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Bioremediation of lead polluted soil from Obio/
Akpor local Government Area, rivers state using
African Catfish and tilapia fish bones

Abstract

A study was undertaken to compare the bones of two fin fish-African Catfish (Clarias
gariepinus) and Tilapia (Oreochromis niloticus), in the bioremediation of lead polluted soils.
Six soil samples containing different sources of lead were collected from Obio-Akpor LGA,
Rivers State. African catfish and Tilapia fishes were sourced from the market; the bones
were extracted and dried (using a hot oven). The bones were then crushed with a blender,
and weighed using analytical measuring scale. The crushed bones were mixed with lead
polluted soil samples and left in the laboratory, in cool transparent plates for 3 weeks and 3
days for group one samples, while group two samples were left in the laboratory for 1 week
and 3 days. The results revealed that for group one samples; Acid battery soil mixed with
Catfish bones reduced the lead concentration from 3122.30mg/kg to 2574.50mg/kg. Lead
battery soil mixed with Tilapia bones reduced the lead concentration from 6718.15mg/kg
to 1184.15mg/kg, while Lead metal soil mixed with both Catfish+Tilapia bones increased
the lead concentration from 8807.65mg/kg to 11874.50mg/kg. For group two samples; Acid
battery soil mixed with both Catfish+Tilapia bones reduced the lead concentration from
3706.75mg/kg to 3144.45mg/kg. Lead metal soil mixed with Catfish bone reduced the lead
concentration from 15940.50mg/kg to 3903.90mg/kg, while Lead battery soil mixed with
Tilapia bones increased the lead concentration from 6439.20mg/kg to 11671.50mg/kg. The
study revealed that Catfish bones, at different weights can be used in the bioremediation of
lead polluted soils and the reduction was higher, than using Tilapia or the combination of
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Introduction

Lead exposure is a global issue since lead mining and smelting,
and battery manufacturing, disposal and recycling are common in
many countries.! Lead enters the body through inhalation, ingestion
or skin absorption.? Almost all inhaled lead is absorbed into the body.
For ingestion, the rate is 20-70% with children absorbing a higher
percentage than adults. For ingestion poisoning typically results from
ingestion of food or water contaminated with lead or less commonly
after accidental ingestion of contaminated soil, dust or lead based
paint. Sea water product can contain lead if affected by nearby
industrial waters. Fruits and vegetable can be contaminated by high
level of lead in the soils they are grown.?

Lead can accumulate in the soil, especially those with a high
organic content, where it remains for hundreds to thousands of years.*
Environmental lead can compete with other metals found in and
on plant surfaces potentially inhibiting photosynthesis and at high
enough concentration negatively affecting plant growth and survival.
Contamination of soils and plant can allow lead to ascend the food
chain affecting micro-organism, animals and humans.®* Much of
the lead dispersed by man is eventually washed into natural waters
and is presumably precipitated into the sediments. The methylation
of mercury and arsenic by microorganisms in the environment has

been documented and well summarized. Nothing, however, has been
known about the existence of organic forms of lead in the environment
as a result of biotransformation.®

Fish bones are largely known to be made of calcium and phosphate
mineral apatite, which helps to immobilize other potentially toxic
metals such as copper, zinc, and lead. The phosphate contained in the
bones of fishes does not run off the soil, thereby making it possible
for the phosphate to readily combine with these heavy metals. When
combined, it forms a Pyromorphite; a stable crystalline mineral which
is not toxic. The chemical composition of most fish bones varies
significantly. Due to this mineral content, it has been cited that fish
bones are well suitable as a natural calcium source. More importantly,
it is the grinding up of fish bones and mixing them into the soil but
it is not so much the bones themselves that make the difference as
the calcium phosphate that they contain. The study therefore is aimed
to exploit crushed fish bone in the extraction/bioremediation of lead
polluted soil.

Materials and methods
Sample collection/experimental design

Six different samples were collected from a mechanic workshop in
Obio/Akpor LGA, Rivers State. The first set of the soil samples were
collected from a mechanic workshop located at A.P filling station
Abuja park main gate, along the East West road, University of Port
Harcourt in Obio/Akpor LGA (4° 53! 40, 9” N, 6° 54! 48.2” E).
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The second set of the soil samples were collected at another
mechanic workshop located at first mechanic Alakahia, along the
East West Road in Obio/Akpor LGA(4° 53' 20.2” N, 6° 55' 18.5”
E). The soil samples were collected using a black polythene bag and
were later transferred into transparent plastic plates with covers.
The samples were grouped into two. Group one includes the first set
samples that were collected, which were divided in to three plastic
plates. Plate 1(lead battery soil), Plate 2(lead metal soil) and Plate
3(acid battery soil) all weighed 0.41kg. Group two includes the
second set of samples that were collected, which were also divided
in to three plates, making a total of six (6) plastic plates with 6 soil
samples.Plate 1(lead battery soil) weighed 0.15kg, Plate 2(lead metal
soil) weighed 0.34kg and Plate 3(acid battery soil) weighed 0.35kg.
The fishes (Tilapia and Catfish) were bought from slaughter market
located at Rumuomasi, Port Harcourt, Rivers State. For group one fish
bones, Catfish bones weighed 100g, Tilapia bones weighed 100g and
Catfish+Tilapia bones also weighed 100g. For group two fish bones,
Catfish bones weighed 719.20g; Tilapia bones weighed 310.20g while
Catfish+Tilapia bones weighed 617.30g. Using the randomized block
design, a comparative analysis was carried out in the bioremediation
of lead polluted soil samples.

