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Abstract

Laboratory as one of the supporting facilities of learning activities in various educational institutions, both at the
primary level, intermediate and at higher education level, including in the Faculty of Health, Dian Nuswantoro
University. As one of the indicators of laboratory waste pollution is the parameter of chemical oxygen demand.
Utilization of bamboo water plant (Equisetum hyemale) as a remediation agent is an alternative treatment. Experiments
were conducted experimentally using a completely randomized design with 75 plants, 150 plants, and 225 plants 3 and
treatment (0 hours, 48 hours, 60 hours and 72 hours), by measuring the decrease in chemical oxygen demand
concentrations. The best result was aimed at second treatment with chemical oxygen demand degraded is 430 ppm
with regression equation rate y = 137x - 190 with best degradation ability. While treatment 1 with the amount of
chemical oxygen demand degraded 10 ppm with the equation of degradation rate was y = 36x - 3, and treatment 3 with
334 ppm degraded chemical oxygen demand with degradation rate y = 112x - 151. Based on the analysis result showed
Equisetum hyemale has been proven to be used as a phytoremediation agent which is quite effective in reducing the
level of chemical oxygen demand, the most effective reduction of the concentration of chemical oxygen demand was
found in the final treatment results using Equisetum hyemale 150 rods with the equation model y = 137x - 190 with R2
=0.85.
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1. Introduction

Laboratory waste is a waste that laboratory managers must pay attention to, as it may contain ingredients that are
harmful to the surrounding environment. Laboratory waste containing organic and inorganic materials needs to be
reduced before being discharged into the environment through a sewage treatment plant. Waste treatment can be done
chemically, physically or biologically [1].

The reduction of harmful substances into simpler and less toxic materials is often called remediation. The safest
remediation of waste is to utilize native organisms since native organisms have ecologically adapted to the surrounding
environment and thus have no adverse environmental impact. Remediation can be done chemically, physically and
biologically. Remediation is done by utilizing biological agents called bioremediation, by utilizing microorganisms,
algae, and plants. Bamboo water plants of species Equisetum hyemale is a type of aquatic plant that can be used as a
remediation agent. Bamboo water plants Equisetum hyemale can reduce the heavy metal content of Pb and Cr in
wastewater by Pb 82.2% and Cr 61.2% [2]. Chemical oxygen demand is one of the standard indicators of water
pollution that shows the total amount of oxygen required to oxidize organic matter chemically by water activity [3].
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In some species of Equisetum, the mature sporophyte phase forms hollow stems that have two different types. One of
them is short, not branched, without chlorophyll, and produces spores as a generative tool. Others are sterile stems
(also called vegetative tools), are green, and continue to grow throughout the season. This stem also acts as a
photosynthetic organ replacing leaves. Structurally anatomy has a permanent network of stems consisting of the
epidermis, cortex, and vascular bundles, which are thin cylindrical surrounding the central cavity. Bamboo water plant
(Equisetum hyemale) has a high silicate content on the stem, this plant is able to reduce various types of pollutants [2,
4].

The waste remediation capacity with chemical oxygen demand content needs to be developed especially in the waste
produced by the laboratory. This is because most Laboratory Activities are mostly conducted around urban settlements,
so waste processing plants are needed in narrow and limited areas. Therefore the application of phytoremediation is
the right step in waste management Laboratory [4]. This study aims to determine the ability of bamboo water plants in
lowering levels of chemical oxygen demand contained in waste laboratory of Health Faculty - University Dian
Nuswantoro, Semarang, Indonesia.

2. Material and methods

2.1. Material

The material used in the study is leachate, bamboo water plant (Equisetum hyemale) as a test plant, K2Cr207 (Potassium
Dichromate) Solution Merck's, HgSO4 (Mercury Sulfate) Solution Merck, 0.025 Na2S203 Solution (Sodium Tiosulfate)
Merck, Aquadest (Kimia Farma, Indonesia). The tools used in this study are digital pH Meter Accurate Multi-purpose
Hanna Instruments, HANNA HI 93510N and Portable Thermistor Thermometer waterproof, Memmert Oven
Laboratorium UN 30 - 32 Liter (Germany).

