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Abstract

Wastewater samples were collected from the Hadhramout Governorate/Yemen. Ten wastewater samples were collected from
the biggest three fish canning factories in Hadhramout Governorate/Yemen (Tuna for Canning Packing Fishing Factory, AL
Mukalla fish canning factory and Sabaa fishing factory). During this study, special precautions were taken to avoid samples
contamination during collection, transportation, and preservation and laboratory analyses. The three bacteria isolates
(Pseudomonas sp. Y1, Pseudomonas sp. Y2, Hafnia sp. Y) from wastewater fish canning showed a good results in pollutants
removal as compared to the 45 isolated species bacteria.

Results of the present study proved the biotechnological importance and advantages of using the tested bacteria for wastewater
treatment where promising removal of the investigated contaminants were achieved in a short time. For organic matter
removal, the highest achieved 00OM, BOD5 and COD RE recorded 79, 74 and 73% achieved by ponds, respectively. For oil and
grease the highest achieved FOG RE recorded 87% and was achieved by ponds.

Removal of wastewater pollutants, where the results showed laboratory based on the concentration of pollutants before and
after the treatment occurs, the removal of organic matter (00M, BOD, and COD), oil and grease at rates of 70%, 60%, 50% and
85% respectively by treatment ponds. Pond, which was shown to have high potential for use in wastewater treatment, was
tested for its ability to treat the wastewater sample. It was found that waste decomposition by natural microorganisms already
present in the wastewater.

Finally, our study indicates that strains of Pseudomonas and Hafnia alvei isolated from wastewater samples of fish canning
industry of Hadramout, Yemen and ponds method were able to be the pollutants that these strains could be efficient pollutants
removal.
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Introduction

The world seafood industry plays a significant role in
the economic and social wellbeing of nations, as well as in
the feeding of a significant part of the world’s population.
The fisheries sector is an important source of employment
and income generation for coastal communities in many
Arab countries, whether directly engaged in the industry or
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in associated activities at the input or the output stages of
production. The coastal water of Yemen is characterized by
its high primary and secondary productivity making ita basic
feeding and nursery ground for marine species. The fisheries
sector represent the most important non- oil production in
Yemen through its five distinct fishing regions, its coastline of
2,230 km and fishing area of more than 40,000 km2, total fish
landings exceeded 260,000 tons in 2005. Almost 30% of this
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quantity was mainly to Arab, Asian and European countries,
while the remaining 70% were consumed locally [1].

Many people in the region depend on maritime activities
and seafood products. The majority of the communities are
engaged in fishery sector activities such as fish processing,
canning, and trading. The region is relatively enriched
with commercial living marine resources. Specifically,
Hadhramout is considered as an industrial and commercial
center for fishes. Accordingly, the food security at the region
depends highly on maritime products. Consequently, any
severe contamination, either caused by industrial activities,
would have direct or indirect negative impact on the sea life,
marine environment and territorial seawater of the region

[2].

In general, seafood-processing industries use high
volume of water for processing activities, for reasons of
hygiene; however, most of factories are located near river
or the sea. Some factories do not have any wastewater
treatment facilities and discharge wastewater directly into
the environment [3]. There are large quantities of waste
generated during the process, which may lead to environment
problem [4].

Untreated wastewater generally contains high levels of
organic material, numerous pathogenic microorganisms,
as well as nutrients and toxic compounds. It thus entails
environmental and health hazards and, consequently, must
immediately be conveyed away from its generation sources
and treated appropriately before final disposal. The ultimate
goal of wastewater management is the protection of the
environment in a manner commensurate with public health
and socio-economic concerns [5]. The effluent streams
are discharged without treatment into water bodies; the
pollutants they contain can cause eutrophication and oxygen
depletion. In addition, fish processing industries have been
known to pollute nearby beaches and shores by releasing
wastewater containing oils. Since oil floats on water, it can
end up on the surrounding coastline.

Materials and Methods
Study Area

The study area is located in Hadhramout Governorate
and includes three fish canning factories namely. Al Mukalla
fish canning factory, Sabaa fishing factory and tuna for
canning packing fishing factory Figure 1. Al Mukalla fish
canning factory is located on the southern shores of Yemen
on the Arabian Sea Coast between latitude 14.5°N and 15°N
and longitude 49°E and 50°E. Sabaa Fishing factory is located
in the west (15° 23 355" N and 48° 59 537"E). Tuna for
canning packing fishing factory is located in (14235’ N and
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49015’ E).

