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BIOREMEDIATION OF FISHERY WASTE
USING WATER LETTUCE (Pistia stratiotesL .)

Abstract: One of the relatively affordable and safe wastatment is biological treatment by utilising certai
plants as biofilters. The water lettudtitia stratiotes L.) is an aquatic plant that is usually considesedeed by
the community. These plants can be used to absgibdlements in wastewater. The purpose of thidystvas to
analyse the relationship betwePrgtia stratiotes L. and the decrease in the organic matter conteffistoery
processing wastewater. The research method involaeging the effectiveness of the relationship leetm the
bacteria and the water lettuce, the cover rath@fitater slide plants and measuring water quaMgter quality
measurements include: analysis of BOBOD, TSS, pH and temperature. Data analysis végression and
correlation tests using SPSS 28 software. In thidys the density oPistia stratiotes L. used was 0 %, 25 %,
50 %, 75 % and 100 %. Based on the results, itbeaconcluded that the effectiveness of Ringtia stratiotes L.

in reducing levels of BOE) COD and TSS is highest at a density of 100 % witheffectiveness values of each
23.7 mg/L, 58.7 mg/L and 2.67 mg/L.
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I ntroduction

The fishing industry in its operations will produttee final product and unwanted
material that will be discarded or can still berogessed, which is called waste. If waste
containing certain hazardous and toxic chemical mmmds is released into the
environment, this will result in pollution in riversoil and air [1].

Jember District, which is located on the south tdaas fish-producing beaches that
contribute to national fish stocks [2]. Puger sudtritt is the biggest fish auction place
(FAP) in Jember. FAP waste can be in the formapfid waste or solid waste. Liquid waste
in the form of washing water from fish processinpe effect caused by this liquid waste is
different on the environment because it is infllemhdy the concentration of organic
materials contained in it, the quantity of liquidaste discharged into nature and
the mixing capacity of the waters that receive Gbuntermeasures need to be taken
so that it does not cause pollution to the envirenin{3]. The BOD/COD ratio itself
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indicates the biodegradability of wastewater, whive higher the ratio, the higher the
biodegradability [4].

Fishery product waste that is not managed propatlycause environmental pollution.
The pollution caused is: discoloration, odour armloidal deposits in the aquatic
environment around FAP, unpleasant odours, andesagsughing and itching [5].
Therefore, it is important and necessary to re$etie processing of fishery waste which is
relatively inexpensive but efficient in terms ofudts.

One of the relatively affordable and safe wastattnent is biological treatment by
utilising certain plants as biofilters. This is bese plants have the ability to bind elements
from the surrounding environment and are sensitiveall changes in environmental
habitats, both physical and chemical [6]. The wadtituce Pistia stratiotes L.) is
an aquatic plant that is usually considered a weethe community [7]. However, these
plants can provide benefits for polluted waters T8jese plant is a type of water weed that
grows very fast and has the ability to adapt to memwironments. These disturbing plants
can be used to absorb toxic elements in waste\\@té0].

In the current study, variations in the effectivenef the relationship between bacteria
and watercress were analysed using regression anglation tests using SPSS 28
software, analysis of cover rates of watercressitplameasurement of water quality
(analysis of BOD, COD, TSS, pH and temperature). This will make ahelysis results
better.

Materials and methods

Preparation of test plant

Before being used in research, the water lettucere whrst acclimatised.
This acclimatisation aims to neutralise the wagétute from the previous media. The way
is to clean the water lettuce from the mud and thidt is still attached, then prepare
a reservoir filled with water. Choose healthy anesh water lettuce then put it in the
reservoir. Acclimatisation is carried out for a westh a natural lighting system (sunlight).
The next step is to select plants that have a imi&ze and then weigh the biomass.

Acclimatisation stage

Plants were acclimatised by placing them in animatlsation tank filled with water.
Before acclimatisation, the plants are cleaned idf attached to the roots and leaves.
Then the plants were acclimatised for + 7 days I@4b. If during this time the plant does
not change, it can be continued in the procesxpdsure to fishery waste. The condition
of the plants at the time of acclimatisation carséen in Table 1.

