAEA-407.

Cr, Mn, Cu, Zn, Al, Ca concentrations in water \8bd positive
correlation with water temperature.Cu concentration Pomphorhynchus
kashmirensisand Adenoscolex oreinshowed positive correlation with water
temperature.Cr concentration Homphorhynchus kashmirensbowed positive
correlation with water temperature.Fe, Zn, Cd, @d @o concentrations in water
showed positive correlation with Free €@Qu and Cr inPomphorhynchus
kashmirensis showegositive correlation with pH of water. Zn and Qr i
Bothriocephalus acheilognatlshowed positive correlation with pH of water.Cd
concentration inAdenoscolexshowed positive correlation with pH of water.Zn
concentration of water and Fe concentratioBathriocephalus acheilognathias
positively correlated with DO. However, the two asites which have relation
directly with water areAdenoscolex oreinand Pomphorhynchus kashmirensis
Adenoscolex oreini wagpositively correlated with Cd concentration in @rat
during autumn and winter whereBemphorhynchus kashmirensigas positively
correlated with Al and Cr concentration in watehefefore, the two parasites
seem to act as bio-indicators for the correspondietals.

Therefore, the following conclusions could be dmafrom the present

studies.

» All the four physicochemical parameters temperatdissolved oxygen,
pH and free carbon dioxide showed variation vissathe season and

location of the stations in water bodies.

* Both the cestodes and the acanthocephalan parastesprevalent more



in male fishes compared to females.The mean irtteasd abundance of
both the cestodes was highest in summer and lowmestinter. The
presence of the parasites reduced the conditigarfa€the infected fishes
in both the water bodie.However, the overall canditfactor of fish in
Jhelum river was higher. A positive correlationstead between the water
temperature and pH with the prevalence of all thred parasites while as
it was negatively correlated with the DO. With repdo free carbon
dioxide, excepPomphorhynchus kashmirensisth the cestodes showed

positive correlation.

Histopathologically, all the three parasites seertednduce lesions in
intestines characterized by various intensitiesewofferitis coupled with
hyperplastic goblet cells with increased acid mutypgaccharide
concentrations.The lesions could have been aggavhy the metal

concentration in water under field conditions.

The overall concentrations of different heavy neetal the two water
bodies showed significant variations both seasa@hlacation wise.In Dal
Lake the concentrations of Co, Ni, Mn, Cr, Fe amdw@re higher than the
permissible limits as recommended by WHO/FEPA/IAERZ. Similarly,

in River Jhelum the concentrations of Ni, Mn, Ce, Ed in water were
higher than the permissible limits.Pb and Hg weslow detection levels
in both the water bodies while Cu and Zn were r@edronly in Dal Lake

and River Jhelum, respectively.

The two parasites which have direct relation witiitev areAdenoscolex
oreini and Pomphorhynchus kashmirensi®\denoscolex oreiniwas
positively correlated with Cd concentration in watkiring autumn and
winter whereaPomphorhynchus kashmirensisas positively correlated
with Al and Cr concentration in water. Thereforge two parasites seem

to act as bio-indicators for the corresponding iiseta
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Correlation studies:

APPENDICES

Table 1: Correlation between the concentrations oheavy metals of Fish tissues and different parasgeduring summer
season of Dal Lake
Water Adenoscolex LAP MAP Bothriocephalug LBP MBP | Pomphorhynchus LPP MPP
Copper -.235 -.930 322 -.016 -.822 -.087 -.460 .238 .04
Zinc -.286 -.027 -.439 -.124 -.679 -.841 -.358 172 129
Cobalt -.263 147 .350 -.629 .826 627 -.550 .009 088.
Nickel -.599 142 -.490 -.019 75 -.252 -.690 .26 -.128
Manganese - 1774 175 -.070 -.295 - 71y -.280 -.397 521 -.021
Chromium -.578 -.229 402 .369 -.900 463 542 .368 -.001
Aluminum 174 -.922 -.534 408 -973 -.751 -.643 -265 | -.73¢
Iron -.258 -.378 .104 -.549 -.729 -.082 321 .638 137.
Calcium 874 -.193 551 -.706 -.654 121 -.403 572-.515
Cadmium -.409 -.657 .027 319 -514 -.955 -.966 -080 | -.031




Table 2: Correlation between the concentrations oheavy metals of Fish tissues and different parasgeduring spring
season of Dal Lake
water Adenoscolex LAP MAP Bothriocephalus| LBP MBP | Pomphorhynchus LPP MPP
Copper -.503 .089 -.279 - 741 4338  -519  -897 313 | -.668
Zinc 204 -.139 201 .480 -.04Y  -.280 525 -.450 493.
Cobalt -.141 .784 791 -.812 .031 -.387 381 453 220.
Nickel 690 791 .886 -.995 -496 | .292 -.876 .336|  -.489
Manganese -.003 -.890 -.149 .062 -.753 .320 .848 -.041 -.202
Chromium 633 -.554 183 -172 -.947 | -.848 758 672 | 415
Aluminum -.370 -.363 641 134 -804  .64D -.663 250/ .526
Iron -.929 .053 -.396 -.784 -.007 -.209 -.231 -.438 -.024
Calcium 552 -.123 -.183 -.817 293 -.843 -.300 1.6} -.218
Cadmium -.381 -.060 -.874 -.525 .298 .72 276 6.09.958




Table 3: Correlation between the concentrations oheavy metals of Fish tissues and different parasgeduring autumn
season of Dal Lake

water Adenoscolex LAP MAP Bothriocephalus| LBP MBP | Pomphorhynchug LPP MPP
Copper -.595 -.522 -.798 -.183 677 -.494 .563 4.03.141
Zinc 432 -.947 -.418 -.387 -595| -.958 -.081 -.653 | -.351

Cobalt 313 .835 .670 - 767 -.860 =171 .864 -.910120
Nickel 675 -717 255 .086 -804 991" -.362 -805| .128
Manganese -.800 -.009 .634 -.282 -.82 435 -.128 .550-| -.852
Chromium 784 583 148 462 531 .991" -.366 -640| .875
Aluminum -.207 -.679 -.626 .554 -.184 27 313 175 -.536
Iron -.513 -.957 -.274 .393 164 524 316 -.6p3 524.
Calcium -.253 -.501 -.582 -211 976" | .611 -.650 -949 | -.675
Cadmium 984" -.644 -.609 -.385 .145| 893 -535 -754 | .047




Table 4: Correlation between the concentrations oheavy metals of Fish tissues and different parasgeduring winter
season of Dal Lake
water Adenoscolex LAP MAP Bothriocephalus| LBP MBP | Pomphorhynchusg LPP MPP
Copper -.248 -.253 .864 -.859 -.837 .672 -.125 .2Y4-.017
Zinc -.870 .091 .686 182 -.553 .398 -.693 -.890 -.661
Cobalt -.005 .096 .909 .805 -090 | -.092 .601 -.149 .300
Nickel .190 295 -.207 -.278 156 -.26// .688 -.379-.853
Manganese -.377 373 648 648 837  .0F1 119 | 977" | -.937
Chromium -.462 .283 -.164 .248 .624 -.029 -.404 1.02 .042
Aluminum -.316 285 881 -.127 211 | -.850 -.349 470 .939
Iron .388 -.597 -.882 247 252 .082 406 -477 -.321
Calcium 192 .019 -.554 .253 -.297| 257 -.582 .784 -.496
Cadmium 929 -.842 907 -.378 479 | 105 -.482 -138  -.31p




Table 5:

