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Forty nine Catla catla samples of variable sizes caught from the River Chenab, Pakistan were studied for inorganic
elemental concentrations in relation to body size. It was observed that the total quantity of elements i.e. sodium, potas-
sium, calcium, magnesium, manganese, iron, nickel, copper, zinc and lead was found to increase isometrically with body
weight. Whereas only sodium, potassium, magnesium, zinc and lead showed positive allometry and the remaining ele-
ments showed isometry with increasing length. Cobalt, chromium and cadmium were not quantifiable.

Introduction

Metals enter the aquatic ecosystem as a result of the weather-
ing of soils and rocks and from a variety of human activities
like mining, processing or use of metals or substances that
contain metal contaminants. Although some metals such as
manganese, iron, copper and zinc are essential micronutri-
ents, others such as mercury, cadmium and lead are not re-
quired even in small amounts by any organism. All metals
including the essential metal micronutrients are toxic to
aquatic organisms as well as humans if exposure levels are
sufficiently high (Laws 1981).

Many studies on body composition of fish have been reported
in the literature (Elliot 1976; Caulton and Bursell 1977; Jobling
1980; Weatherley and Gill 1987; Salam and Davies 1994)
but little attention has been focussed on the inorganic elemen-
tal concentrations of wild and cultured food fishes (Rottiers
1983; Shearer 1984; Salam et al 1993; Shackley et al 1994).
Catla catla is the fastest growing carp and is very popular
for fish culture in ponds and rivers in Pakistan (Talwar and
Jhingram 1991). The purpose of the present study is to
examine changes in the proportion of inorganic elements in
relation to body size of a riverine Catla catla and to compare
the accumulation of various inorganic elements with other
fish species found in Pakistan.

Experimental

Forty nine samples of wild Catla catla ranging from 11.6 to
37.7cmand 10.29 to 696.7 gm in length and weight respec-
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tively were collected from River Chenab of the Punjab prov-
ince, Pakistan. They were transported live to the laboratory
for analysis of body composition parameters in relation to
body size. They were killed, blotted dry, weighed to nearest
0.01 gm on an electronic digital balance and their length was
measured to nearest 0.1 cm on a fish measuring tray. Each
fish was dried whole to a constant weight in a drying oven at
50-60°C. The dry carcasses were crushed in a pestle and
mortar and powdered in an electric blender.

A R Grade chemicals supplied by Merck were used without
further purification for the purpose of elemental analysis.
Deionised water was used to prepare standard and sample
solutions. Stock standard solutions 1 mg 1" of each element
were prepared by dissolving required amounts of the
respei:tive salts in water, Dilutions of the stock solutions were
made to prepare working acidic standards (0.1M HNO, final
molar concentration) in the measuring ranges. ;

Officially calibrated pyrex glassware and instruments i.e. Elec-
trical Balance H-80 (Mettler, Switzerland), Muffle Furance
RIM 1.8-10 (China), Atomic Absorption Spectrophotometer
A-1800 (Hitachi, Japan) and Heating Oven (Memmert, West
Germany) were used throughout this work.

Sample solutions were prepared through ashing one gram of
dried fish powder sample in a muffle furnace at 500°C for 5
h. The ash contents were digested in aqua regia (3 ml) and
solution was heated to dryness. Then 5 ml of 1M HNO,,
was added; the solution was filtered when necessary, and
diluted to 50 ml with water (Further dilutions were made
in some cases). These solutions were aspiratd into Atomic
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Absorption Spectrophotometer and absorbance measurements
were made for each element using specific instrumental con-
ditions for flame atomisation mode. Analysis of each sample
was made in duplicate.

Elemental concentrations were computed by a computer pro-
gram CPFAAS (Ansari and Igbal 1993). Regression analysis
and calculation coefficients were carried out with the help of
a computer package (Louts 1-2-3).

Results and Discussion

The mean and standard deviation values of various inorganic
clements i.e. sodium, potassium, calcium, manganese, iron,
nickel, copper, zinc and lead found in the carcasses of wild
Catla catla (whole fish) on dry and wet weight basis are
presented in Table 1. Cobalt, chromium and cadmium were
not quantifiable. Since elemental concentrations change with
the change in body weight or length, regression analysis in-
volving log body burden element (g) and log body weight
(g) or log total length (cm) was also performed. Parameters
of these relationships are given in Table 2 & 3. It was ob-
served that all ten elements showed significant positive cor-
relations (p<0.001) with body weight or total length (Table 2
& 3). All elements except cobalt, chromium and cadmium
which were not quantifiable were found to increase linearly
in direct proportion to increase in body weight showing isom-
etry (where the value of slope b is either equal to 1.0 or not
significantly different from 1.0) (Table 2). The regression
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analysis showed that each element if expressed in pgg' dry
weight or wet weight remained fairly constant indicating in-
dependence to increasing body weight.

Sodium, potassium, magnesium, zinc and lead significantly
increased (positive allometry) (b>3.0) while calcium, man-
ganese, iron, nickel and copper showed isometry (i.e. remained
fairly constant, b=3.0) with increasing total length (Table 3).
The regression analysis also showed that sodium, potassium,
magnesium, zinc and lead were accumulating at a faster rate
than other elements where the rate of their accumulation re-
mained fairly constant with increasing total length (Table 3).