M easurement of biological oxygen demand (BOD)

BODs analysis uses the Winkler method [11]. The prilecigses iodometric titration.
The wastewater sample was first added with a swiubf MnChb and NaOH-KI (Merck,
Germany), so that Mn{precipitate would occur. By adding$0, (Merck, Germany) the
precipitate that occurs will dissolve again and afi$o liberate iodine §) molecules which
are equivalent to dissolved oxygen. The liberatatine was then titrated with a standard
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solution of sodium thiosulphate (M&0Os) (Merck, Germany) and using a starch solution
indicator (starch).

Table 1
Acclimatisation stage
Day Stage
1 Acclimatisation of fresh water lettuce and the kE=agre light green. The roots are long, white-brown
and expand freely
2 Acclimatisation leaves and plant roots still [doksh and green
3 Acclimatisation, the plants are still green, fregth floating roots
4 Acclimatisation, seen from the morphology of thanlleaves, did not experience any significant|
changes. Plant leaves still look green and fresh
5 There is no significant change in plant acclimaitsawhere the leaves are still green with floating
roots
6 Acclimatisation of the outer leaves of the plargibeo turn yellow at the tips because they areanid
the other leaves are still fresh and green. Frlesltifig plant roots
7 Acclimatisation of old plants where the tips of thaves start to turn yellow, while the other leaaee

still green and fresh with floating roots

M easurement of chemical oxygen demand (COD)

The next research stage is COD analysis with clos#idx spectrophotometry [12].
Organic compounds are oxidised by,@7~ in closed reflux to produce €r The amount
of oxidant required is expressed in oxygen equivsl€G, [mg/L]) measured by visible
spectrophotometry. @D, strongly absorbs at a wavelength of 420 nm arid &lssorbs
strongly at a wavelength of 600 nm. For COD valoie$00 mg/L to 900 mg/L the increase
in Cr* is determined at a wavelength of 600 nm. In tlg sample with a higher COD
value, dilution was carried out prior to testingorFCOD values less than or equal
to 90 mg/L the decrease in £x? concentration was determined at a wavelength
of 420 nm. Making a calibration curve is done hyuating the wavelength of the
spectrophotometer test equipment at 600 nm or #20nmeasuring the absorbance of each
working solution, then recording it and plottingagainst COD levels.

M easurement of total suspended solid (TSS)

Then a gravimetric TSS analysis was carried out aitcordance with SNI
6989.3-2019 concerning Methods for Testing Totadp@mded Solids. This standard uses
Standard Methods for the Examination of Water andsiéwater 23 Edition (2017)
Method 2510 as the main reference. In this methiogl,homogeneous sample is filtered
with a weighed filter media. The residue retainad tbe filter media is then dried at
a temperature of 103 °C - 105 °C until it reache®@astant weight. The increase in filter
weight represents Total Suspended Solids (TSS).

Resear ch variations

In this study, laboratory scale experimental meshe@re used. The variation of the
experimental design used was a completely randamigsign (CRD) with 4 different
treatments (Table 2), namely different closureshv@treplications [13]. Replications are
placed randomly. This is done so that the datayaizabecomes valid besides that all
samples get the same treatment.
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Table 2
Research variations

Variation Treatment of covering aguatic plants

Fishery product processing waste with 100 % ptaner,Pistia stratiotesL. 250 g

Fishery product processing waste with 75 % ptaner,Pistia stratiotes L. 200 g

Fishery product processing waste with 50 % ptamer,Pistia stratiotesL. 150 g

Fishery product processing waste with 25 % ptaner,Pistia stratiotesL. 100 g
Fishery product processing waste without clogcwatrol)

m(oO|O|wm|>

Results and discussion

M easurement of pH and temperature

The data obtained from the analysis shows thapkh&alue of the initial waste before
being processed meets the wastewater quality s@sdafter undergoing processing, the
pH value fluctuated but still met the wastewatealijy standards.

