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Field experiment and economic analysis of
fish-processing wastewater fertilizer

by biodegradation.

Jang Ho Kang

Department of Biotechnology, The Graduate School,
Pukyong National University

Abstract

The present study demonstrated that biodegraded fish-processing - wastewater is capable of
fertilizing-value and economic-feasibility. A scale-up biodegradation of fish-processing wastewater
into liquid fertilizer was performed by inoculation of fish-processing wastewater of mixed 11-
species microorganisms in a 1-tons pilot scale bioreactor for 80 h. As a result, fish-processing
wastewater fertilizer (FPWF) showed high amino-acids content and low heavy metals concentration
as compared to commercial.organic fertilizers (COF). Chinese-cabbage’ (Brassicarapa L. ssp.
pekinensis) and lettuce (Lactucasativa-L.) were cultivated using a FPWF and COFs in a field for 2
months, improved plant growth parameters (leaf number, leaf length, leaf size, leaf width and dry
weight) as compared to COFs. Economic analysis showed positive cash flow of about 24931%/year

and it has a payback time of about 1.3 years.
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| . INTRODUCTION

In 2012, Korea manufactured 1,885,427 tons of fish-processing products
(Ministry of Ocean and Fisheries, 2013). It is increasing every year due to the
consumer's image, fostered by recent study, that fish is a healthy choice to other
animal food (Muthukumaran and Baskaran, 2013).The fish-processing produces
more than 60% waste, which includes bones, fins, head, scale and viscera. And
only 40% fish products for human utilization.

Fish-processing wastes are treated by conversion into fishmeal and fish oils
(Adeoti and Hawboldt, 2014 and Chalamaiah et al., 2012). But, this processing
plant consumes large quantity of water and generates wastewater both in the
processing and cleaning stages, characterized by high concentrations of organics
including proteins, nutrient, oil and fats. In particular, the organic contaminants are
in soluble, colloidal and particulate forms which vary largely between processing
plant and fish type (Muthukumaran and Baskran, 2013).Thus, left unattended fish-
processing waste and wastewater are usually disposed of landfill, burning, or by
dumping into the sea. The landfill of fish-processing wastes has caused several
problems such as rotten smells and leachate polluting ground and surface waters
(Yunet al., 2000).

Also, dumping will then be prohibited in Korea according to the London
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Convention (International Maritime Organization, 2006). But, in 2013, fish-
processing waste and wastewater of 3,000 tons were loaded ocean dumping in
Korea (Ministry of Ocean and Fisheries, 2013). These large quantities of fish-
processing wastes from fisheries would create serious pollution and disposal
problems in both developed and developing countries (Chalamaiah et al., 2012).

Thus, it is necessary to focus environmentally acceptable methods for
reutilization of fish-processing waste. Several methods have already been
performed. For example, production of omega-3 fatty acids (Nges et al., 2012),
biodiesel (Wu et al., 2014 andGarc B-Moreno et al., 2014 ), esterase (Esakkiraj et
al.,, 2012), fertilizer (lllera-Vives et al., 2013, Kim et al., 2007, 2010 and Dao and
Kim, 2011) have been obtained from fish-waste.

Especially, reusing of fish-processing wastes such as organic wastes can provide
nutrients for plant growth as well as improve soil health (YYadav and Gang, 2011).

Common and many use of N,-P and K fertilizer such as chemical fertilizers has
caused in soil quality and environmental degradation and heavy metals pollution
(Brockmann et al., 2014, Carbonell et al., 2011 and Zhu et al., 2012).There fore,
there has been a recent resurgence of interest in environmentally friendly,
sustainable and organic agricultural practices.

This system avoids or largely excludes the use of synthetic fertilizers, pesticides,

growth regulators and livestock feed additives. Environmentally friendly organic

2
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agricultural systems depend heavily on bio-fertilization, green compost, farm
manure, crop rotation, legumes, mineral-bearing rocks, and aspects of biological
pest control to sustain soil productivity (Giines et al., 2014).

Bio-fertilizers are products including living cells of different types of
microorganisms, which have an ability to convert nutritionally important elements
from unavailable to available form through biological processes (Wu et al., 2005).
A considerable number of fertilizer sources, mostly those associated with
hormonal, organic or -amino acid contents, promote. plant growth. These
ingredients render insoluble forms of plant nutrients into soluble forms through
acidification and exchange reactions. These processes compensate for the higher
cost of manufacturing fertilizers in industry and mobilize the fertilizers added to
soil.