The values of inorganic elemental concentrations, obtained
with Catla catla were compared with the values already re-
ported in the literature for various freshwater fishes whether
cultured or wild (Table 4). It was observed that interspecific
variations in elemental concentrations exist which could pos-
sibly be due to the nature of their habitat, meat quality or
gradual accumulation of pollutants entering the aquatic eco-
system. Catla catla had the lowest sodium content as com-
pared to Labeo rohita which had the highest. This observa-
tion is further supported by the general preference for Labeo
rohita over Catla catla in Pakistan duc to saltish taste of its
meat. Catla catla and Tor putitora generally possess more
skeleton than rainbow trout and Labeo rohita which is clearly
indicated by the presence of high calcium, magnesium and
postassium contents. Nickel, copper, zinc and lead appear to
get accumulated at a greater rate in Catla catla than in other

Table 1
Grand mean and standard deviation values of inorganic elemental concentration in carcasses of Catla catla
(whole fish)

Elemental concentration®

Element (1g g Dry weight )

— O s ottt o S Mean SIS Y S'D s
Na 2530.0 * 420.9
K 9636.0 L 1913.5
Ca 45885.0 + 8116.5
Mg 2236.0 + 237.0
Mn 40.3 + 12.2
Fe 669.4 + 196.1
Ni 7.3 * 3.3

Cu 45.6 + 46.9
Zn 106.5 + 9.2

Pb 14.9 + 2.5
CoNQ

Cr NQ

Cd NQ

(ug &' Wet weight)

e e o B
537.0 + 107.0
2046.0 - 470.0
9736.0 - 2019.0
475.0 + 70.0
8.5 + 2.5
145.0 . 44.0
1.5 L 0.6
9.5 + 9.6
23.0 + 3.2
3.2 + 0.6

*n= 49, NQ=Not Quantifiable; S.D= Standard deviation.
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fish species which may be due to species specific of river
water pollution. Accumulation of Na, K, Ca, Mg, Mn, Fe, Ni,
Cu, Zn, and Pb remained fairly constant with increasing body
weight in Catla catla. However, in Tor putitora and Labeo
rohita, some clements increased or decreased while others

Table 2
Regression parameters for determining the burden of
an element in Catla catla

5 .

Wet body Element a S.E(b) r
weight (g)
Na -3.33 1.03 0.03  0.970..
K -2.83 1.07 0.07 0.893...
10.29 Ca -3.41 1.04 0.02 - 0981,
Mg -3.41 1.04 0.06 0.910...
Mn -5.02 0.96 0.06 0.818...
Fe -4.07 0.98 0.41 0.710..
to Nii=— =51/9 0.97 0.06 0.896...
Cu -4.99 0.92 012 0745,
696.74 Zn -4.73 1.05 0.02.. * 0.983...
Pb -5.59 1505 0.03 0.971...

Log body burden element (g)=a+b (Log wet body weight (g) for Catla
catla. Underlined values are not significantly different from b=1.0 (P<0.05)
and n = 49
...P < 0.001; a = Intercept; b = Slope; S.E = Standard; r=Correlation
coefficient,
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remained fairly constant with increasing body weight (Salam
etal 1993). Similarly decreases in Na or Ca in growing fish
were also observed in the bones or muscles of various fresh-
water fishes (Khwaja and Jafri 1967a, 1967b, 1968; Shearer
1984; Weatherley and Gill 1987; Rottiers 1993; Shackley

Table 3
Regression parameters for determining the burden of
an element in Catla catla

Total Elcmcnt ] a” br S.E(b) r

length

(cm)
Na -5.72 3.41 0.13 0.964...
K -5.28 3.51 0.27 0.880...

11.6 Ca -4.43 337 0.23 0.904...
Mg -5.80 3.44 0:13 0.967...
Mn -7.21 3.15 0.21 0.905...
Ee -6.23 314 0.48 0.684...

to Ni -7.98 3.16 (.25 0.897...
Cu -7.02 2.95 0.41 0.719...
Zn -7.14 344 0.12 0.969...

3959 Pb -8.01 3 0.14 0.962...

Log body burden element (g)=a+b (log total length (cm) for Catla catla.
Underlined values are not significantly different from b=3.0(P< 0.05) and
n=49

..P<0.001; a = Intercept; b = Standard error; r = Correlation coefficient.

