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ABSTRACT

Rawa Pening Lake are the waterbody which it waters comes from a swamp spring,
besides that several rivers empty into Rawa Pening, including Galeh River, Torong
River, Panjang River, Muncul River, Parat River, Legi River, Pitung River,
Praginan River, and Rengas River. Three problems cause damage to the Rawa
Pening Lake ecosystem, namely damage to the water catchment area, damage to
the lake border, and water pollution. This study aims to analyze Dissolved Oxygen
(DO) and Biological Oxygen Demand (BOD) spatially and temporally due to
damage to the lake ecosystem. The method used was Inverse Distance Weighted
(IDW), where 12 sample point locations were taken, 10 sample points representing
each village (lake inlet and utilization), and 2 sample points representing the center
and outlet of the lake. The average DO yield in September 2020 was 6.8 mg / L,
then in October 2020 it was 4.65 mg / L and in November 2020 it was 3.04 mg / L.
Then the average BOD in September 2020 was 3.16 mg / L, then in October 2020
it was 2.6 mg/ L and in November it was 1.53 mg / L, so it can be seen that the DO
variable and BOD both decreased from September to November 2020.

Keywords: Biological Oxygen Demand, Dissolved Oxygen, Distribution Spatial-

Temporal, Inverse Distance Weighted

INTRODUCTION

Rawa Pening is a natural lake that is
dammed for irrigation purposes with 1 river
that comes out (outlet) namely Tuntang and 9
rivers that flow into the lake (inlet). Some of
the tributaries that enter Rawa Pening include
Galeh Sub-Watershed, Torong, Panjang, Legi,
Parat, Sraten, Rengas, Kedung Ringin and
Ringis. Rawa Pening is located in Semarang
Regency, Central Java, bordered by four sub-
districts namely Ambarawa, Tuntang, Bawen,
and Banyubiru (Department of Animal
Husbandry and Fisheries, Semarang, 2007).

The condition of public waters in some lakes
has decreased or degraded, such as in Rawa
Pening Lake. This degradation is caused by
exploitation and excessive utilization (Zulfia
and Aisha, 2013). Such utilization is related
among others for commercial or recreational
purposes of fisheries, the level of exploitation
to meet the needs of fish protein or aesthetic
services, as well as socio-economic aspects
(Cowx, 2002). Until now, the community
around Rawa Pening lake uses the existence
of the lake to meet the needs of food and
family income sources, including fisheries


mailto:1512016013@student.uksw.edu
mailto:1512016013@student.uksw.edu
mailto:2fpb.alfred@uksw.edu
mailto:2fpb.alfred@uksw.edu
https://ejournal.upi.edu/index.php/gea

Handoko, M., Sutrisno, A. J. Spatial and Temporal Analysis Of ... 59

businesses, peat miners, water hyacinth, and
agriculture.The life of an organism in the
water depends largely on the quality of the
water in which it lives. Good water quality
strongly supports the growth of aquatic
organisms, both animals and plants. Water
quality is one of them seen in terms of
chemistry, where chemical elements in water
serve as carriers of nutrients, minerals, and
gases dissolved in water such as DO. Changes
in DO concentration within certain limits also
indicate a change in water quality, the lower
the concentration the lower the quality of the
water. Decreased concentration of 02 will
decrease the physiological activity of living
creatures in water (Susana, 2009). DO is the
concentration of oxygen dissolved in water.
The availability of DO in water determines the
life of shrimp and fish. The presence of DO is
essential for maintaining various forms of
biological life in water (Effendi et al., 2015).
Oxygen plays an important role as an indicator
of water quality, as DO plays a role in the
oxidation and reduction processes of organic
and inorganic matter. Besides oxygen also
determines the biological khan performed by
aerobic or anaerobic organisms (Salmin,
2005). While BOD is a measure of the amount
of oxygen used by microorganisms to
decompose organic matter in water in five
days (Effendi et al.,, 2015). Also, BOD
parameters, in general, are widely used to
determine the level of wastewater pollution.
Determination of BOD is very important to
trace the flow of pollution from the upstream
level to the estuary. Indeed, the determination
of BOD is a bioassay procedure that concerns
the measurement of the amount of oxygen
used by the organism as long as the organism
decomposes the organic matter present in
water, under almost the same conditions as the
conditions in nature. Impact, high low DO and
BOD is very influential on floating net cage
fish and fishing activities; therefore, it is
necessary to provide recommendations on the
standard status of water quality of Rawa
Pening Lake spatially and temporally.

