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Abstract

Discharge of industrial waste in streams, river and coastal areas may alter the physical and chemical properties of
water, which may affect the growth of mangrove. Therefore, it was anticipated that if these wastes used as organic substitute
on mangrove species Avicennia marina, what will be the response of this species against particular industrial waste. For this
purpose a greenhouse study was conducted to measure the effect of industrial waste on seed germination and growth rate of
dominant mangrove species Avicennia marina. This study also evaluates the potential of A.marina for phytoremediation.
Four types of industrial wastes were used to prepare seawater as treatments. The results of the final germination revealed
90% (p<0.001) in all treatments except ash and marble wastes. It was observed that converter slag showed overall better
results while chemical industrial sludge-ash showed most deleterious affect on all growth parameters among treatments. The
results of ANOVA declared significant decrease in shoot length (F=3.54, p<0.05), root length (F=3.23, p<0.05), fresh shoot
weight (F=4.61, p<0.01), dry shoot weight (F=4.05, p<0.01), dry root weight (F=3.92, p<0.01) and fresh root weight
(F=3.43, p<0.05) in all treatments except converter slag and sludge as compared to control. The concentrations of heavy
metal varied significantly, depending upon the type of waste however, minimum values of all metals were obtained in
marble waste. In contrast to marble waste Zn, Co, Mn and Pb were found maximum in prepared polluted sea water, soil,
shoot and root in chemical industry sludge-ash while Fe was higher in converter slag treatment. The calculated values of
Biological Accumulation Coefficient (BAC), Biological Transfer Coefficient (BTC) and Bio-concentration Factor (BCF)
showed that Avicennia marina can efficiently act as a phytoremediation species for selected heavy metals in Pakistan

mangrove ecosystem. However, there should be a limit to add chemical pollutant in this ecosystem.

Introduction

Mangroves are the woody plants that inhabit the
tropical and sub-tropical coastal areas around the world.
They are the major components between marine and
terrestrial ecosystem and provide a variety of benefits in
terms of healthy environment, biodiversity, food, fuel and
fodder etc. Despite the fact that mangroves constitute an
important entity and play a vital role in marine food webs,
they are being badly affected due to various anthropogenic
activities including pollution (Saifullah, 1997). Land
reclamation activities like increasing industrialization and
urban runoff leading to high risk of effluent discharges
along the coastal areas have resulted in depletion of
mangroves (Shete et al., 2007). However, there is a lack of
information on assessment of heavy metal concentrations in
mangroves all over the world (Lacerda, 1997).

The coast line of Pakistan extends about 1050 km
where Karachi is located on the northern border of
Arabian Sea. It is about 135 km long and one of the most
affected area along the coast of Pakistan (Beg et al., 1984
and Khan et al., 1999). The population of Karachi is
about 20 million and it is a focal centre of industrial
development and multiculturalism. It has been estimated
that Karachi generates approximately 350 million gallons
per day domestic and industrial waste water, which is
discharged into two main rivers, via Lyari and Malir.
Approximately 30% of this waste is generated from
municipal sources while 70% is generated by industries
(Saleem & Kazi, 1998). The heavy metals are one of the
major pollutants of waste, being discharged in the city
coast and create hazards for the marine ecology,
particularly in the mangrove habitat (Nazim, 2011).

Though, metal toxicity may affect all forms of life
including microorganism, plants and animals but the
degree of toxicity varies from organism to organism.
Mirza et at., (1982) reported 250,000 ha mangrove cover
which has been shrunken considerably (35%) due to
extensive harvesting and industrial activities (Amjad et
al., 2007).

It is generally considered that mangroves show
ability to accumulate metals and possess a certain
tolerance to relatively high levels of heavy metal
pollution. Thomas & Eong (1984) and Kathiresan &
Bingham, (2001) reported that mangroves are poor
indicator of trace metal concentration. Generally,
mangroves show less than one percent for metal
concentrations between tissues and sediments (Saenger et
al., 1990; Rao et al., 1991; Tam & Wong, 1995 and Ong-
Che, 1999). They often receive inputs of heavy metals
and the sediments may show significantly higher metal
contamination (Mackey et al., 1992; Lacerda et al., 1993;
Rivail et al., 1996; Lacerda, 1998, Tam & Yao, 1998). It
is anticipated that different mangrove species show
different response to the pollution. Though, little work has
been done on phytoremediation in mangroves around the
world (Lacerda, 1997).

Phytoremediation is a newly emerging field, applied to
clean up polluted soil, water or air (Meagher et al., 2000).
In this process green plants can be used to remove limited
amount of sequester hazardous substances especially heavy
metals from a particular environment but the accumulation
of heavy metals may vary from species to species. It is a
cost-effective tool and long lasting aesthetic solution for
remediation of contaminated sites (Ma et al., 2001). In
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recent years, it has been widely considered as an effective
approach to improve metal or metalloids-contaminated
soils (Chaney et al., 1997). However in highly polluted
coastal areas of Karachi, mangroves seem to be highly
affected by pollutants. Bearing these considerations in
mind, present investigation was undertaken to examine the
effect of various pollutants on seed germination, initial
growth of seedlings and the ability of mangrove (Avicennia
marina) seedlings to absorb and accumulate heavy metals
and their effects on growth. The ultimate goal is to disclose
the causal factors responsible for the damage of mangroves
by accumulation of toxic substances such as heavy metals
from the industrial waste.

Materials and Methods

A green house experiment was conducted in plastic
pots on mangrove species A. marina under the influence
of four different industrial wastes viz; (1) Chemical
industry sludge and its ash (2) Boulder slag, (3) Converter
slag and (4) Marble waste powder.

Sample preparation of industrial wastes: Only sludge
samples were incinerated up to 1100°C until they were
converted into ash at Government Authorized Incineration
Plant at Dhabeji area Sindh, Pakistan. For preparing
solution all the collected waste samples were oven dried
at 105°C to get constant weight and 0.2g of each sample
were taken into the beaker and digested in aqua regia
solution (HCI: HNO; 3:1). Samples were placed on hot
plate till the solution gets dried. After drying the solution,
10ml deionized water was added and left for 24 hours so
that all the metals get settled in water. The solutions were
filtered with Whatman filter paper No. 41 into 100 ml
volumetric flask and volume made up to 100ml using
deionized water and stored for analysis. Blank sample
was also prepared for the calibration. Five heavy metals
Zn, Fe, Co, Mn and Pb were analyzed with Atomic
Absorption Spectrophotometer (Model PG990).