Correlation between physicochemical paranmers and heavy metal concentrations of water duringsummer

season of Dal Lake

Copper| Zinc | Cobalt Nickel Manganese Chromium  Aloumn Iron Calcium| Cadmium
Temperature| -.706| -.668  -.625 .056 .832 -269  927. 716 957 211
Dissolved Q .550 -.402 .615 .286 -.419 72 -.716| -.953 -.829 229
Free CQ -672 | 885 | -621 | -.135 471 -.726 721 | 914 841 -.106
pH .654 -.570 405 -.054 -.360 .607 -569| -.905 -.723 153
Table 6: Correlation between physicochemical paranters and heavy metal concentrations of water duringspring
season of Dal Lake
Copper| Zinc Cobaltt Nickel Manganese Chromium  Alounnn Iron Calcium Cadmiunl\
Temperature .340 .619 -.318 690 .879 -.479 -.598 743 434 707
Dissolved Q -.558 218 -.704 239 -.275 412 939 -.795 473 -.846
Free CQ 414 .073 -.098 128 .693 -.046 -.755 .84 304 .918
pH -.933 194 -.158 110 -.625 .806 .367 -.66 .620 -.434




Table 7: Correlation between physicochemical paranters and heavy metal concentrations of water duringautumn
season of Dal Lake
Copper| Zinc Cobalt Nickel Manganese Chromium  Aloumn Iron Calcium CadmiunL
Temperature| -.752| .982" | .638 254 -.578 -.928 -.815 957 | -.936 -.902
Dissolved Q -.258 480 175 -.436 .748 472 416 324 571 478
Free CQ 541 754 -.707 -477 135 .856 .869 .856 878 911
pH -.698 -.680 441 275 -.306 -.540 -.368 -.650 575. -.658
Table 8: Cokrrelation between physicochemical paranters and heavy metal concentrations of water winteseason of Dal
Lake
Copper| Zinc Cobaltf Nickel Mangane;s Chromium  Alounmn Iron | Calcium| Cadmium
Temperature| -.136| -665 -661 -630 .972° -.108 -.363 -.423 162 287
Dissolved Q -.403 -.402 -.684 -.404 .852 -.363 -.518 -.398 .004 .037
Free CQ .255 .885 .345 435 -.866 215 414 484 .01G -.639
pH -.618 -.570 -.590 -.366 .832 -.607 -.356 - 701 094. .286




Table 9:

Correlation between the concentrations oheavy metals of Fish tissues and different parasgeduring summer
season of River Jhelum

water Adenoscolex] LAP MAP Bothriocephalus| LBP MBP | Pomphorhynchus LPP MPP
Copper -.787 821 -478 024 370 .933 797 -724| -.654
Zinc -.992 -.444 -.497 -.141 247 .008 -.052 -431| .825
Cobalt -.509 .385 .749 .709 -.359 -.147 415 .328.214
Nickel .823 146 424 211 -.452 102 .806 -.307 041
Manganese .558 -.319 .300 -.504 -.740 -.569 -.357 939 | -.630
Chromium -.215 .057 957 -.160 -.470 -.871 -.263 -647 -71
Aluminum .220 -.906 .067 518 -.872 719 159 -.4138 45
Iron .550 163 .584 -.114 -.366 .607 399 -402 0.6
Calcium 229 .746 141 -.115 402 .280 -.397 -.425.760
Cadmium -.486 126 -.165 .631 -.444 .070 -.660 .0’68216




Table 10: Correlation between the concentrations oheavy metals of Fish tissues and different paragis during spring

season of River Jhelum

water Adenoscolex LAP MAP Bothriocephalus| LBP MBP | Pomphorhynchus LPP MPP
Copper 167 -571 -.365 -.606 -.446 408 741 -.245.005
Zinc -.344 -.087 -.248 .856 -.033 .924 -.238 -957 | -598
Cobalt 244 213 720 -.183 968" 875 -.508 -.243 .258
Nickel -.009 -.691 254 -.249 .286 .54p .692 -.384-.450
Manganese -.406 -.096 .832 .764 -.265 219 -.468 010-.| .633
Chromium 519 .565 404 -.195 .60( -.599 .598 -.243.258
Aluminum 220 -.466 -.983" 139 -.247 | -.935 .013 073 | .065
Iron -.166 -.761 252 -.427 -. 742 -.080 .302 74 725
Calcium -.249 611 -.780 319 -.245| .888 .851 752 -.504
Cadmium -.160 .042 .099 -.091 .009 .07 423 088" .010




Table 11: Correlation between the concentrations ofieavy metals of Fish tissues and different paragi$ during autumn
season of River Jhelum
water Adenoscolex] LAP MAP Bothriocephalus| LBP MBP | Pomphorhynchus| LPP MPP
Copper -.037 -.280 163 -.323 -.461 -.274 -.886 -.435 .365
Zinc 499 .146 521 .168 732 .139 -.287 -.813 .852
Cobalt .596 -.670 -.054 -.076 .136 -.109 .876 -.392-.070
Nickel -.561 -.295 452 -.817 547 -.387 -.243 549 .695
Manganese 220 -.683 178 -.800 -.710.986" -.267 796 | .530
Chromium -.320 .268 -.044 -.427 -.533 -.56/7 .539 58.2| -.100
Aluminum 225 -571 -.743 204 .100 -.756 933 -961" | .550
Iron -.842 .289 -.155 .258 .878 -.066 -.276 -.374 422
Calcium 282 283 -.688 -.108 -974" | -.834 .036 296 | -.508
Cadmium -777 -.113 -.853 444 -.565 -.4%6 .603 62.2| .059




Table 12:

Correlation between the concentrations oheavy metals of Fish tissues and different parasi$ during winter

season of River Jhelum

water Adenoscolex] LAP MAP Bothriocephalus| LBP MBP | Pomphorhynchug LPP MPP
Copper -.399 -.291 -.504 .284 345 -.1%8 -.316 7-.46 -.501
Zinc -.437 -.060 .355 337 077 -.210 .339 .049 86.3
Cobalt .620 .686 337 .269 -.621 -.6713 485 240 262.
Nickel -.718 .661 -.482 173 483 .056 -427 -.317.688
Manganese -.135 512 572 151 731 .8p2 -.410 2-.55.832
Chromium -.582 -.404 -.134 -.312 -.404 AT .908 .699 .549
Aluminum -.240 752 .646 -.285 936 -.251 227 462 -.318
Iron 214 .029 -.258 -.136 473 352 -.672 061 35.7
Calcium -.124 237 -.654 -.459 270 240 .568 -.337.669
Cadmium .533 -.090 -.075 -.783 -.513 -.513 -.746 47.0 .898




Table 13:

season of River Jhelum

Correlation between physicochemical paraeters and heavy metal concentrations of water durigp summer

Copper| Zinc Cobalt Nickel Manganese Chromium  Alowmn Calcium| Cadmium
Temperature 596 -.816 .605 -496 940 987" .801 -.605 -.213
Dissolved Q - 797 924 -.358 456 -.842 -.818 -.816 .160 -.303
Free CQ 939 | -046 | .047 | -.159 919 852 960" .033 437
pH .099 -.298 409 -.295 484 519 299 .36 -.547 -.428
Table 14:

season of River Jhelum

Correlation between physicochemical paraeters and heavy metal concentrations of water durigp spring

Copper| Zinc | Cobalf Nickel Mangane Chromium  Alounnn Calcium| Cadmium
Temperature 730| -.946 | -.129 | .963" 457 496 817 -.865 559
Dissolved @ | -.928 | .846 .048 -.788 -.133 -.692 |  -.907 826 -.368
Free CQ -151 | -902 | -.134 622 781 -.226 071 -.354 569
pH 403 | -.489| 515 -.301 -.216 451 217 -.176 .061




Correlation between physicochemical paraeters and heavy metal concentrations of water durign autumn
season of River Jhelum

Table 15:

Copper| Zinc Cobaltf Nickel Manganese Chromitm Al | Iron | Calcium| Cadmium

Temperature| -719| 972" | -835 | -791| -978 -.625 -.945 021 | -947 -.336
Dissolved @ | -.772 | -948 | -897 | -.801 -971" -.580 -.937 .079 | -.885 -.390
Free CQ .056 -.492 -.054 -.444 -.425 -.637 -.334 -.455 9.46 .362
pH -.458 -.642 -.257 -.031 -.572 -.009 -.569 350 .677 -.333
Table 16: Correlation between physicochemical parasters and heavy metal concentrations of water winteseason of
River Jhelum
Copper| Zinc Cobaltf Nickel Manganese Chromium  Alownn Iron | Calcium CadmiunL
Temperature 400 -.521 -.319 -608 .918 .384 -.783 .005| -.921 234
Dissolved Q 482 .096 -.833 -.739 .824 -.252 -.857 -.296 -.854 -.164
Free CQ -.306 -207 | .886 570 -.749 237 747 494 .763 .365
pH -.078 155 -.664 -474 461 481 -.768 -.015 426 -.067