Organic fertilizer; especially low grade, has received great attention as a source of
plant growth-promoting- bacteria (PGPB): and for use in agriculture. Natural
organic foliar fertilizer is an effective method for feeding plants in soil that is
deficient or contains unavailable forms of nutrients because plants absorb nutrients
through their roots and foliage (Giines et al., 2014).

Especially, amino acids are not only building blocks of proteins in addition to its
structural role in proteins, amino acids functions as a precursor for essential

biomolecules, such as vitamins and cofactors, antioxidants and many defense

3

Collection @ pknu



compounds. In young plants, amino acid biosynthesis is regulated by a compound
metabolic network that links nitrogen assimilation with carbon metabolism (A~
Ivarez et al., 2010, Jander and Josh, 2010, Maeda and Dudareva, 2012, Miret et al.,
2014 and Szabados and Savoure, 2010 ).

Therefore, the importance of bio-fertilizer is to provide socioeconomic and
ecological benefits among which are improvements of soil quality, food quality
and safety, human and animal health as well as environmental quality (Owamah et
al.,, 2014).

During the past few decades, there has been increased interest in the use of
beneficial microbial inoculations to improve plant and soil functions. Several
microorganisms, such as plant growth-promoting bacteria (PGPB), have been
widely studied (Figueiredo etal., 2010 and Calvoe et al., 2012).

PGPB were reported to .increase the plant growth by reducing susceptibility to
diseases caused by plant pathogenic fungi, bacteria, viruses, and nematodes and
facilitate to grow under abiotic stress conditions such as drought and salinity (Khan
et al, 2011, Nautiyal et al, 2013 and Siddikee et al., 2011).Reports are now
accumulating on application of PGPB as elicitors for tolerance to abiotic stresses,
such as drought, salt and nutrient deficiency in plants and raising possibility for
incorporation of microbial genes into plant and diverse microbial species (Apse et

al, 1999, Nautiyal et al., 2013 and Yang et al., 2009). Among the PGPB

4
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microorganisms, Bacillus spp. are widely used, mainly because they can survive as
spores and can potentially alter the soil microbial composition. Bacillus spp. have a
wide metabolic capability that allows them to play important roles in soil
ecosystem functions and processes. Due to their heterotrophic nature, Bacillus spp.
play an important role in the soil C cycle, soil N cycle, soil S cycle, and
transformation of other soil nutrients (Mandic-Mulec and Prosser, 2011and Calvo
et al., 2012). Furthermore, they act as biocontrol agents due to the wide range of
antiviral, antibacterial, and antifungal compounds they produce, which can control
pathogens and have an effect on other soil microorganisms (Chaabouni et al.,
2012). Antibiotics are important metabolites that are produced by Bacillus spp.
They not only can control pathogens but also confer a competitive advantage over
other soil microorganisms (Stein, 2005).

Field experiment has .many benefits. For example, farmers can test the
recommendations of agricultural extension services in a wide range of production
conditions. Farmers can verify if small-plot experiment station research applies to
field scales under local environmental and management practices. Testing of
equipment, systems or technology packages is also a benefit of on-farm trials.
Apart from these benefits, the costs of field experiment trials are very low
compared to the costs of experiments at a research institute (Meyer-Aurich et al.,

2010).
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Aerobic biodegradation is one of the most useful methods to convert fish waste
into fertilizer by bacillus sp. Previous studies have examined fertilizer production
from fish-waste (Kim et al., 2007, 2010 and Dao and Kim, 2011). But, most
experiments have been of at a laboratory scale.In present study, bio-fertilizer was
produced from fish-processing waste using a 1 m® pilot-scale. In addition, It was to
investigate the effect of fish-processing waste for bio-fertilizer inoculation on field
experiment of the Chinese cabbage(Brassicarapa L. ssp. pekinensis) and the
lettuce (Lactucasativa L.). In addition, economic analysis of bio-fertilizer for

sustainability was evaluated.
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II. MATERIALS AND METHODS

1. Microorganisms

The mixed microorganisms used in this study are comprised of eleven
microorganisms: Bacillus subtilis, Bacillus coagulans, Bacillus circulans, Bacillus
anthracis, Bacillus agri, Bacillus licheniformis, Bacillus fusiformis, Bacillus
cereus, Brevibacillusagri, Bacillus licheniformis and Brevibacillusparavrevis
(Kim et al., 2007 and 2010).They were isolated from humus, compost leachate
and the viscera of earthworm. These were potential aerobically-degrading bacteria
and there was no potential bacterial antagonistamong them (Geun and Kim, 2012).
Equal amounts of cells from each strain were separately cultivated and combined
together. Then, the mixed microorganisms were used as an inoculum for the 1 m®
pilot bio-reactor experiment. Each pure strain was maintained on 1.5% (w/V)
Nutrient agar plate at 4°C and subculture was transferred to a fresh agar plate
every two weeks until used. At the same time, the potential degrading ability of
each pure culture was periodically checked on 1% (w/v) skim milk agar and 3.215%
(w/v) spirit blue agar. All agar plates were incubated at 45°C until a change in

color or a clear zone around each colony was observed.
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2. Biodegradation of fish-processing wastewater