Seeds of A. marina and seawater were collected from
Sandspit. 100 g dry powder of each waste were spread in
different glass containers, filled with 25 liters sea water
and left for 30 days to prepare five different types of
polluted sea water treatments. The ratio between waste
and seawater was 1g/250ml (4g/Liter). Minimum
concentrations were taken to check the individual effects
of waste on germination and initial growth of A. marina.
The experiment was carried out in plastic pots sized 8
inches in height and 5 inches in diameter filled with 500 g
of loamy sand. Three replicates were taken and five seeds
of A. marina were sown in each pot including control. All
pots were irrigated by prepared polluted sea water up to
20 weeks. The growth parameters i.e. percentage of seed
germination, height of seedlings and numbers of leaves
were measured weekly. After twenty weeks the
experiment was terminated and root length, fresh weight
and dry weight of shoot and root were determined.
Physical properties of prepared polluted sea water i.e. pH,
salinity, total dissolved solids, conductivity and
temperature were determined using multiparameter
Sension Tm105.
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Five heavy metals including Zn, Fe, Co, Mn and Pb
in prepared water, soil and tissues were analyzed after the
termination of experiment.

Sample preparation of prepared polluted water: Water
samples of all treatments were filtered and diluted 90%
with de-ionized distilled water and 1ml HNO; to stop
microbial activity. Sample preparation of soil and plant
tissue (shoot and root) samples were prepared following
Ismail (2002).

The values of seed germination percentages were
transformed using Arcsine Transformation by Zar (1999).
The data were subjected to soft wares COSTAT ver.3 and
SPSS ver.10 for the analysis of variance (Steel and Torrie,
1984; Duncan, 1955) and multivariate analysis
respectively. The package CURVEFIT was applied to
number of leaves and shoot length data. Relationship
between treatment and time was obtained using following
logistic curve equation.

Y=a/ (1+bxexp © )

where Y = exponential growth
X =time
a, b and c are constants

Three multivariate tests were applied on heavy metals
concentration in prepared polluted sea water, soil and
tissues to check the over all significant differences among
treatments. P-values for two of the three tests (Wilks’
lambda and Hotelling’s trace) are computed exactly, and
the p-values for the third (Pillai’s trace) based on an F-
approximation is more accurate but occasionally slightly
more liberal than the default.

Phytoremediation: Phytoremediation were carried out
using three biological methods, Biological Accumulation
Coefficient (BAC) was described as the concentration of a
particular metal accumulated in plant shoot to that of the
concentration of the same metal obtained from soil.

BAC= [Metal] shoot / [Metal] soil

Biological Transfer Coefficient (BTC) was defined as
the accumulated concentration of a particular metal in
shoot to that in the root.

BTC= [Metal] shoot / [Metal] root

The above two equations were followed by Zu et
al., (2005).

Bio-concentration Factor (BCF) was represented as
the concentration of heavy metals accumulated in plant
root divided by concentration of the same metal obtained
from their respective soil (Yoon et al., 2006).

BCF= [Metal] root / [Metal] soil
Results

Growth parameters: Effects of various prepared
polluted sea water on final seed germination percentage,
shoot length, root length, number of leaves, fresh shoot
weight, fresh root weight, dry shoot and root weight were
recorded and summarized in Table 1.
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Table 1. Analysis of variance and Duncan’s Multiple Range Test for growth parameters of Avicennia marina,
under various industrial pollutants.

Treatments Ger NL SL FSW FRW DSW DRW
(%) (cm) (cm) () ©) @) ()
F-values 10.6*** 1.79ns 3.54* 3.23* 4.61** 3.43* 4.50** 3.92%*
Control 90+0a  10+0.73a 14.93+0.9ab  15.55+#0.27a 1.71+0.30ab 1.38+0.19ab 0.55+0.09abc 0.35+0.04abc
sludge 90+0a  8+0.5lab 12.25+1.44abc 14.6+0.55ab 1.75+0.12ab 1.8#0.11a 0.67+0.06ab 0.46+0.03ab
Ash 45+0b  5+2.23ab  7.53+2.61c 7.30+3.28c  0.64+0.22c 0.80+0.37b  0.22+0.07c  0.19+0.08c
Boulder Slag 90+0a 5+1.45b  8.91+054bc  8.95+2.85hc 1+0.47bc  0.88£0.30b 0.34+0.15bc  0.21+0.07c
Converter Slag 90+0a  9+0.65ab 17.18+1.30a 14.78+0.56ab 2.56+0.13a 2.15+¥0.09a 0.87+0.05a  0.53+0.02a
Marble 60+15b 8+2.82ab 10.18+3.36 bc  8.13+2.66c  1.15+0.45bc 1.29+0.42ab 0.43+0.16bc  0.31+0.31bc
LSD 19 4.76 5.66 6.09 0.91 0.81 0.32 0.19

Note: Ger= Germination, NL= No. of leaves, SL= Shoot length, RL= Root length, FSW=Fresh shoot weight, FRW=Fresh root weight,
DSW= Dry shoot weight, DRW= Dry root weight. Means sharing same letters in a column are non-significant, * = significant level
(p<0.05), ** = significant level (p<0.01), *** = (p<0.001), ns=Non-significant and Same letter in same column are non significant

The result of ANOVA described the significance level
of these parameters among treatments. Seed germination
percentage (F=10.60; p<0.001), shoot length (F= 3.54,
p<0.05), root length (F= 3.23, p<0.05) were found
significant, while number of leaves was found non-
significant. The order of the maximum deleterious effect on
these parameters among treatments was, seed germination
percentage>shoot length>root length>number of leaves.
The final seed germination percentage was significantly
reduced in ash and marble treatments. Shoot growth
(p<0.05) was significantly increased in converter slag
treatment, while significant reduction was found in ash
treatment related to control. Root growth was significantly
affected in ash, converter slag and marble waste treatment
as compared to control. Number of leaves were
significantly (p<0.05) less in converter slag treatment as
compared to control.