The canning factories are located adjacent to the
shoreline, with the exception of one factory that is a few
hundred meters off the coast and consequently has difficulty
in discharging the liquid waste to the sea due to the pipe
length. The factories use some plant oils in the canning
processes. Some of these oils dropped from canning lines to
the ground that is washed with water and detergents. This
in turn, accounts, along with the municipal wastewater of
the factories, a large amount of liquid effluent reaching 10
cubic meters per day. All this effluent is discharged to the
sea immediately, after passing through filtration clasps (or
what is called traps for sticking or solid substances), through
pipelines, without any treatment.

The factories produce monthly about 7 tons of organic
solid waste as a result of the canning processes. These wastes
are dumped into the sea, either directly or through wadis
run-off. About 90% of the wastes are the remaining parts
of the fishes processed and 10 % are materials not suitable
for cooking or crushing. The waste and the garbage of the
factories are often collected to be thrown away, along with
the garbage of the city, in the nearby wadi beds without any
treatment process. They ultimately reach the coast during
rainy seasons. Otherwise, they were directly disposed of into
the sea (this is what takes place usually).

( N\

=nGoogle

Figure 1: Image Satellite of Tuna for Canning packing
Fishing Factory (1), Al Mukalla Fish Canning Factory (2)
and Sabaa Fish Canning Factory (3).

o

Sample Collection and Analysis

Ten Wastewater samples were collected from the biggest
three fish - canning factories in Hadhramout Governorate/
Yemen (Al Mukalla fish canning factory, Sabaa fishing factory
and Tuna for Canning Packing Fishing Factory) The samples
were transported in cool boxes to the laboratory for analysis.

Isolation of microorganisms

The microorganisms used in this study were isolated
from wastewater sample collected from fish canning industry,
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Hadhramout Governorate/Yemen using the enrichment
technique in LB medium (g/1): peptone, 10; yeast extract, 5;
NaCl, 5) [6]. Typically, one ml of the wastewater was cultured
in 250 ml, incubated at 37°C in shaking incubator. Streaking
purification technique was used to obtain clear separate
colonies. The selected colonies were subsequently preserved
in LB and keptin refrigerator at 4°C till further investigations.
Pure separate colonies were tested for wastewater treatment.

Bacterial isolates identification

Identification of the isolated bacteria was carried out by
two main procedures: staining and microscopic examination,
and by biochemical reaction.

e Methodology for identification of bacterial by

biochemical reaction
» PCR 16SrRNA and Electrophoresis

DNA extraction and PCR amplification of 156srDNA
region. DNA was isolated from the selected isolates
coded .oivveeirei e according to Sambrook, et al.
[7]. The 16srDNA was amplified by polymerase chain
reaction (PCR) using primers designed to amplify 1500 bp
fragment of the 16srDNA region. The forward primer was
5’AGAGTTTGATCMTGGCTCAG3’ and the reverse primer was
5'TACGGYTACCTTGTTACGACTT3". The PCR mixture consists
of 30picomoles of each primer, 10ng of chromosomal DNA,
200 pM dNTPs and 2.5 Units of Taq polymerase in 50 pl of
polymerase buffer. The PCR was carried out for 30 cycles in
94°C for 1 min, 55°C for 1 min and 72°C for 2 minutes. After
completion, a fraction of the PCR mixture was examined using
agarose gel electrophoresis [8] and the remnant was purified
using QIAquick PCR purification reagents (Qiagen). DNA
sequences were obtained using an 3130 X DNA Sequencer
(Genetic Analyzer, Applied Biosystems, Hitachi, Japan),
BigDye Terminator Cycle Sequencing (see details below). The
PCR product was sequenced using the same PCR primers.
Blast program was used to assess the DNA similarities and
multiple sequence alignment and molecular phylogeny were
performed using BioEdit software [9]. The phylogenetic tree
was displayed using the TREEVIEW program [10].

