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ABSTRACT

Human activities may cause degradation of water quality. For monitoring purpose, it is necessary to know the
level of pollution that occurs in water in order to sustain the function of the aquatic ecosystem. The purpose of this
study was to determine the level of water pollution of Menjer Wonosobo Lake based on the physical, chemical,
and biological parameters to evaluate the best function of the water to support the human activities. The study was
conducted for three months (July to September 2020). Water sampling was carried out at seven stations; then, the
measurement results were compared with the water quality standards based on Government Regulation No. 22 of
2021. Determination of water quality was carried out using the STORET method. The results showed that there
were 7 parameters that exceeded the water quality standards, namely TSS, BOD, COD, DO, N, P and Coliform.
The status of water quality was at a moderately polluted level and only functions for the needs of category 3, i.e.
for freshwater fish cultivation, for irrigating plants, and or other purposes. Therefore, it was necessary to manage

Menjer Lake to improve its water quality.
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INTRODUCTION

Menjer Lake is a lake formed by the erup-
tion of Mount Pakuwaja. This lake is located at
an altitude of 1,300 above sea level, namely in
the Maron Village, Garung District, 12 kilome-
ters north of the city of Wonosobo, Central Java
Indonesia. In the rainy season, this lake occupies
a basin area of 70 hectares with a water depth of
45 meters. However, outside of the rainy season,
the water level drops to 20 meters (Kumalasari
etal., 2015).

Menjer Lake is used by local residents for
tourism, agricultural irrigation, and floating net
cages (Kumalasari et al., 2015). In addition, since
1982 it has been used as a Hydroelectric Power
Plant. This hydropower plant produces 48 GWh
of electricity per year, on average (Amalia, 2016).
The sustainability of the ecosystem function of

Menjer Wonosobo Lake needs to be considered in
terms of the benefits for the surrounding commu-
nity in meeting the needs of life. However, human
activities often cause water pollution. Therefore, it
is necessary to know the level of pollution that oc-
curs in the waters of Menjer Lake (Suharto et al.,
2019). According to Law of the Republic of Indo-
nesia No. 32 of 2009 concerning Environmental
Protection and Management, pollution means the
entry and inclusion of living things, substances,
energy, and/or other components into the envi-
ronment by human activities so that they exceed
the established environmental quality standards.
Meanwhile, the environmental quality standard is
a measure of the limit or level of living things,
substances, energy, or existing components/pol-
luting elements the existence of which is tolerated
in a certain resource as an element of the environ-
ment. On the basis of the Government Regulation
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of the Republic of Indonesia Number 22 of 2021
concerning Water Quality Management and Wa-
ter Pollution Control, the water quality status is
the level of water quality conditions that indicate
polluted conditions or good conditions in a water
source within a certain time by comparing with
the water quality standards set. Classification of
water quality or water pollution level is set into
four classes, namely first class for drinking water
quality standards, second class for water recre-
ation quality standards, freshwater fish farming,
animal husbandry, and agriculture, third class
for freshwater fish farming and agriculture, and
fourth grade for agricultural irrigation. Human
activities tend not to pay attention to the function
of aquatic ecosystems (Purboseno, 2014). The
changes in land use due to development pressures
worsen the condition of waters. This is the main
cause of the decline in water quality so that it in-
terferes with the water allocation of Menjer Lake.
Therefore, the purpose of this study was to assess
the water quality of Menjer Lake and determine
its status. Determination of the water quality sta-
tus of Menjer Lake is very important to be used
as a reference for environmental practitioners and
policy makers in an effort to minimize pollution,
preserve and maintain the ecosystem function of
Lake Menjer Wonosobo through limiting the hu-
man activities in the waters of Menjer Lake so
that its function continues to run but the pollution
status can be minimized.

MATERIAL AND METHODS

The research was conducted using a survey
method in the waters of Menjer Lake. Water sam-
pling was carried out at seven stations covering
the tourism area, the floating net cage area, the
agricultural area, the middle area of the lake, the
spring area, the inlet area of the Serayu River, and
the outlet area. Determination of stations was per-
formed via purposive sampling which represents
the entire ecosystem of the lake. Sampling was
carried out three times for three months (July,
August and September, 2020) with an interval of
once a month. The schematic for the location of
water sampling is presented in Figure 1.