The results of ANOVA showed significant
differences in fresh shoot weight (F= 4.61; p<0.01), fresh
root weight (F=3.43; p<0.05), dry shoot weight (F=4.50;
p<0.01) and dry root weight (F=3.92; p<0.01) among
treatments. However, fresh shoot weight was significantly

reduced only by ash relative to control (p<0.01), while
fresh root weight was significantly decreased in ash and
boulder slag compared to sludge and converter slag
treatment (p<0.05). Dry shoot weight in converter slag
was significantly higher than ash, boulder slag and marble
(p<0.01), consequently dry weight of root was also differ
significantly in converter slag with ash, boulder slag and
marble waste treatment (p<0.01) Table 1.

Heavy metals analysis of prepared polluted sea water,
soil and plant tissues: Table 2 showed the analysis of
variance of the heavy metals in prepared polluted sea
water. The F-values of ANOVA described that Zn
(F=4.02; p<0.05) Mn (F=3.20; p<0.05) and Pb (F=4.32;
p<0.05) were found significant, while Fe and Co were
non-significant. The order of maximum toxic effect of
metals discharged in water from treatments was
Pb>Zn>Mn>Fe>Co. However, Zn, Mn and Pb were
found significantly higher (p<0.05) in sludge and ash
treatment respectively as compared to control, while Fe
and Co were non-significant relative to control and among
treatments.

Table 2. Analysis of variance and Duncan’s Multiple Range Test of prepared polluted sea water
from five different industries.

Treatments Zn Fe co Mn Pb

mg/l mg/l mg/l mg/l mg/l
F-values 4.02* 1.28ns 0.32ns 3.20% 4.32*
Control 0.02 £0.01b 0.03+0.02a 0.26 + 0.06a 0.05+0.01b 0.05+0.01c
Sludge 0.40 £ 0.06 a 0.26 £ 0.13a 0.38 £ 0.04a 0.69 £ 0.14a 0.54 £ 0.19ab
Ash 0.45 + 0.05a 0.32+0.18a 0.38 +0.15a 0.70 £ 0.20a 0.74 £ 0.21a
Boulder Slag 0.29 + 0.09ac 0.08 £ 0.03a 0.31+0.05a 0.38 +0.24ab 0.21+0.18bc
Converter Slag 0.23 £ 0.14ab 0.34 £0.19a 0.29 £ 0.08a 0.25 £ 0.04ab 0.08 £ 0.07c
Marble 0.08 £ 0.07bc 0.05+0.01a 0.28 £ 0.08a 0.24 + 0.06ab 0.06 £ 0.01c
LSD 0.26 0.38 0.27 0.44 0.43

Note: * = (p<0.05) and ns = non-significant. Means sharing same letters in a column are non-significant

Table 3 describes the results of ANOVA for heavy
metals in soil after the experiment terminated. Zn
(F=7.67; p<0.01), Fe (F=23.73; p<0.001) Co (3.43;
p<0.05) and Pb (F=4.26; p<0.05) were found
significant, while Mn was observed non-significant.
The order of the F-values in soil for greatest
contaminated effect of metals was presented as,

Fe>Zn>Pb>Co>Mn. Whereas, Zn was significantly
higher (p<0.01) in sludge, ash and boulder slag
pertinent to control. Fe was significantly greater
(p<0.001) in converter slag and ash treatment as
compared to control. Co and Pb showed significant
increment (p<0.05) in sludge and ash related to control.
Non-significant differences were observed in Mn.
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Table 3. Analysis of variance and Duncan’s Multiple Range Tests for heavy metal contamination in soil.

Treatments Zn Fe co Mn Pb
mg/kg mg/kg mg/kg mg/kg mg/kg
F-values 7.67** 23.73*** 3.43* 0.78ns 4.26%
Control 0.006 + 0.002c 0.17 £ 0.03b 0.05+0.01c 1.52 +0.25a 0.79 £ 0.01b
Sludge 0.75+0.17a 0.26 + 0.09b 0.87 £ 0.27ab 2.47 £ 0.58a 1.1+£0.13a
Ash 0.78 £0.13a 1.64 £0.25a 0.98 + 0.25a 2.51 +0.54a 1.12 £ 0.08a
Boulder Slag 0.45+ 0.21ab 0.25+ 0.06b 0.67 + 0.19abc 2.43 +0.36a 0.91 +0.01ab
Converter Slag 0.16 + 0.04bc 1.69+0.23a 0.66 £ 0.20abc 2.42 +0.37a 0.83 £ 0.02b
Marble 0.05 + 0.01bc 0.18 £ 0.05b 0.21+0.11bc 2.27 £0.33a 0.82 + 0.06b
LSD 0.38 0.47 0.60 1.30 0.21

Note: * = (p<0.05), ** = (p<0.01), *** = (p<0.001) and ns = non-significant. Means sharing same letters in a column are non-significant

The result of ANOVA for heavy metals
accumulation in shoot dry biomass was described in
Table 4. The maximum F-values of the heavy metals
were described in that order, Fe>Zn>Mn>Pb>Co. Only
Zn (F=7.23, p>0.01) and Fe (F=83.44; p<0.001) were
recorded significant whereas, Co, Mn and Pb were non-
significant. Zn was significantly higher (p<0.01) in

sludge, ash and marble treatment compared to control.
The significantly higher accumulation of Fe (p<0.001)
was recorded in sludge, ash and converter slag
treatment related to control. Co and Pb were non-
significant among treatments. The amount of Mn
(p<0.05) was significantly accumulated in sludge and
ash treatment.

Table 4. Analysis of variance and Duncan’s Multiple Range Tests of heavy metal accumulation in shoot.