» DNA Sequencing

Automated DNA sequencing based on enzymatic chain
terminator technique, developed by Sanger, et al. [11] was
done using 3130 X DNA Sequencer (Genetic Analyzer,
Applied Biosystems, Hitachi, Japan). The sequencing
reaction was performed with four different fluorescent
labels identifying the ddNTPs, instead of the radioactive
labels. These flurophores were excited with two argon lasers
at 488 and 514 nm, respectively when the respective bands
passed the lasers during the electrophoresis. The specific
emissions were detected and the data were collected for

Mol-Aldwila N. Waste Management of Seafood Processing Effluents, Hadhramout

Governorate, Yemen. Adv Clin Toxicol 2020, 5(4): 000202.

Advances in Clinical Toxicology

analysis [12,13]. The thermal cycling mixture was as follows:
8 ul of BigDye terminator mix, 6 ul of the sequencing primer
(10 pmol) and 6 pl of the sample (PCR product or plasmid),
then the reaction was run in the thermal cycler. The cyclic
reaction composed of 1 min at 95°C, then 49 cycles of 30 sec
at 95°C, 10 sec at 52°C and 4min at 60°C. The products were
purified using special column according to the instruction
of the manufacturer. The elute were taken and add high dye
formamide with (1:1)/volume ratio, run at 95°C for 5 min for
denaturation, shock on ice, then the sample become ready for
sequencing in 3130 X DNA sequencer and analysis.

» Lab scale wastewater treatment

The aims of wastewater treatment are to convert the
waste matter present into stable oxidized end-products
which can be safely discharged to coastal waters without any
adverse ecological and public health effects.

» Wastewater treatment by bacteria in shacked culture

Isolated bacterial strains were transferred into conical
flasks with containing wastewater (200 ml), incubated at
37°C in shaking incubator for 7 days. The optical density
(OD,;,n) @and pH of the culture fluids were monitored
at determined time intervals as biodegradation indices,
samples were centrifuge at 4000 for 15 min to separate the
bacterial cells from the liquid medium and supernatant was
used for the parameter determination.

» Wastewater treatment by bacteria in static oxidation

ponds

Oxidation pond model was designed a glass vessel from
volume of 2 L. (40 cm in length and 20 cm in width). The pond
were placed and operated on the roof of the laboratory. Two
ponds were used in this study. The first pond was field with
raw wastewater. The second pond was field with wastewater
and inculcated with the selected bacteria strain, both bond
were examined for all wastewater parameters after 7 days.
Parameters of wastewater before and after treatment
compare were examined for all wastewater parameters after
7 days. Parameters of wastewater before and after treatment
compare.

Results and Discussion
Organic Matter Removal

Biological treatment of wastewater significantly
removed for organic matter from wastewater [14]. During
the present study, the bacteria performed high efficiencies
as suspended growth application toward the removal of
both organic (OOM, BOD, COD) from fish canning industry
wastewater in a relatively short duration.
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Oxidizable organic matter: Removal of OOM from
the fish canning effluents using bacteria revealed the
following points

High RE% were obtained for OOM removal from Al-Rayan
effluents by ponds (1), considered as the most effective,
achieving the highest RE (70%) followed by ponds (2)
(68%), Hafnia alvei (48%), Pseudomonas putida (38
%), Pseudomona sp (33 %) and finally Pseudomona
sp + Pseudomonas putida (12%), The maximum OOM
RE% obtained for AL-Mukalla effluent by Pseudomona
sp (73%) and a minimum by Pseudomona sp +
Pseudomonas putida (28%). And Ponds (1) considered
the most effective for removing OOM from Sabaa
effluent achieving the maximum RE of 79% followed
by Pseudomona sp (78%), Pseudomonas putida (68%),
Pseudomona sp + Pseudomonas putida (50%), ponds
(2) (43%) and finally Hafnia alvei (35%).

High removal efficiently for OOM in Sabaa fish canning
wastewater. The OOM is significantly reduced removal in
7 dayswere 79 % by ponds (1). The degradation of organic
matter and their concentration during the bacterial
treatment of wastewater in ponds , which showed fast
/ drastic reduction in pollutants concentration during
the bacterial treatment process in terms of reduction in
peak area for ponds .

Lower removal efficiencies for OOM were 11.7 % by
Pseudomona sp + Pseudomonas putida in AL-Rayan
effluents, other strains might be needed to biodegrade
most of the wastewater and complement the activities of
the Pseudomoas strains.