Fish-processing wastewater was obtained from a fish-meal processing plant

located in Busan (Korea). These wastewater was boiled at 80 C for 3 h for

sterilization. It was pumped into reactor. The reactor was preliminarily washed
with tap water that contains 5% (w/v) sodium hydroxide to remove
microorganisms attached on the surface of the reactor wall. Then, the reactor was
sterilized by steam equipment at 3.0-10° Pafor 30 min and it was filled with 600 L
of hot fish-processing wastewater under steaming. When the reactor temperature

cooled downto 45 + 1 C, a 110 g of mixed microorganisms (wet weight basis)

that contains equal weights of each eleven strain were inoculated into a reactor.

Temperature of the reactor was maintained at 45 + 3 C by cooling system (25

L/min). Air supply was using 5-oxygen generator (25 L/min and 90 + 3% purity)
and booster (120 L/min). In order to avoid contamination from outer foreign
microorganisms, discharging air or oxygen was passed through a 10-L flask that
contained 10-M sodium hydroxide. The two flasks were put in ice to collect
evaporated water from the discharging air. When severe foaming occurred during
bioconversion, 10-fold diluted antifobam was wused. Samples were
periodicallytaken from the bioreactor every 6 h. The concentrations of DO, ORP

and pH were measured for the every 2 h.
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3. Field experiment of fish-processing wastewater fertilizer

The field experiment was performed from March to May 2012 at the Nature
Resource and Life Science attached farm of Pusan National University, using a
cabbage (Brassica rapalL. ssp. pekinensis) and a lettuce (Lactuca sativa L.) field.
Twenty-four plots (20 m x 12 m) were defined, and fertilized plots (fish-
processing wastewater fertilizer and two commercial organic fertilizer) and non-
fertilized plots were established-in sandy-loam soil. Planting range and soil depth
were 320 stocks at 10m? and 15cm, respectively. To apply the recommended
amount of two commercial organic fertilizer (each 1000-fold diluted), fish-
processing wastewater fertilizer with an equivalent of 1000-fold diluted was
applied. After 2 months, 30 samples were harvested in each plot.
Themeasurements were conducted leaf length, number, width, area and fresh

weight.

Collection @ pknu



4. Economic analysis

Economic analysis is important factor for investment. To evaluate the feasibility
of the system, a cost-benefit analysis of the fish-processing wastewater
reutilization system was conducted. In this study the interest rate was set to 3.69%
(The bank of Korea economic statistics system, 2014) and the project life, 10
years. Total cost was calculated by process parameters, which are cost of operation
and others (Sanchez-Segado et al., 2012, Tufvesson et al., 2011 and 2013). The
cost parameters were shown in table 1.

Cost benefit analysis originates from 'the premise that a project is only
economically feasible if all incomes exceed the aggregate costs. In other words,
according the Eq. (1) project have economically feasibility when net present value

(NPV) wasmore thanto zero (Marenya et al., 2012).

NPV =i, "o = IC (1)

Where BFtand CFtare the benefit flow and cost flow at time t respectively, r is the

interest rate, n is the project life, IC is the investment capital.

10
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Table 1. Cost parameters used in estimate operation cost.

Cost parameters Unit Cost
Equipment cost

Equipment $ 25,411.76
Construction $ 762.35

Chemical substances

Nutrient broth $/kg 267.29
Skim milk $/kg 82.82
Spirit blue $/kg 946.82
Tributyrin $/L 207.44
Polysorbate 80 $/L 142.86
Agar $/kg 145.68
Sodium hydroxide $/kg 27.78
Antifoam $/kg 5.64
Utility

Process water $/m? 0.21°
Electricity $/kWh 0.06°
Other cost

Maintenance $lyear 522.74
Labor $lyear 38,180.45
Insurance $lyear 1,879.7
Taxes $lyear 93.98

%1 $=1063.7 ¥ (Korea exchange bank, 2014)
b process water price referenced by Korea water resource corporation, 2014.

°Electricity price referenced by Korea electric power corporation, 2014.