Treatments Zn Fe Co Mn Pb
mg/kg mg/kg mg/kg mg/kg mg/kg
F-values 7.23** 83.44*** 0.096ns 2.36ns 0.39ns
Control 0.01 +0b 1.24 £ 0.26¢ 0.32+0.16a 0.41+0.18b 0.61 +0.28a
Sludge 1.35+0.30a 2.58 + 0.36b 0.41+0.20a 1.13+0.20a 0.84 £ 0.14a
Ash 1.41+0.23a 6.99 £ 0.39% 0.48 £ 0.24a 1.14+0.13a 0.88 £ 0.07a
Boulder Slag 0.34+£0.32b 1.35+0.18c 0.39+0.17a 0.87 £ 0.24ab 0.81+0.12a
Converter Slag 0.31+0.12b 7.14 £ 0.35a 0.37£0.18a 0.72 £ 0.23ab 0.80 £ 0.08a
Marble 1.25+0.22a 1.32 £ 0.26¢ 0.33+0.15a 0.49+0.19b 0.68 £ 0.14a
LSD 0.71 0.96 0.58 0.62 0.49

Note: ** = (p<0.01), *** = (p<0.001) and ns = non-significant. Means sharing same letters in a column are non-significant

The heavy metal analysis of root discussed in Table
5. The F-values of ANOVA showed that only Fe
(F=152.02; p<0.001) and Mn (F=3.49; p<0.05) were
found significant, while Zn, Co and Pb were non-
significant. The order of the maximum accumulation of
these heavy metals in root dry biomass were presented as
Fe>Mn>Zn>Co>Pb. However, the mean values of Zn

(p<0.05) were significant in sludge and ash treatment
compare to control. Fe (p<0.001) was significantly
accumulated in roots in all treatments except marble
compared to control. The accumulation of Mn (p<0.05)
was comparatively significant with control in sludge and
ash treatment, while Co and Pb were non-significant
among treatments.

Table 5. Analysis of variance and Duncan’s Multiple Range Tests of heavy metal accumulation in root.

Treatments Zn Fe Co Mn Pb
mg/kg mg/kg mg/kg mg/kg mg/kg
F-values 2.57ns 152.02*** 1.32ns 3.49* 0.82ns
Control 0.001 +0b 1.26 £ 0.22d 0.23 +0.08a 0.65+0.18b 0.71+0.12a
sludge 0.90 + 0.40a 4.48 +0.42c 0.41+0.23a 1.40 +£ 0.26a 0.93 + 0.05a
Ash 0.91+0.34a 9.04 £ 0.32b 0.81+0.10a 1.46 £ 0.15a 1.01+£0.17a
Boulder Slag 0.63 £ 0.21ab 4.16 £ 0.22¢c 0.39 £ 0.24a 1.23+0.19ab 0.86 + 0.08a
Converter Slag 0.32 +0.27ab 11.92 +0.47a 0.37+0.17a 0.83 + 0.14ab 0.76 £0.13a
Marble 0.01 +0b 1.64 £0.31d 0.34+0.12a 0.71+£0.19b 0.73+0.17a
LSD 0.79 1.05 0.53 0.59 0.40

Note: * = (p<0.05), *** = (p<0.001) and ns = non-significant. Means sharing same letters in a column are non-significant
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Multivariate analysis for heavy metal in water, soil,
shoot and root: Table 6a describes summary of
multivariate analysis of heavy metals in sea water, soil,
shoot and root with their mean vectors. Pilli’s Trace for
intercepts and treatments were found significant
(p<0.001) in all samples.

Table 6a. F-values of multivariate test (Pillai's Trace)
for heavy metal in water, soil, shoot and root.

Samples Intercept Treatments
Water 16.34*** 1.64***
Soil 1301.41*** 2.68***
Shoot 189.23*** 2.53***
Root 773.97*** 1.91%**

Note: *** = (p<0.001)
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The test between treatments for prepared polluted sea
water was presented in Table 6b. Zn, Mn and Pb were
found significant (p<0.05) while Fe and Co were non-
significant among treatments. The highly significant
results between treatments for soil were recorded. The F-
values of Zn was found significant (p<0.01), Fe
(p<0.001), Co and Pb (p<0.05) while Mn was non-
significant among treatments. The test between subjects in
treatments for shoot showed F-values of Zn (F=7.23;
P<0.01) was significant and Fe (F=83.44, p<0.001) while
Co, Mn and Pb were non-significant. In the case of root,
the tests between treatments are presented in Table 6B.
The F-values of Zn, Co and Pb were non-significant
whereas Fe (F=152.02) and Mn (F=3.49) were significant
(p<0.001 and p<0.05) respectively.

Table 6b. Multivariate tests for heavy metal between-treatments effects of prepared polluted sea water, soil, shoot and root.

Sand DV A B c D
Treatments | Ms | Fv | p< | Ms | Fv | P< Ms | Fv | p< [ Ms ] Fv | Pp<
Zn 008 402 p<0.05 036 7.67 p<0.0l 585 723 p<00l 260 257 ns
Fe 005 127 ns 169 2373 p<0.001 122.18 83.44 p<0.001 268.28 152.02 p<0.001
Co 0007 032 ns 040 343 p<005 005 009 ns 059 132 ns
Mn 020 320 p<0.05 042 079  ns 145 236 ns 196 349 p<0.05
Pb 025 432 p<0.05 006 426 p<0.05 015 039 ns 021 082 ns
Error
Zn 0.02 0.04 1.94 2.42
Fe 0.04 0.07 351 423
Co 0.02 0.11 1.29 1.07
Mn 0.06 0.54 147 134
Pb 0.05 0.01 0.92 0.62

Note: S and DV= Source and dependent variables, A= Treatment effects on prepared polluted water, B= Treatment effects on soil,
C= Treatment effects on shoot, D= Treatment effects on root, MS= Mean Square, FV= F-value, p<=Significant level and ns= Non-

significant

The curves obtained by plotting growth and time are
typical sigmoid or S- shaped curves. Number of leaves in
terms of sigmoid curve is described by various phases.
The logistic curve has an inflection point which separates
the curve into two equal parts of opposite concavity. The
curve shows that during the initial stage (log phase) the
number of leaves was lower in ash treatment compared to
controls. Number of leaves increased in all treatments
with time. After exponential phase the number of leaves
attained stationary phase, the lowest stationary phase
(a=5.10) was found in ash treatment and number of leaves
became constant at 10 to 20 weeks of growth. The
maximum stationary phase (a=8.99) was estimated in
converter slag compared to other treatments (Fig. 1).