Physiochemical parameters of the soil

Soil sample sizes: The first set of the soil Sample was divided into
3 plates. Plate 1 contained soil sample from the mechanic workshop
where lead battery were worked on. This plate is also known as Lead
Battery Soil (LBS). This was weighed with a weighing balance.

Plate 2 from the first set, contained soil sample which was mixed
with lead metal. This plate is also known as (LMS). Plate 3 contained
soil sample that was mixed with acidic water from lead. This plate is
also known as (ABS) or Acid Battery Soil.

The second set of the sample were divided into 3 new plates. Plate
1 also contained lead battery from where lead battery where worked
on, and analytical scale was used. Plate 2 which is known as the LMS
(Lead Metal Soil) was weighed giving a scale of 335.03g. Plate 3
(ABS) was weighed giving a scale of 345.46g

Heavy metal content

The first set of soil samples were tested in the laboratory for Lead
ion using the following procedure:

The sample was washed in a muffle furnace at a temperature of
630°Cfor 3hours. The ash sample was dissolved in 10ml concentrated
Hydrochloric Acid and was heated on an electro-thermal heater hot
plate. The solution of the ash was diluted to 50ml with distilled
water. The solution was analyzed for metal ion by Atomic Absorption
Spectrophotometer.

Leadion was analyzed by an Atomic Absorption Spectrophotometer
at 283.3mm wave length. The wavelength was selected with a
narrow slit with arc and acetylene gas flow was adjusted. Other
setting as recommended for the instrument employed was attended
to and regulated hallow cathode amp was given adequate time to
stabilize before aspirating standards for equipment calibration.
After calibrating the equipment with standards lead concentration,
the aspiration tubing and system were flushed with distilled water
severally before aspirating the test sample solution on the sample
experimental condition used for the standard. The concentration of
the lead ion in the sample was extrapolated from the standard. Graph
of lead ion plotted in the concentration was expressed in ppm from
the equipment and corrections were made necessary in unit of choice.
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Fish bone utilization/preparation: Fresh Catfish and Tilapia fishes
were bought from the market. The bones of these fishes were extracted
and put in an oven, drying at more than 60°Cfor 30mins. After the
drying, the bones were crushed by grinding them in a blender. The
crushed bones were later weighed and weights were recorded.

Fish bone and soil amalgamate

The crushed fish bones were mixed with their respective soil
samples. The first set of soil sample and respective fish bone mixtures
include:

A. GROUP 1:
i. Plate 1 (LBS) was mixed with Tilapia fish bone
ii. Plate 2 (LMS) was mixed with Catfish and Tilapia bone
iii. Plate 3 (ABS) was mixed with Catfish bone.
B. GROUP2:
i. Plate 1 (LBS) was mixed with Tilapia fish bone
ii. Plate 2 (LMS) was mixed with cat fish bone
iii. Plate 3 (ABS) was mixed with Catfish and Tilapia bone.
Time Duration

a. The first group of fish bone and lead soil were amalgamated and
were left in a cool dry place away from sunlight.

b. The time duration given for the process of amalgamation was 3
weeks and 3 days (24 days).

c. The second group of fish bone and lead soil were also
amalgamated and kept in a cool dry place away from sunlight.

d. The time duration given for the process was 1 week and 3 days
(10 days). Although the second set of sample were prepared with
lead and were left 2 weeks longer before they were amalgamated
with the fish bones.

Fish bone weights

Both groups one and group two fish bones were extracted and
steamed in an oven. After steaming, the fish bones were grinded using
an electric grinder. the fish were grinded with a blender and weighed
in the laboratory.

Results

Soil sample sizes

The soil sample sizes were weighed using different scale
measurements. The weight of the different soil sample for the different
groups as shown in Table 1 indicates the sample sizes of the lead
polluted soils in group 1. The lead battery soil weighed 0.41kg upon
measurement. The lead metal soil weighed 0.41kg upon measurement
and the acid battery soil also weighed 0.41kg upon measurement.