This research needs to be done to
analyze the quality of water spatially and
temporally, caused by land use around Rawa

Pening Lake. The steps taken for this study
are, firstly analyzing water quality based on
DO and BOD parameters using PDO-519
tools, secondly interpolating do and BOD
water quality results by class in September,
October, and November using one of the
spatial interpolation methods which are
weighted reverse distance. Inverse Weighted
Distance (IDW) is an interpolation method
commonly wused in spatial interpolation
analysis (Yaxin et al., 2012). In the IDW
method, it is assumed substantially that the
degree of correlation and similarity between
neighbors is proportional to the distance
between them which can be defined as a
function of the recoil distance from each point
of the neighboring point (Agung and Tamia,
2013). The Weighted Inverse Distance of this
method is used to predict the value of a point
to know using the values of a known point
(Xie et al.,, 2011). The third is to create a
standard spatial distribution map of water
quality using Geographic Information System
(SIG), which is a computer-based spatial
information system involving ArcGIS 10.4
software.

RESEARCH METHODS
Research Location and Time

The research was conducted in August —
November 2020 at Rawa Pening Lake,
Semarang Regency, Central Java. Rawa
Pening is located in Semarang Regency,
Central Java, bordered by four sub-districts,
namely Ambarawa, Tuntang, Bawen and
Banyubiru. The area is located in a
geographical position between 7°4'-7°30" LS
and 110°24'46"- 110°49'06" E (Figure 1) and
is at altitudes between 455-465 meters above
sea level (dpl) and is surrounded by three
mountains: Merbabu, Telomoyo, and Ungaran
(Fadilah et al.,, 2018). The Ministry of
Environment (2011) stated that the benefits of
Rawa Pening Lake are for land fishery
activities both  natural  fisheries and
aquaculture fisheries, tidal rice fields, and
handicraft raw materials from water hyacinth.
The research location of Rawa Pening Lake
can be seen in figure 1.
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Figure 1. Research Site in Rawapening Lake

Population and Research Samples

Sampling took 12 sample points, 10
sample points representing each village
(inlet and lake utilization) and 2 sample
points representing the middle and outlet of
the lake. Where sampling and monitoring of
water quality in Rawa Pening Lake is based
on SNI 6989.57:2008; where the river enters
the lake/reservoir, in the middle of the
lake/reservoir, the location of water tapping

for utilization and the place of discharge of
lake  water/reservoir.  Locations  for
sampling, as well as identification, are done
in different places. Determination of
sampling location based on consideration
and type of activities carried out by the
community around Rawa Pening Lake area.
The location of the 12 sample point
monitoring stations can be seen in Table 1.

Table 1. Sampling station coordinate location

Point Coordinates Description
Latitude Longitude
S1 110°27'4.77"T 7°17'58.51"S Candirejo and Rowosari
S2 110°27'2.15"T 7°17'20.14"S Kesongo
S3 110°27'3.35"T 7°16'57.38"S Lopait
S4 110°26'59.69"T 7°16'32.66"S Tuntang
S5 110°26'58.73"T 7°15'54.79"S Outlet Danau
S6 110°26'45.21"T 7°16'7.08"S Asinan
S7 110°25'46.40"T 7°16'22.67"S Tambakboyo
S8 110°25'11.98"T 7°16'34.74"S  Kupang dan Bejalen
S9 110°25'6.14"T 7°17'22.99"S Banyubiru
S10 110°25'16.99"T 7°17'58.99"S Kebondowo
S11 110°25'46.95"T 7°18'29.70"S Rowoboni
S12 110°25'65.34"T 7°17'31.85"S Tengah Danau

Source: Global Positioning System (GPS)



Handoko, M., Sutrisno, A. J. Spatial and Temporal Analysis Of ... 61

Data Collection Methods

Water  sampling techniques are
conducted by grab samples, namely the
method of sampling directly in the water
BODy that is studied and adjusted to SNI
6989.57:2008, about the method of sampling
surface water. Sampling for lake water quality
measurement  which includes chemical
conditions namely DO and BOD is measured
using PDO-519 Tool, with DO treatment
measured directly at Rawa Pening Lake in
each station. While the BOD test was
conducted in the Chemistry Laboratory of
Satya Wacana Christian University, to obtain
BOD data, sampling was conducted using a
dark bottle measuring 150 ml, then stored in a
room temperature of about 20 °C for 5 days,
after 5 days measured again using PDO-519.
The principle of measurement of BOD is quite
simple, namely measuring the initial dissolved
oxygen content of DOO and DO5 then the
value of DOO (first day) minus the value of
DO5 (fifth day) is the value of BOD expressed
in milligrams of oxygen per liter (mg/L)
(Riyanda,2013). Then measure the DO
content in the sample that has been incubated
for 5 days, assuming that during that time the
percentage of reaction is quite large from the
total BOD (Yulis et al., 2018). Incubation
serves as sample isolation to see how much
DO decreases in water in dark places and
temperatures of 20°C, therefore
microorganism activity is limited so that
oxygen reduction is minimal (Ardhiani,
2016). The temperature should be kept
constant at 20°C which is a common
temperature in nature. However, in tropical
areas such as Indonesia, it could be that the
temperature of this incubation is not
appropriate. Tropical water temperatures
generally range from 25-30°C, with relatively

