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Summary: Chromium concentration was assessed in water and sediments of different habitats
of Indus Delta mangroves. It is observed that highest concentration of chromium was 0.291
ppb in water and in sediments 72.20 ppm at Sandspit, whereas lowest concentration was 0.19
ppb in water and in sediments 18 ppm at Miani Hor, which is considered as comparatively
pristine area. The higher leve! of chromium is considered due to different anthropogenic
activities including industrialization and urbanization. Mangrove sediments accumulate greater
amounts of heavy metals like chromium than water or any other components of marine
ecosysiem and therefore, termed as biogeochemical sink. This characteristic of mangrove
sediments is due tc the high concentration of organic matter and sulphides under permanently

reduced conditions.

Introduction

Mangroves grow extensively all along the 240
km southeastern coastline of Pakistan, comprising the
Indus Delia [1] which is a typical fan shaped belt.
The Indus Delta mangrove forests and ecosystem
(67° 9 N; 26° 25E ) are located on eastern side of
Pakistan including the entire coast of the province
Sindh. It is occupied by an area of 260,000 ha [2] of
salt tolerant mangroves [3] and therefore, rates as the
fifth or sixth largest [4] and in fact the largest arid
climate mangrove forest area in the world.

indus delta mangroves are facing number of
threats among which heavy metals pollution is one of
them. This has emerges as a serious issue during last
two decades, especially in coastal areas close to
industrial and agricultural activities [5]. In this study
chromium is selected because of its importance, such
as it is used in the electroplating and alloy industries
and its compounds are used in some of the common
textile dyes. Chromium oxides, specifically Cr,04.
arc used as an effective oxidant, and softener, parti-
cularly in tannery. It is also mainly used in paint and
plastic industries (Table-1). Besides these usefulness
of chromium in different industries, its slightly
elevated levels in ecosystem may cause the sublethal
effects in living organisms. In case of plants, metals
like chromium toxicity generally results in chlorosis
and stunting and have a direct bearing on various
physiological and biochemical process inciuding

reduction of growth photosynthesis, chlorophyl!
content, inhibition of enzyme activities and
degeneration of chloroplasts and mitochondria [6].

Table-1: Concentration (ppm) of Cr in the effluents
discharged from different sources

Source Concentration
Site Nallahs 1.00 ppm
Karachi Tannery 0.20- 8.00 ppm
Pharmaceuticals 546 ppm
Refinery 360 ppm
Tannery 1652 ppm
Textile 593 ppm
Beverage 400 ppm

Results and Discussion

Observations on temperature and salinity of
seawater and texture, water holding capacity and
organic content of soil are shown in Tables-2 and 3.
The temperature values are typical of tropical waters
whereas soil/ sediment analysis showed - typical
characteristic of mangrove soil. The silt and clay
fraction is high and the organic matter content is
greater than 5 % of the dry wt which categorizes it as
organic soil. [7] also found larger fractions of silt and
clay and [8] recorded similar organic matter content
like the present study. The water holding capacity
(W. H. C) is consequently high. All this speaks for
greater accumulation and adsorption of heavy metals
in the sediments [9].
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Table-2: Mean values of Water temp. and salinity in
mangrove habitat of Karachi

Locality Water Temp.”"C___ Salinity %o
Sandspit 23.08 39.33

Port Qasim 30.75 375

Lu¢ Basti 3434 185

Korangi Creek 340 40.0

Karachi Horbour 27.78 35

Chara Creek 23.75 38.5

Table-3: Characteristics of sediments of different

mangrove habitats
Lacality Organic *MWHC  Texture Silt &
Content Clay (%)

. ()

Sandspit 8.55 41.5 Clay Loam  57.52

PortQasim 7.88 39N Clay Loam 50.8

Korangi Creek 6.2 39.82 Clay Loam  18.07

Lut Basti 8.16 39.66 Clay Loam 532

* Maximum water holding capacity

Salinity of seawater is generally higher and
around 40 % as compared to salinity values of 36 %
on the shelf [10]. This may be a result of a drastic cut

“in the discharge of Indus river water in the recent
years to meet the demand of increasing agriculture
and industrialization in the country [11]. But,
occasional lower values recorded in the area indicate
periodic discharge of runoff from the land.

Results shows that highest accumulation of Cr
in water was 0.291 ppb * 0.05 at Sandspit followed
by Port Qasim (0.115 ppb + 0.014) and the lowest
value was observed in Miani Hor (0.019 ppb) (Table-
4) which is considered as pristine area. The range in
concentration of chromium in sea water of different
mangrove sites was 0.02-0.48 ppb (Table-2) which is
higher than the values recorded in the pristine area of
Miani Hor. Lower concentration of Cr is also
recorded in offshore clear waters of Pakistan and
India {12,13] . Higher values of Cr may be attributed
to very high levels of industrial pollution present in
the area, specially the effluents from a large number
of tanneries and from the wastes originating from
different industries (Table-1).