11
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5. Analytical methods

The concentrations of Na*, NH;*, NOs", PO4* and SO4* were analyzed by ion
chromatography (Metrohm 792 Basic IC, Switzerland). The columns used in these
analyses were Metrosep C2-150 (150 x 4.0 mm) and Metrosepsupp 5-150 (150 x
4.0mm) for anions and cations respectively. The concentrations of chemical
oxygen demeand (COD-Cr) and total nitrogen (TN) were analyzed by a Water-
quality analyzer (Humas Co., Ltd, Korea). The dry-sludge weight (DSW) was
determined by weighing 5 ml in an aluminum dish after being dried in an oven at

105 C for 12 h. The viable cells number expressed as colonies forming units

(CFU) were estimated with a proper dilution factor by counting colonies formed
on the agar plate of the nutrient broth medium containing 1.5% (w/v) agar, which
were expressed .as CFU per ml of sample. Amino-acid composition, N, P and K
content were determined by Life Science Lab Korea Basic Science Institute
(Korea). Concentration of the heavy metals As, Cd, Cr, Cu, Hg, Ni, Pb and Zn
were determined by Foundation of Agri, Tech, Commercialization and Transfer

(Korea).

12
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lIl. RESULTS AND DISCUSSION

1. Fish-processing wastewater fertilizer analysis

Operation of the reactor was continued until spore of microorganisms formed.
Fig. 1 and Fig. 2show the characteristics of biodegraded fish-processing
wastewater during the total 80h biodegradation period.

Fig. 1(a) presents the amount of COD-cr and TN in the FPWF was found to be
reduced by 74.3% and 68.9% respectively. The carbon/ nitrogen ratio of the
FPWF was from 9.75 t0 7.86. As seen in Fig. 1(b), the amount of DSW reduced
54.2%. The cell number increased from 1 x 10° CFU/ml to 7.13 x 10° CFU/m.
The pH decreased steadily to 5.69. The drop in pH was due to production of
amino acids, which was also seen in our previously studies involving fish-waste
(Kim at al., 2007, 2010, Dao and Kim, 2011, Geun and Kim, 2012). The results
mean that the cell grew on degraded fish-processing wastewater. Fig. 2(a)
represents the changes in"the concentrations of cations. The concentrations of Na*
did not change significantly until 80 h. But, the concentration of NH,4" increased
until 80 h, and the maximum concentration was 770.67 mg/l. NH;" is produced
through the biodegradation of protein-rich material (Nges et al., 2012). Fig. 2(b)
represents the changes in the concentrations of anions. The concentration 0f NO3’,

PO,>, SO,% increased until 80 h, and the maximum concentrations were 116.81

13
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mg/I, 1080 mg/l and 179.13 mg/l respectively. Since these concentrations reduced
near the end, the anions must have been at least incompletely utilized by the
microorganisms (Yamamoto et al., 2005).

Amino-acids are an necessary part of the active portion of organic matter in a
fertilizer. The growth of plants depends finally upon the availability of a suitable
balance of amino-acids. The amino-acids composition of the FPWF is shown in
Table 2. During biodegradation, the amino-acids total content in the FPWF
increased from 4.16 ¢/100g to 14.66 g/100g. The total amino-acid was higher than
the previous content of results (Kim at al., 2007, 2010, Dao and Kim, 2011, Geun
and Kim, 2012). In addition, the content of total amino-acids of FPWF was higher
in comparison with that of COFs.

Table 3 shows the concentrations of N, P, K and heavy metals. The
concentrations of-heavy metals were lower than COFs. But, the concentrations of
N, P and K were 2.26%, 0.87% and 0.65% respectively, which were half levels

than COFs.

14
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Fig. 1. Changes of COD-cr, TN (a), DSW, CFU and pH (b) during
the biodegradation of fish-processing wastewater. Error bars
represent the  standard deviations of the mean values of three
replicates.

15

Collection @ pknu



3000 1200

N \M >
2000 800~
g
E 1500 | L 600 =
+(U f
Pz

1000 - L0 <

A +
500 Na™ 1 200
—=— NHg*
01 : : : o
0 20 40 60 80
Time (h)
@

300 3000 300

250 - L2500 | 250
2001 L 2000 ~ | 200 ~
S > >
£ £ £
=150 1 L 1500 3= | 150 )
5 57
<. 100 —v— NOg [ 1000 | 100 @

50- 1500 |50

—— 5042-
0 — — —r 0 L0
0 20 40 60 80
Time (h)
(b)
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replicates.
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Table 2.Comparison of amino acid composition between FPWF, COF1 and COF2.