Comparing organic matter removal by the bacteria from
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7 days were 74 % by ponds (1). These results suggest
that other minor members of the microbial community
caused their dominance, probably by converting the
complex contaminants into lower molecular compounds,
which can be assimilated by these microorganisms [15].
The reduction in BOD might be attributed to the bacterial
degradation of complex organic and inorganic pollutants
to meet the nutritional requirements.

Lower removal efficiencies for BOD were 47% by ponds
(2) in AL-Rayan effluents. The lower BOD removal
indicates that the biomass on the surface of the packing
in the column also plays a significant role in the overall
bio-oxidation of the organic material in the wastewater
during the treatment process. The organic material was
transferred from water to the biomass on the surface of
the packing where the biological oxidation occurred.

Despite the RE variations of BOD achieved by bacteria,
RC of the BOD in the fish canning wastewater reached
acceptable limits by bacteria after 7 days which is much
slightly higher than the guideline of the BOD indicating
that it require longer time to be compile with the law
(Figures 2-4).
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the three fish canning revealed very high efficiency for
all of them in the degradation of biodegradable organic

Figure 2: BOD (mg/L) in wastewater samples after
treatment from AL-Rayan wastewater compared with

matter which is stimulated by increasing the levels of the guideline.
pollutant in the wastewater. The organic matter removal b
proved that suspended microorganisms had significant .
contribution in degradation of organic matter. B Goideling EGL O Gaideline Glabal
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M after treatment PONDS(2)
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8 150
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ponds (2) (47 %).from AL-Rayan effluents, While BOD 07 — .
high removal (62, %) by ponds (1) followed by ponds EGL ‘ Global ‘ WBG | PONDS(1) ‘ PONDS(2)
(59 %) for AL-Mukalla effluents. BOD RE% recorded Guideline after treatment

74 by ponds (1) followed by ponds (2) (67%) in Sabaa

effluents. Figure 3: BOD (mg/L) in wastewater samples after

treatment from AL-Mukalla wastewater compared with
guideline.
o

2. High removal efficiently for BOD in Sabaa fish canning
wastewater. The BOD is significantly reduced removal in
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Figure 4: BOD (mg/L) in wastewater samples after
treatment by bacterial from Sabaa wastewater compared
with guideline.
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» Chemical oxygen demand: Removal of COD from
the fish canning effluents using bacteria revealed the
following points:

1. High RE% were obtained for COD removal form Al-Rayan
effluents by ponds (1) considered as the most effective,
achieving the highest RE (50%) followed by ponds (2).

2. (43%) While COD high removal (72%) by ponds (1)
followed by ponds (67%) in AL-Mukalla effluents. COD
RE% recorded 73% by ponds (1) followed by ponds (2)
(72%) in Sabaa effluents.

3. High removal efficiently for COD in Sabaa fish canning
wastewater. The COD is significantly reduced removal
in 7 days were 73 % by ponds (1). A high COD removal
efficiency is observed in the ponds1 for Sabaa than that
in AL-Rayan and AL-Mukalla. This can be attributed to
the presence of high Phosphate and nitrate and hence
favorable environment for bacterial growth in the
effluent from AL-Rayan and AL-Mukalla.

4. Lower removal efficiencies for COD were 43% by ponds
(2) in AL-Rayan effluents, Reduction in organic matter
removal efficiency was an indication of insufficient
elimination capacity because of limitation in oxygen
mass transfer and surface area for microorganisms [16].

5. The lowest residue concentration of by bacteria which
is the maximum acceptable limit stated by the law (EGL
and WBG) (Figures 5-7).
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Figure 5: COD (mg/L) in wastewater samples after
treatment by bacterial from AL-Rayan wastewater
compared with guideline.
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Figure 6: COD (mg/L) in wastewater samples after
treatment by bacterial from AL-Mukalla wastewater
compared with guideline.
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Figure 7: COD (mg/L) in wastewater samples after
treatment by bacterial from Sabaa wastewater compared

with guideline.
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0il and Grease Removal

Fat, oil and grease (FOG) are also important parameters
of fish processing wastewater. Around 60% of the oil and
grease originates from the butchering process [17]. The
rest of the oil and grease is generated during fish canning
and fish processing operations [18]. The FOG should be
removed from wastewater because it usually floats on the
water’s surface and affects the oxygen transfer to water. In
consistence with the present study, biological treatment of
oil waste significantly removed oil and grease [14]. Moreover,
in the present work, using bacteria was more effective in
reducing oil and grease, which was previously indicated by
other workers [19].