Table 17: Correlation between the physicochemical grameters and Iron concentrations of Fish tissuesral different
parasites during autumn season of Dal Lake
Water Adenoscolex LAP MAP Bothriocephalus| LBP MBP | Pomphorhynchug LPP MPP
Temperature 293 .687 .083 -.638 -.35 -.974 -.122 757 430
Dissolved Q .009 -.195 .617 -.049 -.161 -.538 333 297 -.815
Free CQ -.352 -.062 -.125 111 -.359 170 757 -.437 -.460
pH -.094 .586 .069 -.923 -533 | -.800 174 976 | -.175
Table 18: Correlation between the physicochemical grameters and Iron concentrations of Fish tissuesral different
parasites during winter season of Dal Lake
Water Adenoscolex LAP MAP Bothriocephalus| LBP MBP | Pomphorhynchus LPP MPP
Temperature .559 573 -.043 -.059 -.48 611 -436 | .980" .035
Dissolved Q 482 817 .003 -.442 -.245 70R -.703 967" 408
Free CQ -.611 -.439 -.083 -.014 .785 -.245 156 -.847 126
pH .280 .854 372 -.468 -.397 .3%6 -.628 904 423




Table 19:

Correlation between the physicochemical grameters and Iron concentrations of Fish tissuesral different
parasites during spring season of Dal Lake

Water Adenoscolex LAP MAP Bothriocephalus| LBP MBP | Pomphorhynchug LPP MPP
Temperature -.686 .662 -.099 -.723 -.0717 395 233 -.179 577
Dissolved Q .584 .355 .053 .306 .078 .369 509 .826 203

Free CQ -.805 .038 -.340 -.802 461 243 -.469 -.443 .058
pH .694 -.028 .538 517 426 s -.192 -.079 .260
Table 20: Correlation between the physicochemical gzameters and Iron concentrations of Fish tissuesral different
parasites during summer season of Dal Lake

Water Adenoscolex LAP MAP Bothriocephalus| LBP MBP | Pomphorhynchus LPP MPP
Temperature -.240 -844  -.075 -.626 -700  -727 4.14 988" | -.182
Dissolved Q .505 .589 .002 767 .871 272 -.227 -.720 129

Free CQ -.506 -.632 -.181 -.765 -826  -.29) 342 716 -.114
pH 303 .486 324 574 .641 .140 -.580 -.613 -.141




Table 21:

Correlation between the physicochemical grameters and Iron concentrations of Fish tissuesral different
parasites during autumn season of River Jhelum

Water Adenoscolex LAP MAP Bothriocephalus| LBP MBP | Pomphorhynchus LPP MPP
Temperature 296 -394 .977 .854 141 | 586 -.200 -460  -.388
Dissolved Q 136 -455 | 912 950 292 | 428 -.119 -296|  -.237

Free CQ .862 077 .662 .052 -.646 544 .022 -.401 -.305
pH .208 .289 .533 .204 .029 587 -.308 -.802 -.749
Table 22: Correlation between the physicochemical grameters and Iron concentrations of Fish tissuesral different
parasites during winter season of River Jhelum

Water Adenoscolex| LAP MAP | Bothriocephalus| LBP MBP | Pomphorhynchus LPP MPP
Temperature 228 -.921 .703 -.682 518 -.441 -.155 -.233 -.188
Dissolved Q .612 -.624 951 -.854 110 119 -.251 -.432 504

Free CQ -.519 578 -.939 728 -.046 .012 .041 446 -.593
pH 733 -.295 .827 -.367 .780 -.180 .136 -.898 -.055




Table 23: Correlation between the physicochemical grameters and Iron concentrations of Fish tissuesral different
parasites during spring season of River Jhelum
Water Adenoscolex LAP MAP Bothriocephalus | LBP MBP | Pomphorhynchus LPP MPP
Temperature 185 -.572 75 -.247 -.876 449 .002 877 . -.508
Dissolved Q -.181 .392 -.543 .042 .863 -.00b -.379 -.920 332
Free CQ 116 -.489 .652 - 475 -.258 .959 -.673 157 -.457
pH 352 242 -.701 -.100 363  -.856 9571 -.231 278
Table 24: Correlation between the physicochemical gzameters and Iron concentrations of Fish tissuesral different
parasites during summer season of River Jhelum
Water Adenoscolex LAP MAP Bothriocephalus| LBP MBP | Pomphorhynchug LPP MPP
Temperature -.399 223 762 -.922 -463 | -.746 -.175 -912 | -.439
Dissolved Q 272 238 | -.917 907 908 | .154 -.154 923 .046
Free CQ 249 391 929 -.693 -.419 -.245 287 -.872 -.112
pH .053 597 .209 -.298 .34 -.817 -.047 -.288 5.71




Table 25: Correlation between the physicochemicalgrameters and Calcium concentrations of Fish tissiseand different
parasites during autumn season of Dal Lake
Water Adenoscolex LAP MAP Bothriocephalus| LBP MBP | Pomphorhynchus LPP MPP
Temperature -.054 .710 362 -.034 -976° | -.677 .356 .831| .891
Dissolved Q -.435 135 -.234 -.704 471 138 -.678 -.573 029
Free CQ -.454 -.630 -.842 -.300 791 598 -.828 -.873 -417
pH -.594 887 | -.061 -.214 -654 | -.811 -.084 352 .93T
Table 26: Correlation between the physicochemicalgrameters and Calcium concentrations of Fish tissigeand different
parasites during winter season of Dal Lake
Water Adenoscolex LAP MAP Bothriocephalus| LBP MBP | Pomphorhynchug LPP MPP
Temperature 192 158 214 .480 .661 -. 787 .029 63-.1 -.016
Dissolved Q .746 109 122 .093 .852 -.854 -.166 -.387 .248
Free CQ -.881 -471 -.185 -.606 -.679 .603 -.374 074 -.143
pH 939 490 | -.189 130 901 | -.587 -.084 -.105 456




Correlation between the physicochemicalgrameters and Calcium concentrations of Fish tissiseand different

Table 27:
parasites during spring season of Dal Lake
Water Adenoscolex LAP MAP Bothriocephalus | LBP MBP | Pomphorhynchug LPP MPP
Temperature .058 743 -.503 -.448 933 -.059 -. 746 -.183 -.803
Dissolved Q .664 -.872 572 -.547 -.607 -.86p .689 AS5[7 .736
Free CQ -474 .799 -.430 -.325 .881 271 -.859 -.204 | -.888
pH 485 -500| -.157 -.212 -292  -.618 .009 961" 171
Table 28: Correlation between the physicochemicalgrameters and Calcium concentrations of Fish tissigeand different
parasites during summer season of Dal Lake
Water Adenoscolex LAP MAP Bothriocephalus| LBP MBP | Pomphorhynchus LPP MPP
Temperature .863 -.384 .396 -.529 -.613 -.043 -.556 .336 -.740
Dissolved Q -.808 113 -.645 759 463 -.305 .061 -.596 .363
Free CQ 731 -.217 541 -.697 -.598 A7% .020 .98 -.349
pH -.571 424 -.315 483 .670 .038 -.114 -.382 411