Source?

Amino acid Initial FPWF” FPWF COF1° COF2°
Cystein 0.02 0.04 n.d. 0.02
Aspartic acid 0.02 0.34 0.72 0.59
Glutamic acid 0.09 1.11 0.49 0.89
Glutamine 0.08 0.21 1.08 n.d.
Glycine 0.06 1.68 2.36 1.25
Threonine 0.18 0.69 0.18 0.22
Alanine 0.27 1.03 0.27 0.99
Serine 0.06 0.21 n.d. 0.3
Proline 0.33 0.40 0.96 0.61
Tyrosine 0.11 0.14 0.33 0.05
Valine 0.86 112 0.51 0.24
Methionine 0.08 1.55 1.26 n.d.
Isoleucine 0.22 1.02 0.38 0.14
Leucine 0.68 1.08 0.22 0.26
Phenylalanine 0.31 1.46 0.68 0.18
Tryptophan n.d. 0.97 0.31 nd.
Lysine 0.79 1.43 0.82 0.53
Argine n.d. 0.18 n.d. 0.15
Total 4.16 14.66 10.57 6.42

4Unit of amino acid composition is g/100g dry weight.
bFish-processing wastewater. fertilizer
“Thisis one of the well-selling organic fertilizers in Korea.

4 Not detected.

17
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Table 3. Comparison of concentrations of N, P, K and heavy metals between the
FPWF, COF1 and COF2.

Component FPWF? COF1° COF2°
Heavy metals (mg/kg)

Cd n.d.f n.d. n.d.
Cu 1.06 14.62 2.72
Ni n.d. 0.37 2.16
Pb n.d. n.d. 0.33
Zn 2.89 71.30 6.97
Hg n.d. n.d. n.d.
Cr 0.79 17.57 3.30
As 0.22 4] 2.94
N, P, K (%)

N 2.26 3.67 157
P.Os 0.87 2.89 1.95
K;O 0.65 1.46 2.19

®Fish-processing wastewater fertilizer
*Thisis one of the well-selling organic fertilizers in Korea.

° Not detected.

18
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2. Field experiment by fish-processing wastewater fertilizer

Results of the statistical analysis of the effect of FPWF in lettuce and Chinese
cabbage growth are shown in Fig. 3. Among the field experiments, FPWF showed
the best promoting effects on the growth of the lettuce and the Chinese cabbage.
For instance, the lettuce of leaf number, leaf length, leaf size, leaf width and dry
weight in the FPWF group increase by 23.75%, 25.78%, 29.39%, 30.74% and
28.41% over non-fertilizing plot (control group), respectively. The Chinese
cabbage increased by 40.86%, 24.86%, 29.34%, 23.01% and 23.62% over non-
fertilizing plot, respectively. And, growth of plants were some better than COFs.

Improving the growth of plants are the primary functions of fertilizer. FPWF
produced positive effect on plant growth and the availability of water-soluble
nutrients, which are easily absorbed by plants. FPWF biodegraded by 11-species
Microorganisms using fish-processing wastewater contained many amino-acids.
This FPWF has important potential application as a non-toxic, high efficiency and

environmentally friendly liquid fertilizer.

19
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Fig. 3. Comparison of growth of lettuce (a) and Chinese cabbage (b)
between FPWF, COF 1 and COF 2.
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3. Economic analysis

Table 4 shows a summary of the process evaluation and the factors used for
calculating the operation cost. As shown in Table 4, the total operating cost of
FPWF is 70,613.18 $/year. And, according to Table 1 initial investment capital
(equipment cost) is 26,174.11 $. The income for sale the fertilizer was determined
to 1.88 $/land it is the average price of the COFs that was used for in this study.

A conventional net present value (NPV) analysis is showed in Fig. 4. As a result,
generates a positive cash flow of about 24,931 $/year and.it has a payback time of

about 1.3 years.
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Table 4. Calculation of the operating cost for production of FPWF.

Cost factor Cost ($°/year)
Chemical substances 25,223.64
Utility 4,712.74
Other cost 40676.87
Total 70,613.18

a1%$=1063.7 ¥ (Korea exchange bank, 2014).
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Fig. 4. Analysis of the change of benefit flow, cost flow and net present value.
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IV. CONCLUSION

Experimental comparison of biodegraded fish-processing wastewater fertilizer
with a commercial organic fertilizer shows that the formers have better fertilizing
value than the latter despite this is a marketed product.

In addition, biodegraded fish-processing wastewater can be considered viable as
fertilizers from an economic point of view, according to the obtained results of

economic analysis.
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