Removal of oil and grease from fish canning effluents
using bacteria revealed the following points:

1. High removal efficiently for Oil and Grease in all fish
canning wastewater. The Oil and Grease is significantly
reduced removal in 7 days were77- 87 % by ponds (1).
A pond, which was shown to have high potential for
use in wastewater treatment, was tested for its ability
to treat the wastewater sample. It was found that waste
decomposition by natural microorganisms already
present in the wastewater. Microbial oxidation is most
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rapid when the hydrocarbon molecule is in intimate
contact with water at temperatures ranging from 15 to
35°C, which means adequate mixing or dispersion of the
water and oil is necessary for effective degradation [20].
Where temperatures of ponds range from 28 to 30°C for
present study.

2. The lower degradation of oil in AL-Mukalla effluents
were 20.5% compared AL-Rayan and Sabaa could be
explained by the reduced unsaturated fatty acid content
relative to the other oils used in fish canning industry.
However, work by Tano-Debrah, et al. [20] indicated that
there was no relationship between the biodegradability
of the fat/ oil and the degree of saturation, suggesting
that other factors may be important. Another explanation
for the reduced degradation may therefore be that solid
fats are less likely to be as well dispersed in the media as
liquid oils [21].

3. The levels of oil degradation reported here are higher
than some other studies [21]. The used in previous work
of dichloromethane as an extraction solvent may explain
these differences, atleast in part, since it is more effective
at extracting slightly polar material such as fatty acids
than hexane which has been widely used in present
work, while the level of oil and grease degradation
reported here are similar some other studies [21].

4. Pseudomonas sp, Pseudomonas putide, Pseudomonas
sp+Pseudomonas putide, Hafnia alvei, ponds (1) and
ponds (2) could not bring the oil and grease level of
the guideline effluent In 7 treatment days for AL-Rayan
wastewater to better quality. They recorded 17.50, 20,
17.50, 20 15.97 and 21.97 respectively, and required
longer time.

5. Pseudomonas sp, Pseudomonas putide, ponds (1) and
ponds (2) efficiently brought OG below the guideline (10-
15mg/L) In 7 treatment days for AL-Mukalla wastewater
recording 10, 10, 6.65 and 13.30 mg/L, respectively,
which considered very good quality. on the other hand ,
Pseudomonas sp + Pseudomonas putide and Hafnia alvei
could reduce the oil and grease levels from 25.80 to 20
mg/L and 25.80 to 20.50 mg/L. respectively which are
slightly higher than guideline of the oil and grease.

6. Pseudomonas sp, Pseudomonas putide, -efficiently
brought OG below the guideline (10-15 mg/L) In 7
treatment days for Sabaa wastewater recording 10 and 5
mg/L, respectively, which considered very good quality.
on the other hand , Pseudomonas sp + Pseudomonas
putide , Hafnia alvei , ponds (1) and ponds (2) could
reduce the oil and grease levels from 30.20 to 20, 30.20
to 17.50 ,69.24 to 15.97 and 69.24 to 19.97 mg/L,
respectively which are slightly higher than guideline of
the oil and grease (Figures 8-10).

Mol-Aldwila N. Waste Management of Seafood Processing Effluents, Hadhramout

Governorate, Yemen. Adv Clin Toxicol 2020, 5(4): 000202.

Advances in Clinical Toxicology

0il and Grease (mg/L

%ngﬂlﬂﬂlﬂ

=l
g 2
=

PONDS(1)
PONDS(2)
Pseudomona sp
Pseudomonas
putida
Pseudomona
sp+Pseudomonas
putida
Hafnia alvei

Guideline after treatment

Figure 8: Oil and Grease (mg/L) in wastewater samples
after treatment by bacterial from AL-Rayan wastewater
compared with guideline.
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Figure 9: Oil and Grease (mg/L) in wastewater samples
after treatment by bacterial from AL-Mukalla wastewater
compared with guideline.
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Figure 10: Oil and Grease (mg/L) in wastewater samples
after treatment by bacterial from Sabaa wastewater
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