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Figure 1. a, Zygotic twin seedlings devel-
oping from a seed, Zygotic triplets, division
and sharing of two original cotyledonsf o
seeds by the tripletsc, Siamese twin seed-

lings having common radicle or primary root.

d, Coiling and fusion of two primary rootd o
closely developed twinse, RAPD profile d

three zygotic triplet seedling and one nucella

the original two cotyledons of a zygotic netic variation existing within this natu-
embryo of the seed were also divided andal populatiofi.

shared among the twins or triplets during
germinatiori (Figure 1a andb). During
the development of the twin embryos
into seedlings, some extraordinary mor-"
phological features were observed. Somg
identical twin seedlings showed a com-
mon primary root (Figure &). The twin
embryos in this case germinated with
common hypocotyls and primary root,
but the two epicotyls were distinctly 4.
separated from the cotyledonary node.
This type of development of embryos5-
into plants was comparable with the de-
velopment of Siamese twins. In other
cases, during germination the two hypo
cotyls and sometimes also the epicotyls
of the identical twins were fused. Some-
times the radicles of the twins rolled over7.
each other from the point of transition
node toultimately fuse as the primary root
rcommon for both twin seedlings. This 8

seedling obtained from a single seed of awas interpreted as anastomosis-like deve-

mandarin orange plant collected from Mirik,

Darjeeling District, using the primer OPAL4

(ACAACGGTCC).N and Z represent nucellar

and zygotic seedlings») Position of extra
amplified fragments found in zygotic triplet
seedlings.

lopment of the identical twins (Figured).
RAPD amplifications of genomic DNA

from zygotic seedlings (twins or triplets)

usually had one or more extra bands tha
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those of the nucellar seedlings. As shown
in Figure 1e, all the triplet zygotic seed-
lings developed from a seed of a plant

In addition to the presence of normal zygoticcollected from Mirik, Darjeeling District
and nucellar embryos, in 24 plants twinhad three extra DNA amplified fragments
and triplet zygotic embryos were also(above 1000 bp). This was absent in théDepartment of Plant Physiology,
observed in the seeds. In these plants upingle nucellar seedling developed fromFaculty of Agriculture,

to 30% of the seedlings were recordedhe same seed. The nature of producing Bidhan Chandra Krishi Viswavidyalaya,
either as zygotic twins or triplets embryos.large number of zygotic twins of manda- Nadia 741 252, India

These embryos were developed by fis+in orange plants in this region might be*For correspondence.

sion of the original zygotic embryo as one of the major causes of the wide gee-mail: anianiruddha@vsnl.net

A. Das*
BIDISHA MANDAL
J. SARKAR

S. (HAUDHURI

Bioaccumulation of heavy metals in some commercial fishes and crabs

of the Gulf of Cambay,

India

Accumulation of heavy metals in marine in various organs of marine creatures ulti-of dissolved metals on tissue and mem-
ecosystems is of global importance. Metalsnately leads to metal-related diseases ibbrane surfaces.
generally enter the aquatic environmentthe long run because of their toxicity,