Table 29: Correlation between the physicochemicalgrameters and Calcium concentrations of Fish tissigeand different
parasites during autumn season of River Jhelum
Water Adenoscolex LAP MAP Bothriocephalus | LBP MBP | Pomphorhynchus LPP MPP
Temperature -.457 -.325 .836 201 .863 .870 -.083 247- 374
Dissolved Q -.528 -.547 .730 139 819 .946 .065 -.033 .518
Free CQ -.180 .564 .863 381 329 114 -.566 -.799 -.517
pH -.276 292 .633 -.247 711 174 .021 -.877 -.052
Table 30: Correlation between the physicochemicalgrameters and Calcium concentrations of Fish tissigeand different
parasites during winter season of River Jhelum
Water Adenoscolex LAP MAP Bothriocephalus| LBP MBP | Pomphorhynchusg LPP MPP
Temperature -.032 .074 .700 450 -.603 -.156 -377 391 -.525
Dissolved Q -.231 -.157 .654 423 123 -.26bp -.531 .343 -.426
Free CQ 443 -.035 -.682 -.408 -.095% 233 421 -.374 .264
pH -.155 309 | .978" 965 -134 | -.840 -.832 -360| -.716




Table 31:

Correlation between the physicochemicalgrameters and Calcium concentrations of Fish tissiseand different
parasites during spring season of River Jhelum

Water Adenoscolex LAP MAP Bothriocephalus | LBP MBP | Pomphorhynchus LPP MPP
Temperature 195 -.436 734 -.181 .130 -.937 -.633 -.745 .387
Dissolved Q -411 .398 -.860 .565 -.448 711 674 902 -.006

Free CQ -.366 -.203 .003 .650 -.57( -711 -127 .081 .854
pH .395 -.251 227 -.639 .588 .288 -.398 -267 8.28
Table 32: Correlation between the physicochemicalgrameters and Calcium concentrations of Fish tissigeand different
parasites during summer season of River Jhelum
Water AdenoscoleX LAP MAP Bothriocephalus| LBP MBP | Pomphorhynchus| LPP MPP
Temperature -268 | -976 | -.784 -.539 -527| .197 369 .638 .82p
Dissolved Q .087 .621 770 .892 811 -.140 317 -.027 -.316
Free CQ 374 -.601 -.740 -.785 -.320 310 246 A72 364
pH -.622 -.624 -.143 .033 124 -.070 924 .826 .638




Table 33:

Correlation between the physicochemical grameters and Zinc concentrations of Fish tissuesnd different
parasites during autumn season of Dal Lake

Water Adenoscolex LAP MAP Bothriocephalus| LBP MBP | Pomphorhynchug LPP MPP
Temperature -.316 .898 568 471 668 | .929 249 759 270
Dissolved Q 978" -.587 236 -221 -358  -.570 665 080  -.496

Free CQ .255 -.899 -.462 -.598 -.318 -.561] -.260 -.741 267
pH .073 485 .861 572 79 .644 .653 .842 .068
Table 34: Correlation between the physicochemical grameters and Zinc concentrations of Fish tissuesnd different
parasites during winter season of Dal Lake
Water Adenoscolg LAP MAP Bothriocephalus| LBP MBP | Pomphorhynchus LPP MPP
X
Temperature 721 .278| -.910 -.067 137 -.266 .367 .642 .681
Dissolved Q .548 518 -.728 .059 A73 -.112 212 409 354
Free CQ -.842 -.249 .809 153 -.736 .268 -.627 -.842 -.6237
pH 77 318 -.736 .289 957 -.375 .208 426 248




Correlation between the physicochemical grameters and Zinc concentrations of Fish tissuesnd different

Table 35:
parasites during spring season of Dal Lake
Water Adenoscolex LAP MAP Bothriocephalus | LBP MBP | Pomphorhynchus LPP | MPP
Temperature -.114 -.474 .653 -.019 416 297 -.027 | -.830 | -.389
Dissolved Q 102 .051 -.823 144 -.919 -.587 -.027 390 -.327
Free CQ 148 -.076 537 .019 73] 242 -.513 -444  -419
pH 926 877 -.696 .885 -116 | -.984" -.094 752 | -.694
Table 36: Correlation between the physicochemical grameters and Zinc concentrations of Fish tissuesnd different
parasites during summer season of Dal Lake
Water Adenoscolex LAP MAP Bothriocephalus LBP MBP | Pomphorhynchus LPP | MPP
Temperature .091 -.545 -.443 .345 -.281 -.843 -.116 -.608 | .557
Dissolved Q -.601 .258 .855 -.423 -.20( .813 .569 749 -721
Free CQ .595 -.290 -.796 -.882 .184 505 -.612 -.836| .604
pH -.714 455 .656 -.720 -.362 817 523 gr4  -%70




Table 37: Correlation between the physicochemical grameters and Zinc concentrations of Fish tissuesnd different
parasites during autumn season of River Jhelum
Water Adenoscolex| LAP MAP Bothriocephalus | LBP MBP | Pomphorhynchus LPP MPP
Temperature -.639 -.007 -.657 .023 -.796 -.290 .364 .683 | -.798
Dissolved Q -.743 .089 -.730 .004 -.618 -.308 521 760 -.720
Free CQ -.116 -.449 -.306 -.062 -.908 115 -.437 -.043) -372
pH 274 -.523 .198 -.314 -.760 A7 -.368 453  8.79
Table 38: Correlation between the physicochemical grameters and Zinc concentrations of Fish tissuesnd different
parasites during winter season of River Jhelum
Water Adenoscolex LAP MAP Bothriocephalus | LBP MBP | Pomphorhynchus LPP MPP
Temperature 173 834 511 311 155 -1p1 -970 -.065 019
Dissolved Q -528 961" | .897 372 362 | .193 -.757 .055 .041
Free CQ 462 -918 | -.866 -.350 -484| -.038 722 118 181
pH .067 761 .806 921 -.296 -.438 -.801 .367 -.056




Table 39:

Correlation between the physicochemical grameters and Zinc concentrations of Fish tissuesnd different
parasites during spring season of River Jhelum

Water Adenoscolex| LAP MAP Bothriocephalus| LBP MBP | Pomphorhynchug LPP MPP
Temperature .306 .169 .302 -.654 .306-.967" .094 984" 536
Dissolved Q -.044 442 151 .805 221 .833 -.571 -.835 -.182

Free CQ 247 224 122 -.886 -.317 - 737 .079 776 791
pH .665 .828 .803 -.282 550 -.37% -.386 439 722
Table 40: Correlation between the physicochemical grameters and Zinc concentrations of Fish tissuesnd different
parasites during summer season of River Jhelum

Water Adenoscolex] LAP MAP Bothriocephalus | LBP MBP Pomphorhynchug LPP MPP
Temperature .740 -.039 72 .345 -510 435 -.187 10.§ -.827
Dissolved Q -.897 -418 | -.479 042 590  -.109 -.044 -.55p 968"

Free CQ -.066 -.858 .802 .822 .028 .808 -.437 742 .033
pH 415 .838 -.281 -.495 381 -.503 728 -407 5.00




Table 41: Correlation between the physicochemical gzrameters and Cadmium concentrations of Fish tissie and
different parasites during autumn season of Dal Lak
Water Adenoscolex] LAP MAP Bothriocephalus | LBP MBP Pomphorhynchus LPP MPP
Temperature 324 .626 .608 -.103 .308 -.817 -.510 572- 570
Dissolved Q .631 -.195 -.358 .002 500 482 -.530 .081 .226
Free CQ -.410 -944 | -184 190 -489| .918 .060 938 | -.142
pH .614 463 267 294 .580 -.59¢ -.690 -.358 492
Table 42: Correlation between the physicochemical gzameters and Cadmium concentrations of Fish tissise and
different parasites during winter season of Dal Lak
Water Adenoscolex| LAP MAP Bothriocephalus | LBP MBP Pomphorhynchus| LPP MPP
Temperature -.309 79 -.301 .853 -202 -.052 .086 .191- -.418
Dissolved Q -.247 543 -.480 595 -323 014 -.069 -.369 -.5[73
Free CQ -.069 -.670 170 -.930 439 -.122 -.480 -.133 .554
pH .013 .567 -.162 .657 -6338 -.113 140 .021 -.945




Table 43:

Correlation between the physicochemical gzrameters and Cadmium concentrations of Fish tissie and
different parasites during spring season of Dal Lak