The characteristic concave shape in the graph of a
shoot length logistic function shows that initial
exponential growth is followed by a period in which
growth slows down and then levels off, approaching (but
never attaining) a maximum upper limit (Fig. 2). The
result showed that shoot length increased in all treatments
with time. During the initial stage (log phase) the
increasing rate of shoot length was very low in ash
treatment compared to controls. After exponential phase
the length of shoot achieved stationary phase, the lowest

stationary phase (a=7.56) was found in ash treatment and
shoot length became stationary with time. The maximum
increase in shoot length (a=1.679) was estimated in
converter slag compared to controls.

Phytoremediation: Table 7 evaluates the results of BAC
(Biological Accumulation Coefficient), BTC (Biological
Transfer Coefficient) and BCF (Bio-concentration Factor)
of heavy metals concentration in mangrove soil, root and
shoot. The maximum values of BAC (22.05), BTC (125)
and BCF (2.0) for Zn were recorded in ash treatment as
compared to control. However, the lowest values of all
three parameters were found in marble related to other
treatments. For Fe the highest BAC (9.88), BTC (162.63)
and BCF (17.14) were recorded in converter slag
treatment as compared to control, while, the lowest value
were found in marble waste among treatments. The
highest values of BAC (6.28), BTC (1.4) and BCF (4.48)
for Co, greatest accumulation of Mn BAC (0.46), BTC
(0.87) and BCF (0.58) and all three parameters of Pb
BAC (0.96), BTC (1.05) and BCF (0.94) were also
recorded in ash treatment compared to control. The lowest
accumulation of Co, Mn and Pb were estimated in marble
as compared to other treatments.
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Fig 1. Relationship between time and number of leaves in different treatments.
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Table 7. BAC, BTC and BCF of mangrove species Avicennia marina under six types of treatments.
Metals ACC;JaTtlélgtlon Control Insdltdfjtgéal Ash BoSl:;céer CO';\I/:;H Marble

BAC 0.74 1.8 22.05 1.79 1.95 1.57
Zn BTC 0.53 1.53 125 1.50 10 0.97
BCF 0.15 1.19 2 117 1.38 1.16
BAC 4.21 7.07 7.26 5.36 9.88 4.24
Fe BTC 17.27 49.44 125.6 45.91 162.63 22.77
BCF 5.49 8.77 16.49 7.42 17.14 7.04
BAC 0.47 1.15 6.28 0.56 0.59 0.49
Co BTC 0.59 1 14 1 1 0.97
BCF 0.47 1.56 4.48 0.58 0.82 0.55
BAC 0.21 0.45 0.46 0.29 0.35 0.26
Mn BTC 0.62 0.80 0.87 0.70 0.77 0.69
BCF 0.31 0.56 0.58 0.42 0.50 0.34
BAC 0.76 0.89 0.96 0.78 0.83 0.78
Pb BTC 0.86 0.94 1.05 0.90 0.93 0.87
BCF 0.84 0.91 0.94 0.90 0.89 0.89

Note: BAC= Biological Accumulation Coefficient, BTC=Biological Transfer Coefficient, BCF= Bio-concentration Factor

Discussion

In the present study the high values of pH,
conductivity, TDS and temperature in converter slag
indicated the high alkaline nature of this treatment in
prepared polluted water because of dissolved salts and
metallic ions. Conductivity, TDS and pH are temperature
dependent parameters, as the temperature of water
increases the velocity of ions in term of conductivity
increases. The physical properties of water and soil are
important to determine the appropriate use of the substrate
while tissue analysis is a powerful tool for identifying the
plant nutrient status because it is related to plant growth
(Brady & Well, 1999). High concentrations of heavy
metals were recorded in soil compared with ash treatment.
Elliott & Dempsey, (1990) reported that the addition of
sludge-ash significantly alters the soil chemistry.

In Avicennia marina, the germination started in four
to five days and completed within 12 days; (Nazim et al.,
2010). This species showed 90% germination in all
treatments except in ash and marble waste possibly due to
high concentration of Zn, Co, Pb and Mn in ash treatment
while in case of marble waste this may be due to
unavailability of nutrients which are important for the
growth of mangrove. Lovelock et al., (2007) stated that
nutrient enrichment has been proposed to be an important
factor, leading to increase in mangrove cover, growth and
its structure. In almost all plants, nutrient availability is an
important driving variable influencing growth parameter
Grime, (1979); Chapin, (1980) & Tilman, (1987) and this
is also the case for mangrove forests (Onuf et al., 1977;
Boto & Wellington, 1983). Significantly higher mean
height of seedlings in converter slag is most probably due
to excessively high concentration of iron. Alongi, (2010)
reported that mangroves growing from seedling to sapling

stage have a strong nutritional requirement for iron.
Nazim (2011) also described the importance of iron for
the growth of A. marina. The thick and heavy growth of
mangroves near the conveyer belt at Port Qasim also
explains the importance of this element for the growth of
mangroves (Personal observation). The inhibition of shoot
height by chemical industry sludge-ash may be attributed
to high amounts of Zn, Co, Mn and Pb which
competitively interfere with other ion uptake and
translocation. It also alters the activity of several
enzymes, and result in variation in the levels of protein
synthesis and photosynthetic activity in plant system and
its growth (Lee et al., 1976). It was recorded that the total
concentrations of heavy metals in the tissues (shoot and
root) of A. marina were higher than in water and soil. The
greater amount of lead was accumulated in root and shoot
of A. marina in ash treatment with a significant difference
compared to other treatments. The ash treatment gave the
adverse effect on shoot length because this treatment
possessed low salinity values with high concentration of
heavy metals. Subramanian, (1982) stated that salinity
seemed to be a dominant factor in controlling the uptake
and accumulation of the elements in mangrove plants.
The concentrations of lead were higher in roots than in
shoots. Studies on lead uptake (Lane & Martin, 1977)
have demonstrated that roots have ability to uptake
significant quantity of Pb, simultaneously greatly
restricting its translocation to above ground parts. The
roots of mangroves take up the pollutant from the soil but
it depends upon the biologically available metals in the
soil (Ong-Che, 1999). In this study root showed overall
high concentrations of all metals among treatments.
According to Tam & Wong, (1995) mangrove roots
appear to be barriers; they prevent metals to move from
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seedlings into more sensitive parts of the plant.
Accumulation of pollutants especially heavy metals occur
in the roots of mangroves plant but restrict its transport to
aerial portions of the plant (Silva et al., 1990), which
causes inhibition in overall growth, resulting in decreased
fresh and dry biomass of plant.