lower incubation temperatures causing the
activity of decomposing bacteria is also lower
and not optimal as expected so that in this
study obtained a fairly small BOD value that
has not described the results of overall
oxidation of microorganisms (Yulis et al.,
2018).

Data Processing and Analysis Methods
Data analysis in this study using spatial
interpolation, wused to determine the
distribution of DO and BOD in Rawa Pening
Lake further, the basic principles of spatial
interpolation is to create a surface that models
the phenomenon of samples in the best way.
There are 12 sampling points in this study,
points determined by a random distance at
which each point represents the use of Rawa
Pening Lake. This study uses one of the spatial
interpolation methods which is weighted
reverse distance. IDW is an interpolation
method commonly used in  spatial
interpolation analysis (Yaxin et al., 2012). In
the IDW method, it is assumed substantially
that the degree of correlation and similarity
between neighbors is proportional to the
distance between them which can be defined
as a function of the recoil distance from each
point of the neighboring point (Agung and
Tamia, 2013). Weighted inverse distance This
method is used to predict the value of a point
to know using the values of a known point
(Xie et al., 2011). Where Z(x) is the value of
the point to be known, n is the number of
sample points, Zi is the value of the known
sample point. The distance between the
known sample point and the sample point you
want to know is at, and you are the weight
value based on distance (Sutrisno et al., 2018).

Z? =1?
Z(x) = S 1)
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FINDINGS AND DISCUSSION

Dissolved Oxygen (DO) spatial and
temporal distribution DO is the amount of
dissolved oxygen in water derived from
photosynthesis and atmospheric/air
absorption (Sari and Wijaya, 2019). The
average DO concentration in September
2020 was 6,8 mg/L with maximum
concentrations of 9,6 mg/L in Candirejo,
Rowosari (S1), Kesongo (S2), and
Banyubiru (S9). The minimum
concentration is 2 mg/L in Kebondowo
(S10).

Based on the classification of water quality
is determined into four classes, namely class
I used for drinking raw water, class Il is used
for water infrastructure / recreational
facilities, class 111 is used for freshwater fish
cultivation and animal husbandry, and class
IV is used to irrigate crops. From Figure 2 it
appears that the DO score in September,
there are 8 points included in class I, 3 points
including class I, and 1 point including class
V.
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Figure 2. Results of Dissolved Oxygen (DO) Spatial Distribution in September

As of October 2020, the average DO
concentration has decreased from 6.8 mg/L
in September to 4.65 mg/L in October, with
a maximum concentration of 9.7 mg/L in
Candirejo and Rowosari (S1) and a
minimum concentration of 1.0 mg/L in

Tuntang (S4). From Figure 3 it appears that
the DO score in October, there are 4 points
including class 1, 2 points including class II,
1 point including class Ill, and 5 points
including class IV.
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Figure 3. Results of Dissolved Oxygen (DO) Spatial Distribution in October

The average DO in November at each concentration of 0.9 mg/L in Kesongo (S2).
station did not include class | and decreased. From Figure 4 it appears that the DO score
The average DO has decreased from 4.65 in November, there are 3 points included in
mg/L in October to 3.04 mg/L in November, class 11, 3 points including class 11, and 6
with a maximum concentration of 5.4 mg/L points including class IV.
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Figure 4. Results of Dissolved Oxygen (DO) Spatial Distribution in November



64 Jurnal Geografi Gea, Volume 21, Nomor 1, April 2021

Based on Government Regulation
no. 82 of 2001 concerning Water Quality
Management and Water Pollution Control,
quality standards for class | DO parameters
> 6 mg/L, class Il 4-6 mg/L, class Il 3-4
mg/L, and class IV 0-3 mg/L. When
viewed in Figures 2, 3, and 4 and explained
above, the magnitude of the DO value
when the movement from station 1 to the
next station is increasingly changing, it is
influenced by the diffusion speed of
oxygen from the air, depending on several
factors such as water turbidity,
temperature, water mass movement,
currents, waves and tides (Sahrijanna and
Septiningsih, 2017).