Water Adenoscolex] LAP MAP | Bothriocephalus| LBP MBP Pomphorhynchus LPP MPP
Temperature -.486 -.175 -.603 .363 .782 .100 -.169 .768 -.094
Dissolved Q -.566 -.353 452 411 -.67¢ .832 -.876 270 571

Free CQ -.003 069 | -.893 -.152 973" | -.070 229 544 | -729
pH .249 .613 -.273 434 -.392 .534 -.372 .044 -.153
Table 44: Correlation between the physicochemical gzrameters and Cadmium concentrations of Fish tissise and
different parasites during summer season of Dal Lad

Water Adenoscolex] LAP MAP | Bothriocephalus LBP MBP | Pomphorhynchus LPP MPP
Temperature .306 -808  -.729 566 | -.900 | -.842 -.582 -544 |  -852
Dissolved Q -.760 .655 426 -.711 .559 561 -.021 152 397

Free CQ .802 -.722 -.345 .813 -.556 -.479 .020 -.700 -.367
pH -.881 .603 321 -.920 .400 377 -.130 776 344




Table 45: Correlation between the physicochemical gzrameters and Cadmium concentrations of Fish tissie and
different parasites during autumn season of River Belum
Water Adenoscolex LAP MAP Bothriocephalus| LBP MBP | Pomphorhynchusg LPP MPP
Temperature -.082 642 492 -.181 A77 779 -.879 952 -.748
Dissolved Q -177 440 .561 -421 -.012 .646 -.855 8872 - 751
Free CQ .308 .810 -.269 .525 .891 .696 -377 .536 -.583
pH -272 732 .395 607 437 941 -.729 .660 -.328
Table 46: Correlation between the physicochemical gsrameters and Cadmium concentrations of Fish tissie and
different parasites during winter season of River Bielum
Water Adenoscolex] LAP MAP Bothriocephalus| LBP MBP | Pomphorhynchus LPP MPP
Temperature -.373 -.261 -.368 .704 -.816 .540 .103 -.330 .293
Dissolved Q -.004 -472 -.336 145 -.928 245 -.461 -.793 311
Free CQ .156 .346 118 -.204 .895 -.364 387 .784 -.168
pH .093 -.738 -.131 .602 -.85( 125 313 -.024 5.3%




Table 47:

different parasites during spring season of River dhlum

Correlation between the physicochemical gzrameters and Cadmium concentrations of Fish tissie and

Water Adenoscolex| LAP MAP Bothriocephalus | LBP MBP | Pomphorhynchus LPP MPP
Temperature .609 -.694 -.811 .048 .345-.929 193 -401 475
Dissolved Q -.270 327 | .939 213 -025| .941 -.127 257 -.238
Free CQ .782 -.889 .007 .523 .690 -.264 237 -416 625
pH -.903 541 -.174 011 -866 -.113 .307 248 =177
Table 48: Correlation between the physicochemical gzameters and Cadmium concentrations of Fish tissise and
different parasites during summer season of Riverllelum
Water Adenoscolex| LAP MAP | Bothriocephalus| LBP MBP Pomphorhynchug LPP MPP
Temperature -.392 -919 | .055 681 -.991" .660 -.345 -592 | -.163
Dissolved Q .066 .806 | -.607 -.434 771 -.925 -.350 767 | -.210
Free CQ 224 -.786 .015 .302 -.825 .535 135 -.446 4385
pH -.395 -.331 -.569 199 -.554 -.218 - 776 -.116 .374




Table 49: Correlation between the physicochemical grameters and Aluminum concentrations of Fish tisses and
different parasites during autumn season of Dal Lak
Water Adenoscolex LAP MAP Bothriocephalus | LBP MBP | Pomphorhynchug LPP MPP
Temperature -.948 740 877 174 286 .943 421 681 -.191
Dissolved Q 445 -.255 -.325 347 .098 -.15( 425 -.861 -.003
Free CQ .831 =277 -.415 -.647 .389 -.705 -.557 - 737 -.355
pH -.759 .870 .641 .169 348 .923 .659 137 -.565
Table 50: Correlation between the physicochemical grameters and Aluminum concentrations of Fish tisses and
different parasites during winter season of Dal Lak
Water Adenoscolex LAP MAP Bothriocephalus| LBP MBP | Pomphorhynchus LPP MPP
Temperature 183 -.460 197 -.728 795 -.346 -.748 -.674 721
Dissolved Q .044 -.088 071 -.502 562 -.507 -523 -.807 .902
Free CQ -.553 .660 -.556 677 -.782 .300 .746 .664 -474
pH 381 -.203 419 -.615 672 -.250 -.668 -.671 4.81




Table 51:

Correlation between the physicochemical grameters and Aluminum concentrations of Fish tisses and
different parasites during spring season of Dal La&

Water Adenoscolex LAP MAP Bothriocephalus | LBP MBP | Pomphorhynchug LPP MPP
Temperature -.676 291 -.933 -.047 .826 159 -.186 -.542 797
Dissolved Q -.026 446 .506 Al17 183 -.907 -.444 -.225 - 127

Free CQ -.435 314 | -.936 -.533 531| .523 315 -.097 .881
pH .646 .730 261 446 166 -.639 .583 .697 -.604
Table 52: Correlation between the physicochemical grameters and Aluminum concentrations of Fish tisses and
different parasites during summer season of Dal Lad

Water Adenoscolex LAP MAP Bothriocephalus | LBP MBP | Pomphorhynchus LPP MPP
Temperature -.589 296 -.924 -.366 -.107| -.423 -.197 -.647 -.504
Dissolved Q D77 -.795 .665 531 -.221 -.021 -.254 .880 787

Free CQ - 712 167 -.621 -.400 .078 -.071 110 -.902 -.783
pH 791 -.811 577 .166 126 -.039 -.085 719 .612




Table 53: Correlation between the physicochemical grameters and Aluminum concentrations of Fish tisses and
different parasites during autumn season of River Belum
Water Adenoscolex LAP MAP Bothriocephalus | LBP MBP | Pomphorhynchug LPP MPP
Temperature -.298 .058 .399 -.883 -487| 528 -.586 .046 -.074
Dissolved Q -177 -.022 .350 971" -.450 .623 -.429 -.133 -.052
Free CQ -.813 .256 -.043 -.158 -.61p -.149 -.478 .385 -.156
pH -.118 673 450 -.246 102 -.224 -.891 .852 -514
Table 54: Correlation between the physicochemical grameters and Aluminum concentrations of Fish tisses and
different parasites during winter season of River Belum
Water Adenoscolex LAP MAP Bothriocephalus| LBP MBP | Pomphorhynchus LPP MPP
Temperature .532 .693 -.8072 391 .386 .386 -.768 39 .3 -.007
Dissolved Q -.076 .855 -.285 486 137 137 -.188 .583 -.107
Free CQ .140 -.841 .330 -.660 -.292 -.297 .068 -.534 .325
pH .568 213 -.219 .523 .602 .602 -.231 -.251 -.020




Table 55:

Correlation between the physicochemical grameters and Aluminum concentrations of Fish tisses and
different parasites during spring season of River Belum

Water Adenoscolex LAP MAP Bothriocephalus | LBP MBP | Pomphorhynchus LPP MPP
Temperature .634 .338 -.550 .621 -959  -412 743 632 . -.779
Dissolved Q -.859 -.073 .498 -.840 .361 .066 -.922 -.403 .634

Free CQ -.261 570 -.230 -.246 -.50b -. 733 -.103 697 -.462
pH .084 -.892 159 .238 421 .819 436 -.082 .628
Table 56: Correlation between the physicochemical grameters and Aluminum concentrations of Fish tisses and
different parasites during summer season of Riverllelum
Water Adenoscolex LAP MAP Bothriocephalus | LBP MBP | Pomphorhynchug LPP MPP
Temperature 951 -412 | -.767 526 -526  -.302 -.104 906 | -.566
Dissolved Q -576 177 | .864 -.923 754 | -.234 .698 -950 | .034
Free CQ .540 -.288 -.687 .780 -.732 -.437Y -.340 .766 -.507
pH .665 -.135 -.005 -.144 -.180 -771 .681 210 08.7