The metals in the chemical industry sludge were also
found in great amount, but due to acidic nature of the
waste, the metals were unable to be mobile in soil (Elliott
and Dempsey, 1990) and give a profound effect on the
growth of A. marina that might be due to the organic
nature of sludge compared to its ash.

It is suggested that the converter slag also had overall
better results with respect to fresh and dry weight of shoot
and root because of its liming nature and the presence of
iron. lron is a very reactive metal especially when present
extensively over a large scale on a mineral surface such as
sediments. The iron concentration in waste is commonly
regulated because it readily oxidized, causing rust stains,
normally it does not represent a toxicity problem since it
is usually present in the form of stable iron complexes
(Wang and Mu, 1992). The concentration of heavy metals
may be regulated because of the toxicity of these metals
or their compound. The toxicity can vary with particular
metal or compound and with the form in which the metal
exist (Wang and Mu, 1992). Fe oxyhydroxides have
received a large degree of attention in aquatic metal
chemistry. This is due to their omnipresence and copious
property, as well as their proven geochemical reactivity
(Honey-man and Santschi, 1988). Further, it is common
that Fe oxyhydroxides form surface coatings on other
types of mineral substrates such as clays and carbonates
Whitney, (1975); Helios-Rybicka and Forstner, (1986);
Warren and Zimmer-man, (1994); Coston et al., (1995)
and thus, while their relative mass in a suspended
sediment pool may be relatively small, they often
dominate the geochemical reactivity of that sediment
compartment and therefore, can influence on chemical
behavior of the environment. It was observed and also
repeated by other workers that at coastal areas of Sindh,
the mangrove plants do not survive at many places even if
all other environmental factors are favorable. Therefore,
on the basis of other workers our results may be suggested
that besides other factors the suppression of growth (or
stunted growth) and high seedling mortality (personal
observation) was possibly due to the accumulation of high
concentrations of heavy metals in sea-water and
sediments. According to Stigliani, (1995) generally
mangrove sediments have a high capacity for absorbing
and holding trace metals, the disturbance or erosion may
cause mangrove soil to loose their metals binding
capacity, resulting in mobilization of the metals. The
mangal then shifts from a heavy metals sink to heavy
metals source, often these disruptions are associated with
human activates (Lacerda, 1998). Zheng et al., (1997)
suggested that mangrove plantation should be avoided
from Zinc polluted sites because seedling secretes certain
types of organic acids that may increase the solubility of
the metals resulting in high rate of mortality due to Zn
toxicity. The results presented here seem to agree the
findings of Zheng et al., (1997).
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The study on heavy metal accumulation in
mangrove shoot and root provided the understanding
about the high level of risk to mangroves with the high
rate of pollution. Phytoremediation of this particular
species was chosen because this species grows near or
on the edge of the coastal areas and seems to be highly
affected by the discharge of wastes. Secondly, this
species is considered as ‘bio-chemical filter’ but with
the passage of time the area covered by this species is
gradually decreasing. Mangrove plants are known as the
hyper accumulating plants because they accumulate high
concentration of contaminants, most commonly toxic
heavy metals such as Zn and Pb (Mac-Farlane et al.,
2007). Mangrove participates in  bio-chemical
remediation extended from municipal waste to industrial
pollutants of both organic and inorganic (Mac-Farlane et
al., 2007). BAC, BTC and BCF can be used to estimate
a potential for phytoremediation purposes. It appeared
that Zinc concentration in different samples varies to a
great extent from treatment to treatment. To compare the
influence of the contamination of heavy metal uptake,
BAC, BTC and BCF were the best tools. BAC values for
Zn and Fe for most treatments were greater than 1 which
shows a special ability of the test plant to absorb heavy
metals from soil transport and store them in their above
ground parts (Baker and Books, 1989; Baker et al.,
1994; Brown et al., 1994 and Wei et al., 2002).
However, the value of BAC lower than 1 could be
primarily considered as potential hyper-accumulators.
However, the ability of this species to tolerate and
accumulate heavy metals may be useful for
phytostabilization. Considering the BTC values, Zn, Fe,
Co Pb contained values greater than 1 in most of the
treatments. It was evident that this species has great
potential to accumulate Zn, Fe, Co and Pb whereas the
BTC values for Mn possessed lower than 1. The overall
results suggested that this species is hyper-accumulator
for Fe, Zn and Co in the following order Fe> Zn> Co
whereas limited ability to accumulate Pb while hypo-
accumulator for Mn. This study demonstrated that
Avicenna marina has high potential to accumulate heavy
metals; however, the greater concentrations of metals
inhibit the overall growth from the initial stages. Effect
of heavy metals on early seedling growth will help to
elucidate the causes of reduction in mangrove forest. To
identify the particular industrial pollutant, this show
significant inhibitory effect on germination and early
growth of A. marina along the coast of Pakistan.
Therefore, it is suggested that early or young population
of mangrove should keep away from heavy metal
pollution.

Conclusion

This study has showed that A.marina possess the high
capacity to accumulate Zn, Fe, Co, Mn and Pb via its
roots and accumulating in certain parts of mangrove plant.
This suggests the potential of A. marina as a
phytoremediation  species for Pakistan mangrove
ecosystem. As such, further study is recommended to
determine the true potential of this species as a
phytoremediation species. However, the degree of toxicity
varies with the type and nature of the waste material that
shows both positive and negative effects on various
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growth parameters of the plant. It is concluded that all
types of industrial waste must be discharged after
treatment and assortment rather than discharged directly
into the sea.