The data taken include physical data (tem-
perature, TDS and TSS), chemical data (pH, DO,
BOD, COD, N and P), and biology (Total Coli-
form). The data obtained was in the form of in
situ parameter measurement data (temperature,
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pH), and the data obtained through laboratory
tests of each sample taken from each station. The
sampling of water from each station was carried
out during the day using a water sampler on the
surface of the lake waters (20 cm deep) as much
as one liter and placed in a sample bottle. The wa-
ter samples from the field were analyzed in the
Wahaya Semarang laboratory.

In order to determine the status of water qual-
ity, the STORET method was used, referring to
the Decree of the Minister of the Environment
Number 115 of 2003. In principle, the STORET
method is to compare the water quality data ob-
tained with the adjusted quality standard to de-
termine the status of water quality. Through the
STORET method, the parameters that meet and
exceed the water quality standards can be known.
The calculation of the STORET method clas-
sifies water quality into four classes; Class A is
very good, score of 0 (meets the quality standard),
Class B is good, score of -1 to -10 (lightly pol-
luted), Class C is moderate, score of -11 to -30
(moderately polluted), and Class D is bad, score
of > -31 (heavily polluted).

Determination of the water quality status us-
ing the STORET method is carried out with the
following steps: first step is by comparing the
measurement data of each water parameter with
the value of the quality standard according to
the water class. If the measurement results meet
the quality standard value (measurement result
< quality standard), then it is given a score of 0.
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Figure 1. Sampling stations (Google Maps,
2020): 1) tourist, 2) flouting net cage,
3) agriculture, 4) middle, 5) water springs,
6) inlet of Serayu river, 7) outlet
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Moreover, if the measurement results do not meet
the water quality standards (measurement results
> quality standards) then a score is given accord-
ing to the parameter group and the amount of data
as shown in Table 1.

Determination of water class is done by com-
paring the concentration of water quality param-
eters as stated in Government Regulation No. 22
of 2021 compared to the water quality standards
for class I, class 1II, class III and class IV for each
of these parameters. Water quality classification
is set into 4 (four) classes. Class I is the water
that can be used for drinking raw, and or other
designations that require the same quality as that
use. Class II is the water that can be used for wa-
ter recreation infrastructure or facilities, freshwa-
ter fish cultivation, animal husbandry, water for
irrigating crops, and or other designations that
require the same quality as those uses. Class III
is the water that can be used for freshwater fish
cultivation, animal husbandry, water for irrigat-
ing crops, and or other designations that require
the same for that use. In turn, Class IV is the wa-
ter that can be used to irrigate crops, and or other
uses that require the same quality as that use.

Table 1. Determination of value system to determine
water quality status

Number Parameter
of Score
samples Physics | Chemical | Biology
Maximum -1 -2 -3
<10 Minimun -1 -2 -3
Average -3 -6 -9
Maximum -2 -4 -6
>10 Minimum -2 -4 -6
Average -6 -12 -18

RESULTS AND DISCUSSION

The level of water pollution is based on
the number of pollutant elements contained in
the waters and is determined as the water qual-
ity standard value. If the amount of pollutant
has exceeded the specified quality standard, it
means that its presence can cause harm to living
things that use the waters (Piranti et al., 2018).

The water quality status of Menjer Lake
at the time of the study, when compared with
class I and II water quality standards, showed
that at all stations the condition was heavily
polluted, but when compared to classes III and
IV, it showed that at all stations the conditions
were moderately polluted and met standard
(Table 2). This shows that Menjer Lake water
is not suitable if used for class I and II, as a
raw source of drinking water and recreational
water, but is said to be feasible if used for class
III and IV for aquaculture and irrigating crops.

On the basis of the STORET analysis, it was
shown that there are 7 parameters that exceed
the water quality standards, namely TSS, BOD,
COD, DO, N, P and Coliform, as shown in the
following Table 3.

The concentration of Total Suspended Solid
(TSS) at all stations is already high, ranging from
143.38 to 190.28 mg/l. This shows that it has ex-
ceeded the water quality standards for classes I,
II, and III, but is below the water quality stan-
dards for class IV (Figure 2.). On the basis of the
TSS concentration, Menjer Lake is still suitable
if used to irrigate crops, but it is not suitable for
drinking water, recreational water needs, or cul-
tivation purposes.

