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Harbour and coastal sediments of Visakhapatnam are predominantly silty-sand and sand-silt-clay respectively. High
concentration levels of organic matter (OM), total phosphorus (TP), Fe, Zn. Mn, Pb, Cu. Co, Ni and Cd are observed in the
inner harbour sediments due to the influx of industrial effiuents and domestic sewage. On the other hand, there is no
enrichment of Ca and Mg in the harbour when compared with the coastal sediments. Significant positive correlation is
observed between finer fraction of the sediment, OM. TP and metals indicating their common association. However, Mn
showed negative correlation with all these constituents.

Several geochemical aspects of the shelf sediments of
Visakhapatnam have been reported 1-8. Though
several reports are available on hydrography9.
chemical10 and biological aspects of pollution 11 -13.

no detailed investigation on the nature and
geochemical aspects of the sediments of this region has
been reported. The present paper deals with the
chemical composition and effects of industrial and
domestic pollutants on the distribution of some major
and trace elements of the harbour sediments.

Materials and Methods

The area of investigation and station locations are
same as reportedl4. Sedimenrsamples were collected
at 7 stations in the harbour during monsoon (Sept.).
postmonsoon (Dec.) and premonsoon (May) of 1983­
84. Coastal sediments from 4 stations were collected

during postmonsoon (Dec. 1983). The samples were
dried at 70"C. A portion of the sample was subjected to
grainsize analyses for the separation of sand. silt and
clay fractions. The sand fraction was sieved with !~
interval and the clay fraction was subjected to pipette
analysis I~. The cumulative frequency curves were
drawn and the mean size was computed from the
data I h. The ratios of sand. silt and clay were calculated
and the texture of the sediment was determined based

on the nomenclature of Shepard I 7. Organic carbon
(0(') was determined by the direct wet oxidation
method I II and the organic mailer (OM) was
calculated I" by multiplying with a factor of 1.724.

Total phosphorus (TP) was estimated following the
method of Rochford 20. Metals were d~termined by
atomic absorption spectrophotometer (Schimadzu
AA-640-12) after digestion of the sedimenr21 with HF
and HCI04• The values reported are the average of
duplicate determinations of the bulk sediment
samples.

Results and Discussion

Textural studies (Table 1) indicate that silty-sand
was the predominant mode in the harbour and sand­
silt-clay in the coastal region. The sediment
transportation was mainly by littoral and tidal
currents from coastal to harbour region. An increase in
OM was observed during Sept. at all stations in the
harbour followed by a decrease in Dec. Highest OM
was recorded at st 3 which is the main navigational
channel of the harbour. handling large quantities of
bulk and general cargo. Extensive marsh vegetation.
sewage in the upstream and the effluents from nearby
molasses installation also account f'Orhigh OM at this
station. The domestic sewage from the city is
contributing significantly to high OM at st 5.

TP was high in May and relatively low in Sept.
(Table I). Highest TP was observed at st 2 which can be
attributed to the discharge of eflluents from the
fertilizer plant. The phosphate may get incorporated in
the sediment mainly through biological activityn2J.
Lower TP values in Sept. arc due to its leaching14 from
the sediment to the llverlying waters because of heavy
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influx of fresh water followed by turbulence and
intense circulation in monsoon.

Ca and Mg showed relatively high values in May. In
general, their values are lower in harbour than in
coastal sediments (Table 1). This may be due to the
absence of any carbonate contribution to the
sediments other than that of biogenic origin in this
area25. On the average, the concentration of Fe is high
in May and varied in the range 4.08-6.86%. Highest Fe
was observed at st 3which may be due to the spillage of

appreciable amounts of iron ore in the form of fine
dust from the adjoining ore handling plant. This is
supported by the fact that a thick layer of brownish
dust could be seen along the marshy area adjoining this
station particularly during low tide. Mn showed
relatively high concentration in May and highest being
at st 3. It is interesting to note that Mn showed lowest
value (359 ppm) in st 2 while other trace metals like Pb,
Cu, Cd, Co and Ni recorded highest values in this
station. This may be mainly due to the acidic
conditions (pH 5.9 to 6.9), existing at st 2 (because of
the drainage of industrial effluents) which are not
favourable for its flocculation and subsequent
incorporation in the sediment.