Table 57: Correlation between the physicochemical gzameters and Chromium concentrations of Fish tisses and
different parasites during autumn season of Dal Lak
Water Adenoscolex LAP MAP Bothriocephalus MBP | Pomphorhynchug LPP MPP
Temperature -.630 -.324 154 -.626 598919 .036 531 | -772
Dissolved Q 721 -.004 .017 .553 528 -.178 157 .039
Free CQ 475 485 .532 .505 .899 -.650 -.381 .802
pH -.092 .073 429 -.603 -.53( -.366 292 924
Table 58: Correlation between the physicochemical gzameters and Chromium concentrations of Fish tisses and
different parasites during winter season of Dal Lak
Water Adenoscolex LAP MAP Bothriocephalus MBP | Pomphorhynchus LPP MPP
Temperature -.454 -.424 .330 -.320 .6[15.938 495 .503 -.021
Dissolved Q -.333 -.635 125 -.288 .838 737 235 .003
Free CQ 118 .398 -.684 143 6 -.937 -.181 -.787 -.202
pH -.145 -.450 341 -.422 751 .610 .385 -.0Y8




Table 59: Correlation between the physicochemical gzameters and Chromium concentrations of Fish tisses and
different parasites during spring season of Dal Lak
Water Adenoscolex] LAP MAP Bothriocephalus| LBP MBP | Pomphorhynchus LPP MPP
Temperature -.547 728 -.76(Q -.736 .240 543 -.226 -.692 -.372
Dissolved Q -.211 -.872 717 -.044 -.536 .078 220 .58 -.587
Free CQ 131 816 | -.916 -.641 -.066 -.112 .005 -.410 .239
pH .156 -570 .084 -.387 -777  -551 970" 242 295
Table 60: Correlation between the physicochemical gzameters and Chromium concentrations of Fish tisses and
different parasites during summer season of Dal Lad
Water Adenoscolex LAP MAP | Bothriocephalus| LBP MBP | Pomphorhynchug LPP MPP
Temperature -.589 282 567 642 106-.977" -.675 -977" | -.632
Dissolved Q .072 -.524 .024 -.057 -560 .883 745 827 476
Free CQ -.130 .566 -.006 .057 .565 -.87( -.836 -.795 -.613
pH 234 -.761 125 .058 -.426 778 .781 .7Q7 712




Table 61:

Correlation between the physicochemical gzameters and Chromium concentrations of Fish tisses and
different parasites during autumn season of River Belum

Water Adenoscolex LAP MAP Bothriocephalus | LBP MBP | Pomphorhynchug LPP MPP
Temperature -.142 -.164 -.325 .853 545 .8718 -.312 111 -.482
Dissolved Q -.245 -.367 -.506 714 450 .894 -.158 .070 -.560

Free CQ 131 272 .265 .800 357 507 -.484 -.219 -.064
pH -.161 529 109 .880 281 | .412 -.243 259 -.368
Table 62: Correlation between the physicochemical gzameters and Chromium concentrations of Fish tisses and
different parasites during winter season of River Bielum

Water Adenoscolex LAP MAP Bothriocephalus | LBP MBP | Pomphorhynchug LPP MPP
Temperature -.898 -.802 218 -.457 -.134 672 731 166 .55p
Dissolved Q -.327 -.549 .612 162 454 .523 155 .048 3716

Free CQ .258 401 -.498 -.204 -.3683 -.644 -.156 -.093 -.917
pH -.409 -.682 .670 .309 408 728 .683 792 .687




Correlation between the physicochemical gzameters and Chromium concentrations of Fish tisses and

Table 63:
different parasites during spring season of River Belum
Water Adenoscolex LAP MAP Bothriocephalus | LBP MBP | Pomphorhynchus LPP MPP
Temperature .010 132 937 170 .840 -.383 .634 -.580 -.317
Dissolved Q -.052 -.502 -.688 -.165 -.840 577 -.905 .688 -.150
Free CQ -.038 -.686 124 115 275 .208 -.311 067 -.966"
pH .662 .288 -.484 370 245 -.75% .398 .328 735
Table 64: Correlation between the physicochemical gzameters and Chromium concentrations of Fish tisses and
different parasites during summer season of Riverllelum
Water Adenoscolex] LAP MAP Bothriocephalus| LBP MBP | Pomphorhynchug LPP MPP
Temperature -.367 -132 918 -.252 -.468 -.840 -.298 -.624 -.665
Dissolved Q -.236 -394 | -.880 161 199 .536 -.289 .259 .627
Free CQ 147 493 .855 .263 -544 -911 -.386 -.781 -.761
pH -.749 -.380 .306 -.147 -.330 -.690 -.866 -.661 .166




Table 65: Correlation between the physicochemicalgrameters and Cobalt concentrations of Fish tissueand different
parasites during autumn season of Dal Lake
Water Adenoscolex LAP MAP Bothriocephalus | LBP MBP | Pomphorhynchug LPP MPP
Temperature 373 .895 .890 -575 -324| 412 .603 -.451] .128
Dissolved Q 414 -.112 -.572 376 -.00pR -.139 -.275 591 .02
Free CQ -.375 -883 | -.805 672 618 .302 -.791 .893 374
pH 737 .738 446 -.052 .066 .524 133 .045 .0(
Table 66: Correlation between the physicochemicalgrameters and Cobalt concentrations of Fish tissueand different
parasites during winter season of Dal Lake
Water Adenoscolex LAP MAP | Bothriocephalus| LBP MBP | Pomphorhynchus LPP MPP
Temperature -.149 .586 -.828 -.891 207 -.151 .198 -.293 224
Dissolved Q -.426 .288 -.818 -.726 .145 -.432 113 -.539 -.15
Free CQ .013 -.753 526 767 -427 .076 -.519 418 -.44
pH -.149 .269 -.617 -.734 .53( -.205% 181 -578 99.0




Table 67: Correlation between the physicochemicalgrameters and Cobalt concentrations of Fish tissueand different
parasites during spring season of Dal Lake
Water Adenoscolex LAP MAP Bothriocephalus | LBP MBP | Pomphorhynchus LPP MPP
Temperature S77 -.586 .028 417 -.140 ST7 -.580 .705- 784
Dissolved Q -.317 -136 | -.946 449 .099 325 .206 243 -.569
Free CQ .803 -.625 417 410 134 -.061 -.481 -.674 431
pH 420 182 -.466 527 928 | .049 .802 .650 -571
Table 68: Correlation between the physicochemicalgrameters and Cobalt concentrations of Fish tissueand different
parasites during summer season of Dal Lake
Water Adenoscolex LAP MAP Bothriocephalus| LBP MBP | Pomphorhynchus LPP MPP
Temperature .040 .382 213 .283 -.489 -.309 .368 20 .4 .81
Dissolved Q .020 -.560 -.077 .063 .735 .504 115 153 282
Free CQ -.179 .635 .208 -.116 -.807 -.371 -.031 -.209 -.186
pH .392 -.823 -.440 .357 .698 138 141 .262 021




Table 69:

Correlation between the physicochemicalgrameters and Cobalt concentrations of Fish tissueand different
parasites during autumn season of River Jhelum

Water Adenoscolex LAP MAP Bothriocephalus| LBP MBP | Pomphorhynchug LPP MPP
Temperature -.939 554 212 420 197 530 -.926 418 -.076
Dissolved Q -.850 476 163 .186 -.013 528 -.862 .348 -.140

Free CQ -.783 .288 451 .876 .617 551 -473 .148 .076
pH -.667 .265 -.289 .649 919 | .275 -.636 .828 -.281
Table 70: Correlation between the physicochemicalgrameters and Cobalt concentrations of Fish tissueand different
parasites during winter season of River Jhelum
Water Adenoscolex LAP MAP Bothriocephalus | LBP MBP | Pomphorhynchus LPP MPP
Temperature -.655 - 712 -.215 -.148 -.134 468 .563 .399 -.430
Dissolved Q -.572 -.836 -.288 -.006 454 469 -.193 -.228 =207
Free CQ .584 911 469 .025 -363  -.545 235 .206 106
pH -.991" -.432 .069 777 408 924 254 502 .200