Table 2. Water quality status of Menjer Lake based on STORET Index

Class | Class Il Class Il Class IV
Station STORET | Water quality | STORET | Water quality | STORET | Water quality | STORET | Water quality
Index status Index status Index status Index status
) heavily ) heavily ) moderately

1 62 polluted 54 polluted 15 polluted 0 meet standard

> 60 heavily 58 heavily 15 moderately 0 meet standard
polluted polluted polluted

3 62 heavily 62 heavily 15 moderately 0 meet standard
polluted polluted polluted

4 60 heavily 50 heavily 15 moderately 0 meet standard
polluted polluted polluted

5 60 heavily 52 heavily 15 moderately 0 meet standard
polluted polluted polluted

6 60 heavily 50 heavily 15 moderately 0 meet standard
polluted polluted polluted

7 60 heavily 52 heavily 15 moderately 0 meet standard
polluted polluted polluted
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Table 3. The measurement of water quality compared to water quality standards

Quality standards
No Parameter Unit Concentration
Class | Class Il Class lll Class IV
1 TSS mg/l 143.38-190.28 25 50 100 400
2 BOD mg/l 4.58-5.22 2 3 6 12
3 COD mg/l 22.24-25.29 10 25 40 80
4 DO mg/l 3.53-3.84 6 4 3 1
5 N mg/l 4.47-8.49 0.65 0.75 1.90 -
6 P mg/l 0.22-0.29 0.01 0.03 0.1 -
7 Coliform /100 ml 2,100-6,100 1,000 5,000 10,000 10,000
450 400 400
400
350
3 250
g 2 190,28
178,41 180,19 ’ 169,20
{ 200 142,77 15514 143,38
= 150
100 50 50
50
0
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Figure 2. Distribution of TSS compared to water quality standard

Total Suspended Solid (TSS) is a suspended
material retained in a milli-pore sieve with a
pore diameter of 0.45 m. TSS consists of mud,
fine sand and micro-organisms caused by soil
erosion carried into water bodies (Nurfatimah
et al., 2019). In addition, TSS can also come
from human activities, especially household ac-
tivities, waste originating from the agricultural,
livestock, and industrial sectors (Rahayu et al.,
2018). The high TSS is due to the increase in or-
ganic matter sourced from domestic waste, fish
metabolism and feed residue that accumulates
in the waters (Muthifah et al, 2018). TSS can
increase the value of turbidity, so that it affects
the penetration of sunlight into the waters. This
affects the process of photosynthesis of aquatic
plants which will further reduce the supply of
dissolved oxygen and increase the supply of CO,
in the waters (Azizah, 2017).

Chemical Oxygen Demand (COD) and Bio-
chemical Oxygen Demand (BOD) are measures
of the amount of organic matter in a waters
(Daroini and Arisandi, 2020). Waters are indi-
cated to be polluted by organic matter if they
have high COD and/or BOD values or exceed
the water quality standard limits (Christiana et
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al., 2020). COD is the oxygen requirement for
the chemical decomposition of organic matter,
while BOD is the amount of dissolved oxygen
required by microorganisms to decompose or-
ganic matter under aerobic conditions (Santo-
s0, 2018). The high COD and/or BOD in water
bodies is caused by the anoxide condition at
the bottom of the water which describes the
slow decomposition process of organic matter
at the bottom of the waters.

According to Pujiastuti et al. (2013), residual
metabolism in fish and feeding fish using pallets
can increase the COD value caused by the accu-
mulation of organic matter in the waters. In turn,
the high BOD in waters is due to the amount of
oxygen needed by microbes to oxidize organic
matter in high waters (Tatangindatu ef al., 2011).