Although high concentration of Zn was observed in
all stations of the harbour, it showed highest value
\12,880 ppm) at st 5 in Sept. This may be due to the
drainage of large quantities of domestic sewage
containing considerable amounts of Zn which might

be incorporated in the sediment as its sulphide26• This

is in agreement with the fact that almost anoxic
conditions prevail at this station particularly during
low tide1o.

In general, Cd, Co and Ni levels were high in May
while Pb and Cu were high in Dec. Highest (average)
concentrations ofPb, Cu, Cd, Co and Ni were found at
st 2 (Table 1)which receives considerable quantities of
effluents from zinc smelter, fertilizer plant and
petroleum oil refinery.

Correlation coefficients of metals between the rmer

fraction of the sediment, OM and TP are shown in

Table 2. ~ignificant positive correlation was observed
between finer fraction and TP, Zn, Pb, Cu, Cd, Co and
Ni indicating their common occurrence with this
fraction. OM showed significant positive correlation
with Cu. The correlation was significant between TP
and Fe, Pb, Cu, Co and Ni indicating the association of
these metals with phosphorus. Positive correlation was
observed between metals, significant among them were
between Fe and Pb; between Zn and Cu, Cd; between
'Pb and Cu, Cd~ Co, Ni; between Cu and Cd, Co, Ni;
and between Cd and Co, Ni indicating a common
source for all these metals. However, Mn showed
negative correlation with all the metals indicating little
chance of its occurrence among these metals.

Comparison of chemical composition of harbour
(sts 1-3, 5-8) sediments with those of coastal (sts 9, 10,
12, 13) region is shown in TabId. Concentrations of
OM, TP, Fe, Zn, Mn, Pb, Cu, Cd, Co, Ni are higher in
harbour compared to coastal sediments. Except MD,

Table 2-Correlation Coefficients of Metals and Other Con!'tituents (p<O.OI)

IP
FeMnZnPbCuCdCoNi

S\lt + cla'l

0.11-0.880.710.730.680.870.710.67

OM

O.~80.140.42 0.44

TP

O.7~-0.64 0.980.690,790.810.84

~it

Fe .
0.67

0.390.340.530.53-

Mn

-0.47
-0.73-0.40-0.62-0.47-0.70

Zn

0.70
0.710.480.31

Pb

0.65
0.740.720.92

Cu

0.92
0.820.71

Cd

0.93
0.69

CO

O.~9
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Table 3-A verageConcentrationof ChemicalConstituents
in Harbour and Coastal SedimentsChemical Inner harbour Cuter harbour Coastal region

constituent (sh 1-3,5) (Sts 6-8) (Sts 9,10,12,13

OM

(;I.) 8.82 3.461.41

TP

(;I.) 0.74 0.280.04

Fe

(,~) 6.26 5.804.72

Ca

(;I.) 0.30 0.501.01

M9

(,.;) 2.62 2.9"3.10

~·.n

(ppm) 454 496407

Zn

(ppm) 7421 424091

Pb

(pplil) 296 10486

Cu

(ppm) 120 4138

Cd

(pom) 43 11ND

Co

(ppm) 30 119

Ni

(Ppm) 50 3727

there was a general decrease of their concentration
from the inner (sts 1-3, 5) to the outer harbour (sts 6-8).

This is probably due to the discharge of industrial and
domestic effluents into the inner harbour and their

gradual dilution and dispersion into the coastal region.
The relatively high value of Mn in the outer harbour is
due to its accumulation from the ore jetty and
subsequent incorporation in the sediment as hydrous
manganese oxide. However, the concentrations of Ca
and Mg decrease in the sediments from coastal to the
inner harbour which may be due to the absence of
significant contribution of these metals in the effluents.
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