The decrease in pH value is due to organic (pradeih fat) and inorganic (mineral)
materials that have been filtered or bound by twgsr of the water lettuce, making it easier
for microbial decomposers in the degradation pre¢&s Organic materials that have been
filtered or bound by the roots of the Water lettare degraded into simple compounds,
namely, amino acids and fatty acids (organic adids)btain ammonia, nitrate, nitrite and
nitrogen. With the formation of organic acids réisig from the breakdown of proteins and
fats, the pH will continue to decrease to near na¢ytH. The inorganic materials in the
leather tanning liquid waste are filtered or bolnycthe roots of the plant so that the levels
of organic matter in the waste can be reduced [9].

The average temperature in this study of 26 °C -°g7fulfilled the optimum
temperature limit, namely the optimum temperatuwe ghytoremediation ranged from
25 °C - 30 °C and was at the optimum temperatuné fior growing water lettuce, namely
22 °C - 30 °C [2]. Temperature is related to meliahamrocesses and photosynthesis, so that
an increase in temperature will indirectly affeo tevel of absorption. According to [3],
the higher the plant's ambient temperature, thehdrigthe absorption rate by plants.
However, an increase in temperature can also ¢auggty to increase so that plant growth
is hampered, which in watercress plants is chatiaeteby shortening of the roots [6].

Biological oxygen demand (BOD) analysis

The characteristic test on wastewater is used terméne the initial content of waste
referring to the parameters of wastewater for itdis businesses or activities in
PermenLH No. 06 of 2007 concerning Wastewater Qu&tiandards for Fishery Product
Processing Businesses and/or Activities. The B®&lue obtained exceeds the quality
standard, which is 121.9 mg/L.

The results of this study showed that the abilityh® water lettuce to reduce B@D
levels in the treatment group with a density of 0 26 %, 50 %, 75 % and 100 %.
The highest decrease in B@Rvels was found at a density of 100 % from day Gay 28,
which was 23.7 mg/L (Fig. 1).

There was a decrease in the concentration of B@dDe to the presence of aquatic
plants which caused an increase in the concentraticdissolved oxygen in wastewater.
This oxygen was obtained from the results of plaimbtosynthesis and the addition of
aeration in the reactor [14]. The dissolved oxydenthe reactor is getting higher.
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If dissolved oxygen is sufficient, symbiotic micrganisms in plant roots can decompose
more organic contaminants [15].
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Fig. 1. The effectiveness of water lettuce in rédg&OD;

The decrease in BQDevels can also be caused by the process of pbgtadation.
Organic contaminants are absorbed through the mudsdecompose through metabolic
processes in plants. The decrease in pollutant tsutss can be caused by the
phytovolatisation process which is the absorptibpallutants by plants after the above
process and is released in the form of water vaptdorthe atmosphere. This process is
appropriate for use by contaminants of organic tsulzes [16].

Chemical oxygen demand (COD) analysis

The COD value obtained exceeds the quality standesuich is 303.4 mg/L.
The results of the study showed that the abilitthef water lettuce to reduce COD levels in
the treatment group with densities of 0 %, 25 %,9%075 % and 100 %. The highest
decrease in COD levels was found at a density 6f%0rom day O to day 28, which was
58.7 mg/L (Fig. 2).

COD analysis in this study was carried out withagiation of time, so that it can be
seen that the longer the time, the decreasing lef/€OD in wastewater will decrease.
The COD level before the phytoremediation process 803.4 mg/L, which means that this
value exceeds the quality standard. According f],[the COD value is a value that
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indicates the thickness of the organic matter enlaters so that it can cause low levels of
dissolved oxygen in the waters needed by organisnrespiration.
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Fig. 2. The effectiveness of water lettuce in rédg€OD

The increase in COD removal value is increasing lolaylay. This happens because
the degradation process will begin to be effectiten the microorganisms in the root zone
have started to grow in large numbers. The supgriof water lettuce greatly affects the
detention time in degrading organic matter (protaimd fat) and inorganic (minerals)
contained in liquid waste. The faster the procdsabsorption of organic and inorganic
materials by the roots of the watercress plants, féster the process of improving the
quality of waste and the effectiveness of the d&ientime required to obtain standard
waste water quality can be achieved [18].