The COD concentration in Menjer Lake
ranges from 22.24 to 25.29 mg/l. This shows
that it has exceeded the water quality standards
for classes I and II, but is below the water qual-
ity standards for classes III and IV (Figure 3.).
On the basis of the COD concentration, Menjer
Lake is still suitable when used for cultivation
and irrigating crops, but is not suitable for drink-
ing water and recreational water needs.
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The BOD concentration in Menjer Lake
ranged from 4.58 to 5.22 mg/l. This shows that
it has exceeded the class I and Il water quality
standards, but is below the class III and IV water
quality standards (Figure 4). On the basis of the
BOD concentration, Menjer Lake is still suitable
when used for cultivation and irrigating crops, but
is not suitable for drinking water and recreational
water needs.

A high BOD value in a water indicates that
the water has been polluted by organic matter.
The activity of floating net cages in the waters of
Menjer Lake is one of the causes of the high BOD
in the Menjer Lake waters.
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The DO concentration in Menjer Lake ranges
from 3.53 to 3.84 mg/l. This shows that it is not
in accordance with the water quality standards of
class I and II, but is still in accordance with the
water quality standards of class Il and IV (Figure
5). On the basis of theDO concentration, Menjer
Lake water is still suitable when used for culti-
vation and irrigating crops, but not suitable for
drinking water and recreational water needs.

The content of dissolved oxygen (Dissolved
Oxygen) plays a role in determining the num-
ber of organisms in a water (Soliha et al., 2016).
The higher the BOD and COD values, the lower
the DO value (Muthifah et al., 2018). The low
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Figure 3. Distribution of COD compared to water quality standard
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Figure 4. Distribution of BOD compared to water quality standard
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Figure 5. Distribution of DO compared to water quality standard
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DO value is due to the entry of household waste
and fish farming using floating net cage activity
which triggers an increase in organic matter in the
waters so that it requires a lot of oxygen to carry
out the decomposition process. The decrease in
dissolved oxygen as a result of organic waste can
reduce the efficiency of oxygen uptake for aquatic
biota, thereby reducing their ability to live nor-
mally. (Anas et al, 2017).

The TN concentration obtained from the
Menjer Lake water sample test ranged from 4.47
to 8.49 mg/1 (Figure 6).

On the basis of Figure 3.5. it was shown that
the concentration of TN has exceeded the class
I, IT and III water quality standards (Class IV is
not defined). This means that based on the total
P content, the water from the lake in all locations
has exceeded the quality standards required for
classes I, II, III, and the water was satisfy for sc-
tandard for class IV.

The high level of TN in a waters is influenced
by several factors. One of the most influencing
factors is the presence of leftover feed from cul-
tivation and the large number of residential areas

9,00 | 836 g21 8,49
8,00
7,00

6,00 5,49

4,93
5,00

4,00
3,00
2,00
1,00
0,00

Total N mg/L

Stasiun

in the catchment area (Alfionita et al., 2019). Ac-
cording to Putri et al. (2014), floating net cage
contributes nitrogen in waters, namely in the form
of uneaten feed residue, fish feces, and fish meta-
bolic waste in the form of ammonia and urea.

The TP concentration in Menjer Lake is in the
range of 0.22 — 0.29 mg/l. This shows that it has
exceeded the class I, II and III water quality stan-
dards (Class 1V is not defined). This means that
based on the total P content, the water from the
lake in all locations has exceeded the quality stan-
dards required for classes I, II, 111, and the water
satisfied the standard for class IV (Figure 7).

The high content of TP in Telaga Menjer
may be caused by the activities in the lake such
as fish cultivation using floating net cage, and
the lake border area which is supposed to be a
conservation area but is planted with agricultur-
al crops such as chili, corn, long beans and fer-
tilization is also carried out. The catchment area
of Telaga Jerger is located in the mountainous
area of Dieng Wonosobo, which is in a very poor
condition due to the conversion of land from for-
est to agricultural land, thereby increasing the

482, .
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0,65 0,75

Figure 6. Distribution of N compared to water quality standard
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Figure 7. Distribution of P compared to water quality standard
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concentration of lake nutrients. This condition
triggers the occurrence of microcystis blooms in
the lake (Piranti et al, 2021).