References

Amjad, Shah. A., |. Kasawani and J. Kamaruzaman. 2007.
Degradation of Indus Delta Mangroves in Pakistan.
International Journal of Geology, 1(3): 27-34.

Alongi, D.M. 2010. Dissolved iron supply limits early growth of
estuarine mangroves. Ecology, 91: 3229-3241.

Baker, A.J.M and R.R. Books. 1989. Terrestrial higher plants
which hyperaccumulate metallic elements. A review of
their  distribution, Ecology and  Photochemistry.
Biorecovery, 1: 81-126.

Baker, AJ.M., R.D. Reeves and A.S.M. Hajar. 1994. Heavy
metal accumulation and tolerance in British populations of
the metallophyte Thlaspi caerulescens. J. & C. Press!
(Brassicaceae). New Phytologist, 127: 61-68.

Beg, S.N., M.N. Sitwat and A.H.K. Yousufzai. 1984. Land
based pollution and the marine environment of Karachi.
Pakistan Journal of Science and Industrial Research, 27:
199-205.

Boto, K.G and J.T. Wellington. 1983. Nitrogen and phosphorus
nutritional status of a Northern Australian mangrove forest.
Marine Ecological Progress Series, 11: 63-69.

Brady, N.C and R.R. Well. 1999. The Nature and Properties of
Soils. Prentice-Hall Inc., New Jersey, USA.

Brown, S.L., JS. Chaney and AJ.M. Baker. 1994
Phytoremediation potential of Thlaspi caerulescens and
Bladder campion for zinc and cadmium contaminated soil.
Journal of Environmental Quality, 23: 1151-1157.

Chaney, R.S., M. Malik, M.Y. Li., S.L. Brown, E.P. Brewer and
J.S. Angle. 1997. Phytoremediation of soil metals. Current
Opinion in Biotechnology, 8: 279-84.

Chapin, F.S. 1980. The mineral nutrition of wild plants, Annual
Review of Ecology and Systematics, 11: 233-260.

Coston, J.A., C.C. Fuller and J.A. Davis. 1995. Pb2q and Zn2q
adsorption by a natural aluminum-and iron-bearing surface
coating on an aquifer sand. Geochim. Cosmochim. Acta,
59: 3535-3547.

Duncan, D.B. 1955. Multiple range and multiple F-test.
Biometrics, 11: 1-42.

Elliott, H.A. and B.A. Dempsey. 1990. Land application of
water treatment sludge: impact and management. Final
report. Denver CO, AWWA Research Foundation. 100 pp.

Grime, J.P. 1979. Plant Strategies and Vegetation Processes.
John Wiley & Sons, Chichester, England.

Helios-Rybicka, E. and U. Forstner. 1986. Effect of oxyhydrate
coatings on the binding energy of metals by clay minerals.
In: Sly, P.G. ZEd.., Sediments and Water Interactions.
Springer, Berlin, 381-385.

Honeyman, B.D. and P.H. Santschi. 1988. Metals in aquatic
systems: Environmental Science and Technology, 22: 863-871.

Ismail, S. 2002. Assessment of heavy metal pollution in
mangrove habitat of Karachi and vicinity. Ph.D Thesis
University of Karachi.

Kathiresan, K. and B.L. Bingham. 2001. Biology of mangroves
and mangrove ecosystems. Advances in Marine Biology,
40: 81-251.

Khan, M.A., S.S. Shaukat, I. Hashmi and M.A. Khan. 1999. A
quantitative study of pollution profile of Karachi coast.
165-118. In: Proceeding of the Seventh Statistics Seminar,
1999. Department of Statistics, University of Karachi,
Karachi-75270, Pakistan.

Lacerda, L.D. 1997. Trace metals in mangrove plants: which
show high concentrations? In Mangrove Ecosystem studies

M.U. KHAN ET AL.,

in Latin America and Africa. (Eds.): B. Kjerfive, L.D.
Lacerda & E.S. Drop. 171-178, UNESCO, Paris.

Lacerda, L.D. 1998. Trace metals biogeochemistry and diffuse
pollution in mangrove ecosystems ISME mangrove
ecosystems Occasional papers, 2: 1-61.

Lacerda, C.L.D., C.E.V. Carvatho, K.F. Tanizaki, A.R.C. Ovalle
and C.E. Rezende. 1993. The biogeochemistry and trace
metals distribution of Mangrove Rhizosphores. Biotropica,
25: 251-256.

Lane, S.D. and E.S. Martin. 1977. A histochemical investigation
of lead uptake in Raphanus sativus. New Phytologist, 79
(2): 281-286.

Lee, K.C., B.A. Cunningham, G.M. Paulsen, G.H. Liang and
R.B. Moore. 1976. Effects of cadmium on respiration rate
and activities of several enzymes in soyabean seedlings.
Physiology of Plant, 36: 4-6.

Lovelock, C.E., I.C. Feller.,, J. Ellis, N. Hancock and A.M.
Schwarz. 2007. Mangrove growth in New Zealand estuaries:
The role of nutrient enrichment at sites with contrasting rates
of sedimentation. Oecologia, 153: 633-641.

Ma, L.Q., K M. Komar, C. Tu, W. Zhang, Y. Cai and E.D.
Kennelley. 2001. A fern that hyperaccumulates arsenic.
Nature, 409: 579-579.

MacFarlane, G.R., C.E. Koller and S.P. Blomberg. 2007.
Accumulation and partitioning of heavy metals in
mangroves. A  synthesis of field-based studies.
Chemosphere, 69: 1454-1464.

Mackey, A.P., M. Hodgkionson and R. Nardella. 1992. Nutrient
levels and heavy metals in mangrove sediments from the
Brisbane River, Australia. Marine Pollution Bulletin, 24(8):
418-420.

Meagher, R.B., C.L. Rugh, M.K. Kandasamy, G. Gragson and
N.J. Wang. 2000. Engineered phytoremediation of mercury
pollution in soil and water using bacterial genes. In: (Eds.):
N. Terry, G. Bafiuelos. Phytoremediation of Contaminated
Soil and Water. Lewis Publishers, Boca Raton, FL. 201-
219.