Table | Sample sizes of the lead polluted soils in Group |

S/N  Soil type Weight of soil (kg)
| Plate | (Lead Battery Soil) 0.41kgw

2 Plate 2 (Lead Metal Soil) 0.41kg

3 Plate 3 (Acid Battery Soil) 0.41kg
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Table 2 indicates the sample size of the lead polluted soils collected
for group 2. The lead battery soil weighed 0.15kg; the lead metal soil
weighed 0.34kg while the acid battery soil weighed 0.35kg.

Table 2 Sample size of the lead polluted soils collected for Group 2

S/N  Soil type Weight of soil (kg)
| Plate | (Lead Battery Soil) 0.15kg
2 Plate 2 (Lead Metal Soil) 0.34kg
3 Plate 3 (Acid Battery Soil) 0.35kg

Heavy metal content analysis

Before bone mixture, group one and group two soil samples
contained different quantity of lead upon analysis.

The Table 3 shows the concentration of lead in the soil samples for
group | before bioremediation. Acid battery soil weighed 3122.30mg/
kg, lead battery soil weighed 6718.15mg/kg, while lead metal soil
weigh 8807.65mg/kg.

Table 3 Lead (Pb) concentration in Group |

S/N  Sample identity Pb (mg/kg)
| Acid Battery soil 31223

2 Lead Battery soil 6718.15

3 Lead Metal soil 8807.65

The result on Table 4 shows the concentration of lead in the soil
samples for group 2 before bioremediation with fish bone. Acid battery
soil weighed 3706.75mg/kg, Lead battery soil weighed 6439.20mg/kg
while Lead metal soil weighed 15940. 50mg/kg.

Table 4 Lead (Pb) concentration in Group 2

S/N  Sample identity Pb (mg/kg)
| Acid Battery soil 3706.75

2 Lead Battery soil 6439.2

3 Lead Metal soil 15940.5

Fish bone weights

The result on Table 5 shows the weight of fish bones used in group
1. Catfish bones weighed 100g, tilapia bones weighed 100g, while the
combination of both catfish + tilapia bones weighed 100g.

Table 5 Weight of fish bones for Group |

S/IN  Type of fish Weight of fish bone
| Catfish 100g
2 Tilapia 100g
3 Catfish + Tilapia 100g

Table 6 shows the weight of fish bones used in group 2. Catfish
bones weighed 719.20g, tilapia weighed 310.20g, while the
combination of both catfish + tilapia bones weighed 617.30g.
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Table 6 Weight of fish bone for group two

S/IN  Type of fish Weight of fish bone
| Catfish 719.20g
2 Tilapia 310.20g
3 Catfish + Tilapia 617.30g

Physical parameters of the soil

The amalgamate of fish bone and soil samples, having been left
for some weeks developed some changes which as discussed below:

Dryness: there was an ashen dryness to the soil. This was observed
a few weeks after the crushed fish bones were left with the lead soil
samples. The Acid Battery soil plates were particularly dry and it was
observed that the mixture that was seen due to the mixture of acidic
water with the soil was no longer seen.

Growth of Mold: This growth was seen in some of the fish bone
residues that did not amalgamate properly with the soil.

Table 7 shows the concentration of lead in the soil samples for
group 1 after bioremediation. Lead metal soil weighed 1187.50mg/
kg, Lead battery soil weighed 1184.15mg/kg and Acid battery soil
weighed 2574.50mg/kg.

Table 7 Heavy metal concentration after bone mixture for Group |

S/N  Sample identity Pb (mglkg)
| Lead Metal soil 1187.5

2 Lead Battery soil 1184.15

3 Acid Battery soil 2574.5

Table 8 shows the concentration of lead in the soil sample for
group 1 after bioremediation. Lead metal soil weighed 3903.90mg/
kg, Lead battery soil weighed 11671.50mg/kg and Acid battery soil
weighed 3144.45mg/kg.

Table 8 Heavy metal concentration after bone mixture for Group 2

S/N  Sample identity Pb (mgl/kg)
I Lead Metal soil 3903.9

2 Lead Battery soil 11671.5

3 Acid Battery soil 3144.45

Table 9 shows the concentration of lead in soil sample before
and after the bioremediation with fish boxes. Acid battery soil with
catfish bone reduced in lead concentration from 3122.30mg/kg to
2574.50mg/kg, Lead battery soil with tilapia bone reduced the lead
concentration from 6718.15mg/kg to 1184.15mg/kg and Lead metal
soil with catfish + tilapia bone increased the lead concentration from
8807.6 to 11874.50mg/kg

Table 9 shows the concentration of lead in soil sample before
and after the bioremediation with fish boxes. Acid battery soil with
Catfish+Tilapia bones reduced in lead bio-concentration from
3706.75mg/kg to 3144.45mg/kg, Lead battery soil with tilapia bone
increased the lead concentration from 6439.20mg/kg to 11671.50mg/
kg and Lead metal soil with catfish bone reduced the lead concentration
from 15940.50 to 3903.90mg/kg.