The Gulf of Cambay, India also known

through atmospheric deposition, erosionthereby endangering the aquatic biotaas the Estuarine Delta due to the conver-
of geological matrix or due to anthropo- and other organismi&. Fishes being one gence of many popular rivers of diverse
genic activities caused bydustrial ef- of the main aquatic organisms in the foodnature like Sabarmati, Mahi, Narmada,
fluents, domestic sewage and miningchain, may often accumulate large amount®handhar, Tapti and Vishwamitri, com-
waste$? The metal contaminants in aquaticof certain metals®. Essentially, fishes prises of a special ecosystem consisting
systems usually remain either in solubleassimilate these heavy metals througtof mud flats, dunes and scattered sandy
or suspension form and finally tend toingestion of suspended particulates, foobeache$ It receives discharges (domestic
settle down to the bottom or are taken ugmaterials and/or by constant ion-exchangend industrial effluents) in significant
by the organisms. The progressive angrocess of dissolved metals across lipoguantities due to extensivedustrial de-
irreversible accumulation of these metalsphilic membranes like the gills/adsorption velopment and urbanization, including one
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of the world’s largest ship-breaking yardsnitric acid were sequentially added tothe order Fe >Zn > Mn > Cu > As >
at Alang-Sosiya, which usually make the1-8 g of the homogenized powder in aPb > Hg > Cr > Co > Cd in fish and Cu >
coast rich. However, in the process its250 ml teflon beaker and digested on a&e > Zn > Mn > Hg > Ni > Pb > Cr > Cd >
waters are being more contaminatedsand bath. The residue left after digestiorCo in crab. The highest mean Fe concen-
Heavy metals, petroleum hydrocarbonswas dissolved in 50 ml of 0.1 N nitric tration in fish was 94.35, while Cu in
and other floating organics are some ofacid and analysed for As, Cd, Co, Cr, Cucrab was 175.45 mg/kg dry wt. The mean
the common contaminants which affectFe, Hg, Mn, Ni, Pb and Zn by Induc- concentration of the essential elements
the quality of the environment. The geo-tively Coupled Plasma Atomic Emission Zn and Mn ranged from 36.8 to 39.5 and
graphical location of the Gulf of Cambay Spectrometer (Perkin Elmer Optical 11.7 to 12.8 mg/kg dry wt of fish and from
makes these contaminants usually unEmission Spectrometer, Optima 200043.2 to 45.4 and 11.65 to 12.90 mg/kg
dergo slower dilution and dispersion thanDV). All digested samples were analyseddry wt of crabs. Crabs exhibited slightly
would occur in the open marine systemsthree times for metals. Analytical blanks higher mean concentration of both Zn
As a result, seafood, particularly fishes andvere run in the same way as the sample&4.22) and Mn (12.27) than that of fishes.
crabs which have great local consumptiorand concentrations were determined us©Overall, the concentration of Cd (8 times),
and export value, is considerably affecteding standard solutions prepared in theCo (2 times), Cr (3 times), Cu (180 times),
Our earlier studies on the horizontal dis-same acid matrix. Accuracy and preci-Fe (2 times), Hg (4 times), Ni (3 times)
tribution patterns of metals in the sedi-sion of the results were checked andand Pb (2 times) was found to be more in
ments of this region have suggested thatompared with standard reference mateerabs compared to fishes, which may be
the major inputs could be due to a varietyrial (SRM, Dorm-2). All metal concentra- accounted for due to the major functional
of increasing anthropogenic activitiestions were quoted as mg/kg dry wt unlesdifferences in their body. The study indi-
with time together with the outsourcing otherwise stated. All chemicals and stan-cates that the accumulation of metals is
of the ship-breaking works at Alang- dard solutions used in the study wererelatively more in crabs than in fishes.
Sosiyd® In the present correspondence obtained from Merck and were of ana- The concentration of some of highly
we report our preliminary findings of lIytical grade. Double-distilled water was toxic metals (Cd, Hg and Pb) detected in
metal accumulation in two aquatic animals,used throughout the study. All glasswarefish was compared with reported values
fishes Harpodon nehereysand crabs and other containers were thoroughlyfor other regions (Table 2) in an effort to
(Metopograpsus maculatyus cleaned, finally rinsed with double- determine the degree of contamination in
Five samples of each species, fishedglistilled water several times and air-driedthe study area. The mean Hg concentra-
and crabs of equal size were collected diprior to use. tion found in fish of the Gulf of Cambay
rectly from fishermen near Alang-Sosiya The concentration of metals (As, Cd,is high, about three times to that of the
and Mahuva coasts during Septembeco, Cr, Cu, Fe, Hg, Mn, Ni, Pb and Zn) Manila Bay, two times that of Calcasieu
2004 (Figure 1). The samples were washeth fish and crabs is presented in Table 1River and Lake, and five times that of the
with clean sea water, brought to the laboand Figure 2. The data show that iron hag\rabian Sea (Pakistan). On the other hand,
ratory in an icebox and then frozen tothe highest concentration, followed byPb accumulation is about nine times that
—20°C. The samples were measured (sizeinc and manganese in fish, while coppeiof Manila Bay, two times that of Cal-
~1 mm and weight ~1 g), dissected withshowed the highest concentration fol-casieu River and Lake, and twenty times
clean equipment and then freeze-driedowed by iron, zinc and manganese inmore than that of Osaka, but about two
for 48 h. The muscles of the all fishescrabs. Metal accumulation levels in crabstimes, two to six times and three times
and soft tissues of all crabs (excluding legsyvere high in all cases, except arsenicless compared to Ikenderun Bay, Medi-
were pooled and placed in 30 g smallNickel and arsenic were in nondetectablgerranean Sea and Arabian Sea (Pakistan)
plastic vial separately. A 3.5 cm diameterlevel in all samples of fish and crab re-respectively. Similarly, Cd accumulation in
teflon ball was added to the vial contain-spectively. Metal accumulation follows fish in the Gulf of Cambay is about ten
ing dried tissues. The vials were tightly times more than that of Manila Bay and
closed and placed in a shaker to pulverize Osaka, two times more that of Calcasieu
and homogenize the samples. Next 4 mlfable 1. Mean metal concentration (mg/kg River and Lake, but four times less and