Mirza, M.l., M.Z. Hasan, S. Akhtar and J. Ali. 1982.
Identification and area estimation of mangrove vegetation
in Indus Delta using Land sat Data. In mangroves of
Pakistan, proceeding of national workshop on mangroves
held at Karachi 8-10 of August 1983, PARC. Islamabad,
19-21.

Nazim, K. 2011. Population dynamics of mangrove forest from
coastal areas of Sindh. submitted Ph.D Thesis, 1-300.

Nazim, K., M. Ahmed, M.U. Khan, N. Khan, M. Wahab and
M.F. Siddiqui. 2010. An assessment of the use of Avicennia
marina Forsk Vierh. To reclaim water logged and saline
agricultural land. Pakistan Journal of Botany, 42(4): 2423-
2428.

Ong Che, R.G. 1999. Concentration of seven heavy metals in
sediment and mangrove root samples from Mai Po, Hong
Kong. Marine Pollution Bulletin, 39: 269-79.

Onuf, C.P,, J.M. Teal and I. Valiela. 1977. Interactions of
nutrients, plant growth and herbivore in a mangrove
ecosystem. Ecology, 58: 514-26.

Rao, C.K., S. Chinnaraj, S.N. Inamdar and A.G. Untawale.
1991. Arsenic content in certain marine brown algae and
mangroves from Goa coast, India. Journal of Marine
Science, (20): 283-285.

Rivail, D.M., M. Lamotte, O.F.X. Donard, S.E.J. Soriano and
M. Robert. 1996. Metal contamination is surface sediments
of mangroves lagoons and southern Bay in Florianopolis
Island. Environmental Technology, 17(10): 1035-1046.

Saenger, P., D. McConchie and M. Clark. 1990. Mangrove
forests as buffer zone between anthropogenically polluted
areas and the sea. In: (Ed.): P. Saenger. Proceedings 1990
CZM Workshop. Yeppoon, Qld. 280-297.



PHYTOREMEDIATION POTENTIAL OF AVICENNIA MARINA

Saifullah, S.M. 1997. Management of the Indus Delta
Mangroves. In: Coastal Zone Management Imperative for
Maritime Developing Nations, (Eds.): B.U. Hag, S.M. Haq,
G. Kullenberg and J.H. Stel. Kluwer Academic Publishing,
Amsterdam (Netherlands), 333-347.

Saleem, M and G.H. Kazi 1998. Concentration and Distribution
of heavy metals Lead, Cadmium, Chromium, Copper,
Nickel and Zinc in Karachi shore and offshore sediments.
Pakistan journal of Marine Sciences, 7(1): 71-79.

Shete, A., V.R. Gunale and G.G. Pandit. 2007. Bioaccumulation
of Zn and Pb in Avicennia marina (Forsk.) Vierh. and
Sonneratiaapetala Buch. Ham. from Urban Areas of
Mumbai (Bombay), India. Journal of Applied Sciences &
Environmental Management, 11(3): 109-112.

Silva, C.AR., L.D. Lacerda., C.E. Rezender and A.R.C. Ovalle.
1990. Heavy metals reservoirs in a red mangrove forest.
Biotropica, 22: 339-345.

Steel, R.G.D. and J.H. Torrie. 1984. Principles and procedures
of Statistics. McGraw Hill Book Co. Inc., Singapore, 172-
178.

Stigliani, W.M. 1995. Global Perspectives and risks assessment.
In: (Eds.): W. Salmceus and W.M. Stigliani. “Springler
verlag-Berlin, pp. 331-334.

Subramanian, A.N. 1982. Some aspects of cycling of Iron,
Manganes, Copper, Zinc and Phosporus in Pichavaram
mangrove, Ph.D., Thesis Anamalai University, India, p.
252.

Tam, N.F.Y and M.W.Y. Yao. 1998. Normalization and heavy
metal contamination in mangrove sediments. Science of the
Total Environment, 216(102): 33-39.

Tam, N.F.Y. and Y.S. Wong. 1995. Spatial and temporal
variations of heavy metal contamination in sediments of
mangrove swamp in Hong Kong, Marine Pollution
Bulletin, 31(4-12): 254-261.

27

Thomas, C. and O.J. Eong. 1984. Effects of the heavy metals Zn
and Pb on R. mucronata and A. alba seedlings. In:
Proceedings of the Asian Symposium on Mangroves and
Environment; Research and Management. (Eds.): E/
Soepadmo, A.M. Rao, M.D. Maclntosh. ISME, Malaysia,
568-574.

Tilman, D. 1987. Secondary succession and the pattern of plant
dominance along experimental nitrogen gradients.
Ecological Monogr, 57: 189-214.

Wang, L.K. and H.S.W. Mu. 1992. Hand book of industrial
waste treatment. Printed in Madison Avenue, New York,
USA.

Warren, L.A. and A.P. Zimmerman. 1994. The importance of
surface area in metal sorption by oxides and organic matter
in a heterogeneous natural sediment. Journal of Applied
Geochemistry, 9: 245-254.

Wei, T.B., Chen and Z.C. Huang. 2002. Cretan bake (Pteris
cretica): an Arsenic accumulating plant. Acta Ecologica
Sinica, 22: 777-782.

Whitney, P.R. 1975. Relationship of manganese—iron oxides and
associated heavy metals to grain size in stream sediments.
Journal of Geochemical Exploration, 4: 251-263.

Yoon, J., X. Cao and Q.L. Zhou. 2006. Accumulation of Pb, Cu
and Zn in native plants growing on a contaminated Florida
site. Science of the Total Environment, 368: 456-464.

Zar, J.H. 1999, Biostatistician Analysis, 4" ed. Prentice Hall,
New Jersey.

Zheng, S., D. Zheng, B. Lio and Y. Li. 1997. Tide Land
pollution in Guangdong province of China and mangrove
afforestation. Forest Research, 10(6): 639-646.

Zu, Y.Q., Y. Li, JJ. Chen, H.Y. Chen, L. Qin and C. Schvartz.
2005. Hyperaccumulation of Pb, Zn and Cd in herbaceous
grown on lead-zinc mining area in Yunnan, China:
Environment International, 31: 755-762.

(Received for publication 10 August 2011)