From Group 1 samples; Tilapia bone was able to bioremediate
lead battery from 6718.15mg/kg to 1184.15mg/kg in 3 weeks. Catfish
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bone was able to bioremediate acid battery soil from 3122.30mg/kg
to 2574.50mg/kg in 3weeks.Tilapia and catfish bone increased the
concentration of lead metal soil from 8807.65mg/kg to 11874.50mg/
kg in 3 weeks. From Table 9, only lead metal sample increased in lead
concentration. The two other plates (lead battery and acid battery)
decreased in lead concentration from previous chapters, it can be seen
that the Acid battery sample was bioremediated with catfish bone.
Lead battery sample was mixed with Tilapia fish bone while lead
metal sample was mixed with both catfish and Tilapia bone.

Table 9 Heavy metal concentration before and after bone mixture for Group |
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From Group 2 samples; Tilapia fish bone increased the
concentration of lead battery soil from 6439.20mg/kg to 11671.50mg/
kg in 1 week. Catfish bone was able to bioremediate lead metal
soil from 15940.50mg/kg to 3903.90 mg/kg under 1 week. Tilapia
and Catfish bone was able to bioremediate Acid battery soil from
3706.75mg/kg to 3114.45mg/kg inl week. From Table 10, acid
battery sample which was mixed with both catfish and Tilapia fish
bone reduced in lead concentration. Lead battery which was mixed
with Tilapia bone increased in concentration of lead metal which was
mixed with only Catfish bone reduced in lead concentration.

Lead concentration before

Lead concentration after

/N Sample identity Bone bioremediation bioremediation
| Acid Battery Catfish 3122.30mg/kg 2574.50 mg/kg
2 Lead Battery Tilapia 6718.15mg/kg 1184.15 mg/kg
3 Lead Metal Catfish+Tilapia 8807.65mg/kg 11874.50mg/kg

Table 10 Heavy metal concentration before and after bone mixture for Group 2

Lead concentration before

Lead concentration after

S/N Sample identity Bone bioremediation bioremediation
| Acid Battery Catfish+Tilapia 3706.75 mg/kg 3144.45 mg/kg
2 Lead Battery Tilapia 6439.20 mg/kg 11671.50mg/kg
3 Lead Metal Catfish 15940.50 mg/kg 3903.90 mg/kg
Discussion bioremediate.
Fish bones are made of the phosphate mineral apatite, which Conclusion

readily combines with lead to form pyromorphite, a stable crystalline
mineral that can’t be absorbed by the human digestive system’®
Crushed fish bones are the surprising solution for lead contaminated
soil. The importance of bone meal has been reported (The Columbia
Encyclopaedia, Sixth Edition, 2001) as an organic fertilizer source
due to its readily available phosphate and nitrogen (about 23-30%
available phosphate and 2-4% nitrogen) content. In addition, bone
meal has been used as a feed supplement to farm animals to provide
crucial mineral food constituents (i.e., calcium and phosphorus).
According to a report by Suzanne,’ fish bones were used to get lead
out of soil in West Oakland. Rows of bulging white one-ton sacks of
ground fish bone from Alaska were lined up inside a shed in South
Prescott neighbourhood. In the coming months, workers tilled the
bones into lead-contaminated soil, where it binded with the toxic
metal as it decayed creating a tiny, harmless crystal. In situ and
laboratory tests have also shown that phosphates in fish bones can
immobilize other potentially toxic metals. In one of these studies, lead
concentrations in soil leachate treated with fish bones dropped from
0.28mg/L to 0.00065mg/L within weeks.

Valsami- Jones et al.!® noted similarities between some synthetic
apatites and bone meal. They suggested that poorly crystalline apatites
such as those found in crush bone (bone meal) could therefore provide
a cost-effective, natural-phosphate source for remediation of soils
contaminated with certain metals. In most of the experiments related
to remediation of metal contaminated soils, application of bone meal
was found to be a suitable source of phosphate for such remediation.!

From the result of this study, the fish bone and soil amalgamate
gave different results either depending on the different lead sample,
the type of fish bone, or the time duration each group was given to

The study has shown clearly, that catfish bones can be used to
bioremediate lead polluted soils. This means that the lead percentage
can be at any rates and the types of lead soil may vary, under different
time duration, but the weight of the catfish bone either at 100g or 300g
will be able to bioremediate the soil.

Therefore, the use of fish bone turning from waste to wealth or
reducing health risk in our environment is hereby advocated.
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