Table 4
Comparative data of elemental concentration of various freshwater fish species (whole fish)

Elemental concentration®

(ug g R
Element a b c
Catla catla Tor putitora Labeo rohita Rainbow trout
‘ Dry wt.  Wetwt Drywt  Wetwt, Dry wt. Wet wt. Wet wt.
Na 2530.0 £420.9 537.0 £ 107.0 3996.0 £ 546.5 1149.0 £ 320.1 5352.98 +1299.75 1557.62'+409.08 1326 + 300
K 9636.0+1913.5 2046.0+470.0 8966.2+973.9 2587.6 +684.9 494134 +213.84 142590 +615.87 3154 + 469
Ca 39885.0+8116.5 9736.0 £2019.0 25652.2 +2177.0 7338.4 + 1647.1 600279 +119.55 1744.67 +369.68 5164 + 1160
Mg 2236.0 +237.0 475.0 £70.7 1786.5 £ 192.8 912,9%127.9 1535.61 +282.74 446.30 £ 93.44 333 £ 163
Mn 403 +12.2 85208 917077 30526 18.19 +5.01 SPA 1.81 +0.88
Fe 669.4 + 196.1 145.0 +44.0 187 Feek] 232 55.0:& 38.7 228.64 +161.68 66.38 +47.39 120258
Ni 7333, 1.5+ 0.6 6.0%2.0 1707 NQ NQ
Cu 45.6 +£46.9 9.5+9.6 9.0+34 P 151 & 441 +1.88 1.2 £ 0.46
Zn 106.5 £ 9.2 23.0£32 74.0 £9.6 1.4 £ 6.0 68.19 19.75 + 3.817 25:0 % 1060
Co NQ NQ NQ NQ NQ NQ NQ
Er NQ NQ NQ NQ --- --= 0.20 £ 0.20
Cd NQ NQ NQ NQ 0.95+-6,12 0.27 = 0.04
Pb 149 +2.5 3240.6 56+4.1 14 1.1 2.02£042 0.58 + 0.01

*Mean =+ Standard deviation;

NQ = Not Quantifiable; a Salam et al 1994); b (Salam etal 1993); ¢ (Shearer 1984).
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et al 1994). Inter specific comparison showed that concen-
tration of some elements remained constant while others in-
creased or decreased linearly with increase in fish size. How-
ever, it is concluded that the equations derived in this study
can provide reliable estimates of the whole body inorganic
elemental concentrations at various body sizes of Catla catla
within the range used.

Acknowledgment

Authors are grateful to Dr. Muhammad Sharif Bhutta,
Director General Fisheries, Punjab, Pakistan and Professor
Dr. Abdul Rauf, Chairman Department of Chemistry,
Bahauddin Zakariya University Multan, Pakistan for provid-
ing laboratory facilities to carry out this work.

References

Ansari T M, Igbal M 1993 CPFAAS: A computer program
for comprehensive treatment of Data in Flame Atomic
Absorption Spectrometry. J Analyt & Environ Chem 2(1)
84-89.

Caulton M S, Bursell E 1977 The relationship between
changes in condition and body composition in young
Tilapia rendalli (Boul.). J Fish Biol 11 143-150.

Elliott J M 1976 Body composition of brown trout, Salmo
trutta L. inrelation to temperature and ration size. J Anim
Ecol 45 273-289.

Jobling M 1980 Effects of starvation on'proximate chemical
composition and energy utilization in plaice, Pleuronectes
platessa L. J Fish Biol 17 325-334. \

Khawaja D K, Jafri A K 1967a Biochemical changes in the
muscle of the freshwater, murrel Ophiocephalus punctatus
(Bloch) during growth. Broteria 36 85.

Khawaja D K, Jafri A K 1967b Changes in the biochemical
composition of the muscle of common carp Cirrhinus

A Salam et al

mrigala (Ham.) in relation to length. Broteria 36 85.

Khawaja D K, Jafri A K 1968 Changes in the biochemical
composition of two common catfishes (Wallagonia attu
Bloch and Mystus seenghala Sykes) in relation to length.
Hydrobiologia 32 245.

Laws E A 1981 Aquatic Pollution. John Wiley & Sons
London, pp 301-369.

Rottiers D V 1993 Relationship between the amount of bone,
major cations and body size in Atlantic Salmon, Salmo
salar. Copiea 2 440-446.

Salam A, Ansari T M, Akhtar Q A 1993 Studies on
the effect of body size on whole body elemental
concentration of farmed Rohu, Labeo rohita
(Ham.) from Multan, Pakistan. Proc Congr Zool 13
467-472.

Salam A, Ansari T M, Akhtar Q A, Nacem M 1994 Changes
in the elemental composition of river Mahseer, Tor
putitora in relation to body size. Acta Sci 4 (1&2) 85-94,

Salam A, Davies P M C 1994 Body composition of northern
pike (Esox lucius L) in relation to body size and condi-
tion factor. Fish Res 19 193-204.

Shackley P E, Talbot G, Gowan A, Watt A 1994. The use of
body water, sodium, potassium and calcium content to
investigate the nutritional status of first year Altantic
Salmon parr in two Scottish highland streams. J Fish Biol
44 693-706.

Shearer K D 1984 Changes in the elemental composition of
hatchery reared rainbow trout, Salmo gairdneri, associ-
ated with growth and reproduction. Can J Fish & Aq Sci
41 1592-1600.

Talwar P K, Jhingran A G 1991 Inland Fishes. Oxford &
IBH Pub Co, New Delhi India, pp 163-165.

Weatherley A H, Gill HS 1987 The Biology of Fish Growth.
Academic Press, London, pp 1-443.