The reduction in the concentration of Total P
can be done by limiting the human activities in
the catchment which can be a source of P in the
waters, for example excessive use of fertilizers,
and floating net cage activity on the lake. Total
phosphorus input from catchment area to lake
will cause the eutrophication conditions. Eutro-
phication is the enrichment of waters, especially
by nitrogen and phosphorus, causing uncontrolled
growth of algae and aquatic plants. The source
of nitrogen and phosphorus mainly comes from
agricultural fertilizers, fisheries, and household
waste. The most obvious effects of eutrophica-
tion is the blooming of algae and aquatic plants. P
reduction can be done by limiting human activi-
ties in the catchment area such as excessive use
of fertilizers, domestic activities and industrial
waste (Piranti et al, 2021).

Eutrophication is the enrichment of waters by
nutrients, especially nitrogen and phosphorus, re-
sulting in uncontrolled growth of aquatic plants
(Nopiantari et al., 2017). The impact of the abun-
dance of aquatic plants causes the water quality
problems to decrease (Piranti et al, 2021). The
main sources of nitrogen and phosphorus mainly
come from agricultural activities, fisheries, indus-
try, and household waste (Alfionita et al., 2019).

Water quality indicators are also based on bi-
ological parameters, namely the total number of
coliform bacteria that exceeds 1,000/100 ml for
class I water quality standards, 5,000/100 ml for
class II water quality standards, and 10,000/100
ml for class III and IV water quality standards.
Coliform bacteria do not cause disease, but can
indicate that disease-causing organisms can be
present in water. Coliform bacteria can be found

12 000
10 000
8000
6 000

4000

Coliform /100ml

2 000

™1 TM2 TM3

Stations

T™M4 TM5

in the environment, such as in soil and water that
has been affected by surface water and human and
animal waste (Mokodampit ez al., 2020). During
rain, water will carry human and animal waste
which seeps into the ground or flows into water
sources (Sumampouw, 2017). Coliform bacteria
can be used as an indicator of fecal contamination
or human and animal waste in the waters (Lihawa
and Mahmud, 2017).

Water quality indicators are also based on
parameters biology, namely the total number of
coliform bacteria not to exceed 1000/100 ml for
BMA class 1 water, 5,000/100 ml for Class II
standard, and 10,000/100 ml for the standard of
Class III and IV. Coliform bacteria do not cause
disease. However, their presence in water indi-
cates that disease-causing organisms (pathogens)
can be present in the water system. During obser-
vation, the number of coliform bacteria contained
in the Menjer Lake water was about 2,100/100 ml
—6.100/100 ml (Figure 8).

On the basis of Table 8. when it was com-
pared with the designation standard, then stations
6 (inlet from Serayu River) and 7 (Telaga Men-
jer outlet, intake power generation) are still quite
good (below standard of class I1). At the other sta-
tions it has exceeded the class II, although it is
still below the class II1.

The summary of water quality status based on
the parameters that exceed the appropriate stan-
dard its designation is shown in Table 4.

Table 4 shows that Lake Menjer could not sat-
isfy to the BMA class I and II, only meeting the
standard of Class III and IV. This meant that the
water of Menjer Lake was not feasible if used as
raw water for drinking water and water recreation,
but can only be used for fisheries and irrigation.
There were 7 parameters that showed that the water
of Lake Menjer could be used for fishing activities

10000 10000

TM6 TM7 Class| Class Il Class llIClass IV

Figure 8. Distribution of coliform compared to water quality standard
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Table 4. The measurement of water quality compared water quality standards

No Parameter Unit Conc. Qualty status
Class | Class Il Class Il Class IV

1 TSS mg/| 165.62 No No Yes Yes
2 BOD mgl/l 4.89 No No Yes Yes
3 COD mg/| 23.67 No No Yes Yes
4 DO mgl/l 3.72 No No Yes Yes
5 TN mgl/l 10.01 No No Yes Yes
6 TP mg/| 0.25 No No Yes Yes
7 Coliform /100 ml 10.16 x 10° No No Yes Yes

(Class III) and irrigation (Class IV) or other des-
ignations which requires the same water quality
as those uses. Those parameters are TSS, BOD,
COD, DO, Total N, Total P and Total Coliform.

CONCLUSIONS

The status of water quality was at a moderate-
ly polluted level and only functions for the needs
of category 3, i.e. for freshwater fish cultivation,
for irrigating plants, and or other purposes. There-
fore, it was necessary to manage the Menjer Lake
to improve its water quality.
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