2.2. Preparation of plants for phytoremediation

Acclimatization bamboo water plant (Equisetum hyemale), is done by preparing an aerator tub, bamboo water plant
(Equisetum hyemale), soil as planting medium, and coral. The filling of planting medium on aerator is soil for soil
(planting medium). The height of the stone layer 7-10 cm, as the holder of bamboo water plant (Equisetum hyemale),
the volume of soil used as much as 7 L. Selection of bamboo water plants (Equisetum hyemale) used has an average
height of 70 cm with an average diameter of 0.5 mm, this plant is planted in a prepared aerator tub then filled with 150
L of laboratory liquid waste, faculty of Health - Dian Nuswantoro University [5]. Preparation of laboratory wastewater
is the tested wastewater comes from the end result of the health laboratory treatment. The wastewater is then fed into
an aerator tub with a volume of 150 liters and then tested the decrease of its chemical oxygen demand concentration
with method Indonesian National Standard [6-8]

2.3. Data analysis

Randomized block design method was adopted to see the effect of the variables studied. The data obtained is then
analyzed using regression analysis.

3. Results and discussion

Bamboo water plant (Equisetum hyemale) which is used in research is included in the calcification of Equisetum species,
genus Equisetum, family Equisetaceae, ordo Equisetales, class Equisetopsida and division of Pteridophyta [6] . The image
below shows bamboo water plant (Equisetum hyemale) used in the study:
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Figure 1 Bamboo water plants (Equisetum hyemale)

3.1. Laboratory sample waste test

Test Characteristics of laboratory waste was conducted to determine the initial concentration of the parameters studied
[6]. The results of the analysis of laboratory waste characteristics can be seen in the table below, as follows

Table 1 Characteristics of laboratory liquid waste

No Parameter  Unit Test results
1 CoD mg/L 652

2 pH - 4

3 Suhu °C 25

* Source: primary data, 2018

Tabel 2 Measurement of chemical oxygen demand residual result of degradation of bamboo water plant (Equisetum
hyemale)

Treatments Concentration (ppm)

0 hour 48 hours 60 hours 72 hours
Treatment 1 652 648 642 642
Treatment 2 652 602 522 222
Treatment 3 652 620 498 318

* Source: primary data, 2018

The result of the analysis by using linear regression is shown in the figure 2 and 3. Based on figure 1 shows that chemical
oxygen demand content after treatment using the variation of an amount of bamboo water plant (Equisetum hyemale)
and day variation it can be seen that optimal result obtained from an amount of bamboo water plant (Equisetum
hyemale) 150 stems.
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Figure 2 The level of chemical oxygen demand left over from the laboratory waste is degraded

From the results of the regression equation, it can be seen that the results of rate and model decrease in chemical
oxygen demand content, as follows: treatment 1, regression modeling y = - 3.6 x + 655 with value r2 = 0.9, treatment 2
with regression modeling y = -137 + 842 with value r2 = 0.85, treatment 3, regression modelingy = - 112x + 803 with
value r2=0.91. In the equation it can be shown that the best degradation rate in treatment 2 has the value x = (- 137),
whereas the treatment 1 has the value x = (- 112) and the 3rd has the value = (-3.6) while the negative value at the
equation shows the reduction or degradation of chemical oxygen demand in the study (figure 2). This proves that
bamboo water plants (Equisetum hyemale) including plant species that can be used as a phytoremediation agent (7-9).
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Figure 3 The degradation measurement of chemical oxygen demand concentration
The amount of chemical oxygen demand concentration that is degraded is given in figure 3. The best result was aimed

at second treatment with chemical oxygen demand degraded is 430 ppm with regression equation rate y = 137 x - 190
with best degradation ability. While treatment 1 with the amount of chemical oxygen demand degraded 10 ppm with
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the equation of degradation rate was y = 36 x - 3, and treatment 3 with 334 ppm degraded chemical oxygen demand
with degradation rate y = 112 x - 151 (figure 3).

Phytoremediation is the utilization of plants in the process of reduction and decontamination of environmental
pollution either ex-situ or in-situ or reduction efforts of complex compounds with toxic to simpler compounds that are
not toxic. Bamboo water plant (Equisetum hyemale) has 21% in the bath system (Lead and chromium removal from
leachate using Equisetum hyemale [2].

Based on the effectiveness analysis on bamboo water plant remediation tested on laboratory waste of 150 mL with
initial concentration of chemical oxygen demand = 652 ppm on all treatments, showing that treatment 2 with the
number of bamboo water as many as 150 plants show the best degradation ability compared with the amount of bamboo
water plant 75 plants and 225 plants.

4., Conclusion

Bamboo water plant (Equisetum hyemale) has been proven to be used as a phytoremediation agent that is quite effective
in degrading chemical oxygen demand level. The most effective decrease of chemical oxygen demand concentration was
found in the final treatment result by using 150 stems of bamboo water plant (Equisetum hyemale), validation based on
regression testy = -137 + 842 with value R2 = 0.85.
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