of 30% perchloric acid and 2 ml of 60% dry wt) in commercial fishes and crabs, Gulf
of Cambay, India

Heavy metal Fish Crab
160 - @ Fishes
. INDIA As 1.74+ 0.856 ND
o STy w@e‘ cd 0.23£0.029  1.60@& 0.566 B Crabs
jg,f ﬂk Co 0.24+0.057  0.42%0.177 120
% ;™ cr 0.77+0.054  2.07% 0.389
e e, GUJARA ) Cu 2.37+0.451 175.4% 2.45 a0
‘“““"C:bwj Sampling” 7 Fe 94.35+2.64  155.85 5.10
stations {7 &
PN }3/ §> S| Hg 0.07+0332 40080023
N MangSesivoagly” L., % Mn 12.14£0.72  12.27G: 0.884
AN my,/f( | ONi ND 3.150+ 0.041
3{ \\\W,, aAAT Pb 1.09£0.071  2.77%0.177 0
w | g ARAGIAN SER - {\“f;’ o RA Zn 38.24+ 1.641 44,22+ 1.21 As Cd Co Cr Cu Fe Hg Mn Ni Pb Zn
Concentration of all metals is in mg/kg ND, Figure 2. Bar diagram Showing bioaccumu-
Figure 1. Location map of the study area. Not detectable. lation of heavy metals in fishes and crabs.
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Table 2. Comparison of metal accumulation in fishes from different regions vs present study

Location Hg (mg/kg) Pb (mg/kg) Cd (mg/kg)

Gulf of Cambay, Indi& 0.970+ 0.332 1.09G: 0.071 0.230 0.029

Manila Bay, the Philippinég? 0.289 (0.049-1.400) 0.135 (0.038-0.300) 0.0243 (0.006-0.071)
Iskenderun Bay™ - 2.320 0.95

Calcasieu River and Lake, Louisiana, USA 0.400 (0.030-0.670) 0.400 (0.060-1.600) 0.1 (0.003-0.12)
Mediterranean Séa® - 2.980-6.120 0.37-0.79

Arabian Sea, Pakistah’ 0.133 (0.510-2.400) 4.120 (2.400-16.000) 0.32 (0.19-0.73)
Osaka, Japar?® - 0.048 (0.030-0.070) 0.027 (0.017-0.045)

Dry weight basis’Wet weight basis; Values shown in parentheses are normal ranges reported.
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Accumulation of heavy metals in two
common aquatic food species in the Gulf12.
of Cambay has been investigated in the
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