Total suspended solid (TSS) analysis

TSS analysis in this study was carried out withiatans in time, so that it can be seen
that the longer the time, the lower the level ofSTi&duction in wastewater will decrease.
The TSS level before the phytoremediation process 26 mg/L, which means that this
value met the quality standards.

The results of the research showed that the alufithhe water lettuce to reduce TSS
levels in the treatment group with a density of Q 26 %, 50 %, 75 % and 100 %.
The highest decrease in TSS levels was found anhaity of 100 % from day O to day 28,
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which was 2.67 mg/L. This shows that the longerlaste is in contact with the water
lettuce and the more the number of plants, theldhe TSS level (Fig. 3).

The decrease in the TSS value was due to theHatthe hardwood plant has fibrous
roots which can become a place for colloids flaatin the water to attach. The more
fibrous roots one has, the more colloid will stittk these roots [19]. Precipitates and
colloids as well as dissolved materials originatiram solid waste materials will settle to
the bottom if they cannot dissolve and some wiltdree colloidal if they can dissolve.
Precipitates that cannot dissolve before reachirgobttom will float in the water with the
colloids. Organic waste materials in the form ofads will agglomerate on the surface of
the water so that the water will appear cloudy. Eb#oidal clumping will inhibit the
diffusion of oxygen into the wastewater so thatdkeilability of oxygen becomes less and
will inhibit the work of aerobic microorganisms diecomposing organic matter.
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Fig. 3. The effectiveness of water lettuce in rédgdSS

TSS is closely related to water turbidity. The l@gthe TSS value, the more turbid the
water will be. This can result in blocking sunligfiom entering the water, so that
photosynthesis will be disrupted and have an impaalecreasing dissolved oxygen levels.
Dissolved oxygen levels that fall will greatly digt the activities of living things in the
water [20].
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Statistical analysis

The decrease in BQDCOD and TSS levels using the phytoremediatiomgple
on the variable density of water lettuce was sujgabby statistical tests using SPSS 28.
The results stated thpt< a (0.05) so that the hypothesis was accepted, iddoeliseen that
there were differences in the decrease in leveB@Ds, COD and TSS in fishery waste
using water lettuce (Table 3).

Table 3
SPSS ANOVA statistical test. Correlations
BODs COD TSS
Pearson correlation 1 .846 1
BODs Sig. .000
N 5 5 5
Pearson correlation .846 1 .846°
COD Sig. .000 .000
N 5 5 5
Pearson correlation 1 .846 1
TSS Sig. .000
N 5 5 5

™ Correlation is significant at the 0.01 level

To prove whether there is a significant effect ofat bacteria on the decrease in
organic matter content, a statistical test wasiedrout. The regression test results show
a coefficient of determination of 0.846 with a sfgrance of 0.000 < 0.05. This shows that
at the 95 % significance level, the phytoremedratfactor using water lettuce has
a significant influence on reducing organic mattentent.

Conclusion

One of the relatively affordable and safe wastattnent is biological treatment by
utilising certain plants as biofilters. The watettlice Pistia stratiotes L.) is an aquatic
plant that is usually considered a weed by the conity. These plants can be used to
absorb toxic elements in wastewaterthis study, involved varying the effectivene$she
relationship between the bacteria and the watéudet the cover rate of the water slide
plants and measuring water quality. Water qualitgasurements include: analysis of
BODs, COD, TSS, pH and temperatufiche density of water lettucéigtia stratiotes L.)
used was 0 %, 25 %, 50 %, 75 % and 100 %. BaseHdeoresults of the research that has
been done, it can be concluded that the effectsenaf the water lettucePistia
stratiotes L.) in reducing levels of BOE) COD and TSS is highest at a density of 100 %
with the effectiveness values of BQDCOD and TSS each of 23.7 mg/L, 58.7 mg/L
and 2.67 mg/L. In addition, the regression testwstb a coefficient of determination
of 0.846 with a significance of 0.000 < 0.05, thdf@l was rejected or in other words,
at a significance level of 95 %, the phytoremediatfactor used water lettuce gave
a significant effect on the reduction of organictteacontent.
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