The higher the DO, the better the
water will be, and do it at a relatively
higher low temperature (Novianti, 2018).
Temperature also affects the ability of
water to absorb oxygen from the air
(Effendi and Wardiatno, 2015). This ability
affects the decomposition capability of
organic matter by microbes. Temperature
and dissolved oxygen have opposite
directions, but dissolved oxygen levels on
the surface are generally higher due to the
diffusion process between water and free
air and photosynthesis (Gemilang et al,
2017). DO is the concentration of dissolved
oxygen in water, its presence is essential
for maintaining various forms of biological
life in water and the effects of waste
disposal in the BODy of water are largely
determined by the balance of oxygen
(Effendi and Wardiatno, 2015). In S5, S7,
S10, and S12 DO values experience ups
and downs in each month, where at this
point in September to October do values
increase, Device (2014) states that the
increase in dissolved oxygen value is
caused because the water hyacinth plant
has performed absorption process through
the root.

While in October to November, S5,
S7, S10, and S12 decreased, in this month
there was rain, therefore, household waste is
very quickly spread through the flow of
times so that there is turbidity on the surface
of the water and flows on the Lake Outlet

(S5) and spread in the Middle of the Lake
(S12) carried by currents and waves
(Sahannarij and Septiningsih, 2017). In S1,
S2, S3, S4, S6, S8, and S9 decreased in
September to November, according to Sari
and Wijaya (2019) the low DO value due to
the process of photosynthesis by
phytoplankton at the river base is so low that
oxygen levels dissolved in water become
low. This can affect the performance and
survival of biological communities, and
below 2 mg/L can lead to fish death (Yulistia
et al., 2018). At this point, in October and
November, there is the dredging of the lake
so that the water becomes murky which
makes it difficult for light to enter the water
so that the process of photosynthesis
conducted by phytoplankton is disrupted and
causes DO to below, according to Utami
(2012) light is the main need for
phytoplankton in  the process of
photosynthesis. In September 2020 DO
measurement starts at 06.24 — 14.39,
October 2020 starts at 06.17 — 09.43 and
November 2020 starts at 06.26 — 11.17.

The average do and temperature
measurement time starts at 06.00 where
sampling of the starting point is done when
sunlight begins to enter the water but the
further to the next point the sun begins to
scorch, this affects the process of
photosynthesis to produce oxygen in the
waters (Patty, 2014). According to Patty
(2014) said that the main source of oxygen
in the waters other than the process of
oxygen diffusion from the air is from the
photosynthesis of phytoplankton, so the high
oxygen content in the waters will
characterize the high abundance of
phytoplankton organisms in those waters.
Therefore, the correlation of temperature to
dissolved oxygen on the surface of the water
has a direct relationship, where when the
temperature rises then the dissolved oxygen
will increase, thus the increase in
temperature in the waters will cause a
decrease in the level of dissolved oxygen in
the waters (Agustiningsih, 2012). The results
showed the average value of DO values S1,
S2, S3, S4, S6, S8, and S9 each month
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decreased therefore if seen from the criteria
of DO then Rawa Pening Lake water does
not meet the criteria as a raw material for
drinking water (class 1). Spatial and
Temporal Distribution of Biochemical
Oxygen Demand (BOD)

The average BOD concentration in
September 2020 was 3.16 mg/L with a

maximum concentration of 7.4 mg/L in Lopait
(S3), the minimum concentration of 0.2 mg/L
di Kebondowo (S10), and Central Lake (S12).
From Figure 5 it appears that BOD score in
September, there are 5 points not included in
the class (below the class quality standard), 2
points including class I, 3 points including
class 1, and 2 points including class I11.
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Figure 5. Results of Spatial Distribution of Biochemical Oxygen Demand (BOD) in September

The average BOD concentration in
October 2020 was 2.6 mg/L with a maximum
concentration of 7.1 mg/L in Tambakboyo
(S7), minimum concentration 0.1 mg/L di
Tuntang (S4). From Figure 6 it appears that

BOD values in October, there are 7 points not
included in the class (below the class quality
standard), 1 point including class I, 2 points
including class 11, and 2 points including class
II.
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Figure 6. Results of Spatial Distribution of Biochemical Oxygen Demand (BOD) in