Table 4. Concentration (ppb) of Cr in water of
different mangrove sites

Locality Average conc. + SE Range
Sandspit 0.291+0.05" 0.136-0.48
Port Qasim 0.115+0.014* 0.067 - 0.141
Korangi Creek 0.068+0.006° 0.055-0.080
Karachi Harbour 0.062+0.019° 0.030-0.157
Lut Basti 0.062+0.010° 0.020 - 0.096
Chara Creek 0.06010.010° 0.047- 0.080
Miani Hor 0.019¢ -

Values given are mean of 5 samples, similar letters are not
significantly (p<0.05) different from each other LSD (05, = 0.009
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A number of factors are known to affect
concentration of heavy metals in seawater i.e.
salinity, organic matter and oxides and hydroxides of
Fe. In coastal regions these metals can be scavenged
by coagulation, adsorption and incorporation into the
particulate matter. The production and degradation of
organic matter cause changes in water and particulate
matter qualities which may affect these processes.

Chemically, Cr is found both as Cr (III) and
Cr (IV) in seawater. Cr (IV) occurs as bioavailable
form because Cr (III) is scavenged by the Fe oxides
and organics [14, 15]. Cr exhibits a nutrient type
geochemical behaviour in seawater, i.e. depletion of
surface water and regeneration at lower depths. This
geochemical distribution is influenced by the quantity
and quality of suspended particulates and redox
conditions of the seawater profile [16,17].

Mangrove sediments are typically anoxious
with grey to black coloration and release a typical
smell of hydrogen sulphide when disturbed [8]. They
accumulate greater amounts of heavy metals than any
other component of a marine ecosystem. Average
chromium concentration in sediments was found to
be 95.47 ppm with a range in values from 14.00 to
141.00 ppm (Table-5). Similar values were reported
from Pakistan India, Kuwait, Maxico and UK
estuaries [13, 18-21] whereas much lower values
were observed from shelf of Pakistan [12].

Table-5: Concentration (ppm) of Cr in sediments of different

mangrove sites
Locality Average conc. + SE  Range
Sandspit 7220+ 7.11* 2840 - 141.00
BabaBhit/Shamspir  60.50"
Chara Creek 57.55+0.25° _
Korangi Creek 52.00 +0.50¢ _
Port Qasim 38.97+7.12° 20.10 - 54.20
Lut Basti 25.16+0.58" 14.00 - 34.00
Miani Hor 18.00¢

Values given are mean of § samples, similar letters are not
significantly (p<0.05) different from each other LSD 05 = 0.83

As the major sources of chromium in the sea
are the industrial effluents [22] its concentrations are,
therefore, expected to vary widely in the coastal
marine areas as compared with the open sea. It is
reported that the values ranging between 1-1317 ppm
in world over with about 20 ppm as background
concentration in uncontaminated marine sediments
[171.

When compared with values in water, the
concentration of heavy metals in sediments are far
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less variable with time and space on a global scale
{(17]. This may be because the sediments accumulate
them with time and are not mobile like water. The
effluents contaminate the seawater first and then
other parts of the ecosystem, therefore, any change in
the quantity or quality is reflected in seawater and not
in sediments. They are also diluted with distance
from the source of the pollution.

Sediments of Mangroves are termed as
biogeochemical sink for heavy metals beacuse they
accumulate very high concentration of heavy metals
and that is due to different factors like presence of
high concentrations of organic matter and sulphides
under permanently reducing conditions [8, 21-25]. At
the same time it also indicates that, these sediments
could be the probable source of toxic elements for the
related biological lives, therefore needs regular check
and balance.

Experimental

The area of study is highly polluted with
mostly untreated effluents from more than 6000
industrial units located in two major industrial sites
S.LTE. and LIT.E. (Table-1), which drain their
effluents through the Lyari and Malir rivers. As
much as 2000 tons of BOD of industrial and domestic
wastes are dumped mostly untreated into the shores
of Karachi. Additional organic effluents are
contributed to the area by the Landhi cattle colony,
which discharges the wastes of 85,000 buffaloes into
Korangi creek. Levels of heavy metals and other
contaminants are likewise high [26-28] but very rare
data is available regarding the mangrove habitat.
Therefore, present study was planed to find out the
status of chromium pollution in the sediment and
water of mangrove habitat of Indus Delta.

Samples were collected during the period of
Dec. 1997-Dec.1998. The different localities selected
in the study were Backwater, Sandspit, Baba Bhit/
Shamspir, Karachi harbor, Korangi creek, Port
Qasim, Lut Basti and Chara creek seperated from
each other by few kilometers [29, 30]. Sampling was
also done from Miani Hor a distant site some 100 km
away, and is free from pollution. Water temperatures
and salinity were in the field by a thermometer and a
refrectometer respectively.

Samples were brought to laboratory for further
processing. Soil texture was determined both by
physical touch method and also through wet sieving
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of different mesh sizes [31]. Water holding capacity
[32] and organic matter content [33] were also
determined.

Sediment samples were wet digestion through
aqua regia, whereas water samples were processed
through solvent extraction method. Sampling,
processing and analyzing methods have already been
discussed in detail [29]. The samples were analyzed
in AAS, Model Perkin Elmer, 3300, using a Graphite
Furmace (Model, HGA,600) with an autosampler
(Model, AS 60). Statistically the data were subjected
to analysis of variance (ANOVA) followed by
Duncans Multiple Range Test [34].
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