Table 71:

Correlation between the physicochemicalgrameters and Cobalt concentrations of Fish tissueand different
parasites during spring season of River Jhelum

Water Adenoscolex] LAP MAP Bothriocephalus | LBP MBP | Pomphorhynchug LPP MPP
Temperature .674 779 -.024 .789 -.332 -.514 .831 741 . -.039
Dissolved Q -.321 -.468 131 -.484 178 .288 -.732 -.916 -.418

Free CQ .883 .835 223 .7196 -.34% -.535 415 -.116 -.858
pH -.462 -.372 -.174 -.750 .605 .656 -.188 273 8.83
Table 72: Correlation between the physicochemicalgrameters and Cobalt concentrations of Fish tissueand different
parasites during summer season of River Jhelum

Water Adenoscolex] LAP MAP Bothriocephalus | LBP MBP Pomphorhynchus LPP MPP
Temperature 243 -290 .968" 222 -244| 208 -.337 127 -.639
Dissolved Q -.322 -038 | -.602 -.499 -271 249 123 -.480 .966

Free CQ 430 -.335 .583 -.016 319 -.020 -.437 -.215 -.637
pH -.168 -.303 .659 -.176 -.334 313 -.199 -625 21.2




Table 73: Correlation between the physicochemicalgrameters and Copper concentrations of Fish tissueand different
parasites during autumn season of Dal Lake
Water Adenoscolex LAP MAP Bothriocephalus | LBP MBP | Pomphorhynchug LPP MPP
Temperature 701 167 .995 -.253 -792| 591 -521 -.050 .000
Dissolved Q -.038 812 -.257 .552 .062 -.15% 387 27 -.662
Free CQ -.033 154 - 711 .697 .868 .07¢ 529 71 -.295
pH 167 -.016 .844 -.046 - 147 534 .004 .23 -.596
Table 74: Correlation between the physicochemicalgrameters and Copper concentrations of Fish tissuesnd different
parasites during winter season of Dal Lake
Water AdenoscoleX LAP MAP Bothriocephalus| LBP MBP | Pomphorhynchusg LPP MPP
Temperature -.815 -.635 -.253 174 282 .016 374 285 . -.540
Dissolved Q -.657 -.301 -.383 434 .633 -.101 267 .088 -.516
Free CQ .589 .693 518 -127 -199 301 -.638 -.490 .260
pH -.561 -421 -.608 .625 .626 -.265% 275 .000 0.50




Table 75:

Correlation between the physicochemicalgrameters and Copper concentrations of Fish tissueand different
parasites during spring season of Dal Lake

Water Adenoscolex LAP MAP Bothriocephalus| LBP MBP | Pomphorhynchus LPP MPP
Temperature 612 916 | -.712 -.536 741 581 -.543 -.403 470
Dissolved Q .009 -.444 .819 .258 -.432 317 .240 .539 .283

Free CQ 464 .7180 -.814 -.715 .288 374 -.391 -.500 16p
pH 522 -.048 184 524 -6190 543 883 -.362 592
Table 76: Correlation between the physicochemicalgrameters and Copper concentrations of Fish tissuesnd different

parasites during summer season of Dal Lake

Water Adenoscolex LAP MAP Bothriocephalus | LBP MBP | Pomphorhynchus LPP MPP
Temperature -.122 713 -.516 .188 283 -.466 .949 342 -.045
Dissolved Q -.162 -.490 430 440 -096 .559 -.675 .01 -.384

Free CQ 270 D77 -.372 -.425 270 -.420 .633 -.08 406
pH -.500 -.464 107 375 -.378 204 -.558 .01 8.59




Table 77:

Correlation between the physicochemicalgrameters and Copper concentrations of Fish tissueand different
parasites during autumn season of River Jhelum

Water

Adenoscolex

LAP MAP Bothriocephalus| LBP MBP | Pomphorhynchusg LPP MPP
Temperature .330 .615 -.074 -.143 .38[7 .627 437 07 .1 .343
Dissolved Q 215 432 -.052 -.228 218 A2/ .505 212 294
Free CQ 401 .852 -.156 -.207 486 .788 -.332 -.267 675
pH .098 929 | -514 .358 969" | .706 214 223 -.010
Table 78: Correlation between the physicochemicalgrameters and Copper concentrations of Fish tissuesnd different
parasites during winter season of River Jhelum
Water Adenoscolex LAP MAP Bothriocephalus| LBP MBP | Pomphorhynchus LPP MPP
Temperature -.956 .245 -.869 -.368 674 .091 .286 496 -.466
Dissolved Q -571 -433 | -.876 393 982" | .308 366 423 158
Free CQ 490 469 793 -.358 -999" | -.475 -.370 -512| -.290
pH -.692 284 | -.798 -.034 605  -.196 919 894 | .120




Correlation between the physicochemicalgrameters and Copper concentrations of Fish tissueand different

Table 79:
parasites during spring season of River Jhelum
Water Adenoscolex LAP MAP Bothriocephalus | LBP MBP | Pomphorhynchusg LPP MPP
Temperature -.504 -.042 -.873 -.093 -.752 .054 333 121 497
Dissolved Q .108 242 .639 485 740 -.276 -.652 -.082 -.255
Free CQ -.865 .362 -.705 734 -.234 -.444 -.468 .080 .631
pH .948 -.624 473 -421 370 .093 .745 -.627 -.337
Table 80: Correlation between the physicochemicalgrameters and Copper concentrations of Fish tissuesnd different
parasites during summer season of River Jhelum
Water Adenoscolex| LAP MAP Bothriocephalus| LBP MBP Pomphorhynchus| LPP MPP
Temperature -.621 119| -.920 -.499 184 .638 499 .000 .013
Dissolved Q 970" -.570 650 564 -640  -.765 -.908 329 510
Free CQ -.708 .682 -578 .044 109 .853 .608 -.516 -.362
pH .095 -.200 -424 146 -.670 .057 -.352 .328 .630




Correlation between the physicochemical grameters and Manganese concentrations of Fish tisss and

Table 81:
different parasites during autumn season of Dal Lak

Water Adenoscolex] LAP MAP Bothriocephalus | LBP MBP | Pomphorhynchus LPP MPP

Temperature 872 -.596 -.431 -.548 .168 401 -.588 Al17 .644
Dissolved Q -.565 -.194 .881 -.193 -.621 137 175 -.493 -.713

Free CQ -.544 459 491 738 247 -.821 .938 -.298 -.372
pH 494 -.881 -.155 -.650 142 315 -.422 -.107 165
Table 82: Correlation between the physicochemical gzameters and Manganese concentrations of Fish tisss and

different parasites during winter season of Dal Lak

Water Adenoscolex] LAP MAP Bothriocephalus| LBP MBP | Pomphorhynchug LPP MPP

Temperature -.238 222 598 641 844 207 -.008 | 968" | -.917

Dissolved Q 151 207 459 367 883 | .386 -.156 924 | -910
Free CQ 250 -.300 -.800 -.866 -.843 021 -.265 -.802 .83

pH 118 543 747 537 997" | -.001 245 858 | -.964"




Table 83: Correlation between the physicochemical grameters and Manganese concentrations of Fish tisss and
different parasites during spring season of Dal Lak
Water Adenoscolex] LAP MAP | Bothriocephalus| LBP MBP | Pomphorhynchus LPP MPP
Temperature .088 -.674 -.113 -.043 -475 479 147 -.039 -.192
Dissolved Q 736 539 | -.883 -.891 -322 | -.367 -.042 -800|  -.012
Free CQ -.557 -.587 .180 .256 -.111 -.013 72 .02)7 -.642
pH 113 .885 -.347 -.585 571 -.505 -.207 555  -.408
Table 84: Correlation between the physicochemical gzameters and Manganese concentrations of Fish tisss and
different parasites during summer season of Dal Lad
Water Adenoscolex| LAP MAP Bothriocephalus | LBP MBP | Pomphorhynchug LPP MPP
Temperature -.920 .356 .006 -.308 -.901 .268 .018 .861 .006
Dissolved Q 529 -.666 -.435 .568 .588 -.446 -.248 -.718 134
Free CQ -.521 573 .364 -.518 -.528 338 276 .63[7 -.313
pH 496 -.357 -.163 .285 431 -.409 -.511 -.563 3.48