October

Average BOD concentrations have
decreased from 2.6 mg/L in October to
1.53 mg/L in November, with a maximum
concentration of 3.9 mg/L in Rowoboni
(S11) and a minimum concentration of 0.1
mg/L in Kesongo (S2). From Figure 7, it

appears that BOD scores in November, 8
points are not included in the class (below
the class quality standard), 2 points
including class I, and 2 points including

class 1.
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Based on PP No. 82 of 2001, the
quality standard for class | BOD
parameters is 2-3 mg/L, Class Il is 3-6
mg/L, class I11is 6-12 mg/L and class IV is
< 12 mg/L. If seen in Figures 5, 6, and 7
and the explanation above, the activities
carried out by the community at each
station are wused as water hyacinth
handicrafts, tourism places, fish farming
activities, floating net grazing, fishing, and
cleaning water hyacinth. BOD values in
September 2020 at S2 (7.1 mg/L) and S3
(7.4 mg/L), BOD values in October 2020 at
S5 (6.8 mg/L) and S7 (7.1 mg/L) have
passed the grade Il water quality standard
threshold values. According to Saputra et
al (2017). The high BOD value indicates
that the amount of oxygen needed by
microorganisms to oxidize organic matter
in the water is high, this means that in the
water there is already an oxygen deficit.
The result of the disposal of the rest of KIA
feed is an organic waste that can rot or
degrade by microorganisms, so this will
increase the population of microorganisms
in the water. According to Pamungkas
(2016) stated that BOD can reflect the level
of pollution of a BODy of water by organic
waste, the higher the value of BOD means
the greater the level of pollution and other
factors that affect the value of BOD
include: the type of waste, water
temperature, and overall water conditions,
besides BOD examination, is needed to
determine the pollution burden due to
wastewater residents or industry, as well as
to design the right biological treatment
systems for the polluted water.

In S1, S5, S7, S8, S11, and S12 BOD
values experience ups and downs every
month, where at this point in September-
October BOD values have increased,
Muthifah et al (2018) stated that BOD
value is suspected of fish farming activities
and domestic waste in lake waters that
cause the content of organic matter to be
high. where S1, S7, and S8 there are flow
times and close to fertilization, while for
S5, S11, and S12 there are fish farming
activities and peatland miners’ activities

that cause BOD to be high. Judging from
the opinion of Tatangindatu et al (2011) the
high BOD is due to the amount of oxygen
that microbes need to oxidize organic
matter in high waters. The results of
observations made at the time of the study
there are remaining fish feed that is not
cleaned in the waters of Rawa Pening Lake,
Tobing et al (2014), and Yuningsih et al
(2014), stated that the rest of the feed can
cause an increase in organic matter in the
water increased, due to the buildup of
organic matter in the waters that cause the
decomposition process by decomposition
organisms are increasing.

The greater BOD concentration of
water, indicating the concentration of
organic matter in the water is also high (Ali
etal., 2013). BOD values in S4 and S9 each
month decreased (low). According to
Muthifah et al (2018), the low value of
BOD is influenced by the decrease in
temperature value, resulting in lower BOD
levels. Also, the low value of BOD is due
to the lack of pollutant sources in S4 and
S10. The results showed the average value
of BOD at points S1, S5, S7, S8, S11, and
S12 each month increased therefore if seen
from the criteria of BOD then the water of
Rawa Pening Lake does not meet the
criteria as raw materials for drinking water
(class 1). Based on its BOD concentration,
reawakening lake water is no longer
suitable when used for drinking raw water
and recreational facilities, but aquaculture
activities show no problem.

CONCLUSIONS

Do score in September 2020 there are
8 points including class I, 3 points
including class Il, and 1 point including
class IV, in October 2020 there are 4 points
including class |, 2 points including class
I1, 1 point including class I11, and 5 points
including class 1V, as of November 2020
there are 3 points included in class Il, 3
points including class Il and 6 points
including class IV. Monthly DO changes
are caused by household waste and lake
dredging activities. Then the BOD score in
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September 2020 2 points include class I, 3
points including class I1, 2 points including
class 11, and 5 points excluding classes, In
October 2020 there was 1 point included in
class I, 2 points including class 11, 2 points
including class Il and 7 points not
included in the class, while in November
2020 there were 2 points included in class
I, 2 points including class Il and 8 points
not included in the class. BOD changes
every month due to the rest of fish feed and
household waste.

RECOMMENDATION

Based on the results of the study,
the value of DO and BOD in each month
decreased so that the value of DO and
BOD in Rawa Pening Lake has been
included in the category of danger,
therefore researchers recommend to;
increase wastewater management that
goes directly into the river and increase
socialization to the community of waste
and waste problems.
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