Table 85: Correlation between the physicochemical grameters and Manganese concentrations of Fish tisss and
different parasites during autumn season of River Belum
Water Adenoscolex LAP MAP Bothriocephalus | LBP MBP | Pomphorhynchus LPP MPP
Temperature -.380 678 -.028 749 .643-.944 229 771 -.633
Dissolved Q -.242 .802 -.252 782 606 -.954 .047 -.856 -.691
Free CQ -.558 144 .618 .016 450 -.301 547 -.201 -.287
pH -.158 -.047 .328 324 124 -.53% 923 -.208 223
Table 86: Correlation between the physicochemical gsameters and Manganese concentrations of Fish tisss and
different parasites during winter season of River Belum
Water Adenoscolex] LAP MAP Bothriocephalus | LBP MBP Pomphorhynchug LPP MPP
Temperature .088 207 778 196 791 .892 -.021 -.264 | 960
Dissolved Q 253 .782 .206 -.141 410 .899 -.435 -.501 731
Free CQ -.400 -.687 -.109 335 -.25p -.897 .358 503 -.706
pH .665 271 .580 211 .549 .803 397 .34 .824




Table 87: Correlation between the physicochemical grameters and Manganese concentrations of Fish tisss and
different parasites during spring season of River Belum
Water Adenoscolex] LAP MAP Bothriocephalus | LBP MBP Pomphorhynchus LPP MPP
Temperature -.349 -.041 .758 216 -.542 371 .287 140 . .034
Dissolved Q .091 -.067 -417 -.168 758 -.22( -.666 .038 -.051
Free CQ -.579 -.215 .873 .209 211 378 -.633 354 .036
pH A74 -.155 -.576 322 -.518 -.677 .398 -.195 4.42
Table 88: Correlation between the physicochemical gzameters and Manganese concentrations of Fish tisss and
different parasites during summer season of Riverllelum
Water Adenoscolex| LAP MAP Bothriocephalus | LBP MBP | Pomphorhynchus, LPP MPP
Temperature 630 -317  -.024 -.483 -902 | -.617 -.244 907 | -.450
Dissolved Q -.708 -.213 -.274 .030 424 .51( .109 -.943 .548
Free CQ 241 -477 .639 -.649 -.947 -.516 -.402 .801 -.814
pH .085 -.818 -.074 -.735 -.697 -.099 -.580 211 074,




Table 89: Correlation between the physicochemical grameters and Nickel concentrations of Fish tissueand different
parasites during autumn season of Dal Lake
Water Adenoscolex] LAP MAP Bothriocephalus | LBP MBP Pomphorhynchus| LPP MPP
Temperature 301 -.726 677 .562 -.376 .365 -.076 099 . .233
Dissolved Q .060 445 .359 -.129 -.09) -.433 .587 .67p6 331
Free CQ -.040 446 -.566 .108 498 -.584 -.297 .08b -.677
pH .693 -.759 .870 .739 -.624 .356 -.092 .18|5 A7
Table 90: Correlation between the physicochemicalgrameters and Nickel concentrations of Fish tissueand different
parasites during winter season of Dal Lake
Water Adenoscolex| LAP MAP Bothriocephalus| LBP MBP Pomphorhynchus| LPP MPP
Temperature 213 -.127 778 .068 -.420 -.223 -.807 .843 143
Dissolved Q .082 -.083 .868 -.251 -.342 -.259 -.573 .87R -.100
Free CQ -.313 -.170 -.608 -.091 .666 531 .889 -.650 .013
pH -.129 312 .616 -.430 -.683 -.581 - 721 .617 60.0




Table 91: Correlation between the physicochemical grameters and Nickel concentrations of Fish tissueand different
parasites during spring season of Dal Lake
Water Adenoscolex| LAP MAP | Bothriocephalug LBP MBP Pomphorhynchus LPP MPP
Temperature 113 .186 .804 -.750 -.817 -.038 -.372 .768 -.286
Dissolved Q .343 .385 .188 -.186 .250 .030 -.350 - 719 399
Free CQ -.545 -.227 228 -.191 -.894 .070 311 .630 -.155
pH -.047 596 -.288 -.031 .003 .860 .015 -.630 0.31
Table 92: Correlation between the physicochemicalgrameters and Nickel concentrations of Fish tissueand different
parasites during summer season of Dal Lake
Water Adenoscolex] LAP MAP Bothriocephalus LBP MBP | Pomphorhynchus LPP MPP
Temperature -.469 237 213 .638 282 .010 -.355 13 .§ -.604
Dissolved Q 272 .366 -.438 -.275 .031 -.364 -.221 -.407 281
Free CQ -.318 -.408 .309 294 132 .288 179 .390 -.222
pH 513 487 -.341 -.097 -171 -.418 -.072 -412 77.2




Table 93:

Correlation between the physicochemical grameters and Nickel

parasites during autumn season of River Jhelum

concentrations of Fish tissueand different

Water Adenoscolex| LAP MAP Bothriocephalus| LBP MBP Pomphorhynchus| LPP MPP
Temperature 231 323 -.048 726 -914 | -.149 -.366 237 -.161
Dissolved Q 167 .081 -.043 591 -.896 -.203 -.261 185 -.279

Free CQ .164 .878 -.425 757 -.324 118 -.225 .06b .04
pH -.079 .606 .356 414 -.645 -.407 -.876 -.034 2.67
Table 94: Correlation between the physicochemicalgrameters and Nickel concentrations of Fish tissueand different
parasites during winter season of River Jhelum

Water Adenoscolex| LAP MAP Bothriocephalus| LBP MBP Pomphorhynchus| LPP MPP
Temperature 79 313  .902 .080 -.641 -.164 512 -.007 - 127
Dissolved Q 639 -.524 814 510 -.651 .091 -.047 -.267 -.989"

Free CQ -.553 426 -.842 -.678 629  -.137 186 423 978"
pH 917 -.826 797 .345 .038 .655 427 302 -.550




Table 95: Correlation between the physicochemical grameters and Nickel concentrations of Fish tissueand different
parasites during spring season of River Jhelum
Water Adenoscolex| LAP MAP Bothriocephalus| LBP MBP Pomphorhynchus| LPP MPP
Temperature .166 -.716 416 -.484 .078 48 .489 518-. -.603
Dissolved Q -377 405 -.703 .676 -.0771 -.144 -.327 .396 .538
Free CQ -.394 -.765 -.444 .236 .081]] .802 494 -.374 -.292
pH -.211 .840 077 -.311 .396 -.242 -.015 .028 8.08
Table 96: Correlation between the physicochemical grameters and Nickel concentrations of Fish tissueand different
parasites during summer season of River Jhelum
Water Adenoscolex] LAP MAP Bothriocephalus| LBP MBP Pomphorhynchus| LPP MPP
Temperature .046 -.323 -.296 -.936 -510 -.798 .082 -.357 419
Dissolved Q 116 .084 -.233 716 228 490 A77 .6211 -.388
Free CQ 144 -.667 -.210 -.708 -.416 -.397 .238 -.814 -.057
pH -.003 -.705 -.897 -.420 -.264 -.349 187 .078 -.196

LAP=liver of fishes infected witlhdenoscolexMAP= muscle of fishes infected withdenoscolexL BP= liver of fishes infected witothriocephalus
MBP= muscle of fishes infected wBlothriocephalus Lpp= liver of fishes infected withomphorhynchus Mpp= muscle of fishes infected with
Pomphorhynchuyg. Correlation is significant at the 0.05 lev@kgailed); **. Correlation is significant at theQl level (2-tailed).
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