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Abstract

Various studies using physical, chemical, and biological parameters have
shown that the Babon River is lightly to heavily polluted. Using the Babon
River as a raw water source for drinking water requires better and stricter
management to control river pollution. This study aimed to determine the
pollution load, assimilation capacity, and pollution status of the Babon
River using TSS, TDS, nitrate, phosphate, total phosphate, metals Cd,
Cr, and Pb. Water sampling was conducted three times a year at two-
month intervals at seven stations representing the upstream, middle, and
downstream parts of the river. This study showed that the pollution load
of Babon River exceeded the assimilation capacity for TSS, nitrates, Cd,
Cr, and Pb. For TSS, phosphate, and total phosphate, the pollution load
was within the river's assimilation capacity. The water pollution index
of the Babon River ranged from 3.884 to 5.395. This indicates that the
Babon River was polluted at mild to moderate levels from the upstream
to the downstream regions.
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Introduction

Semarang Bay is part of the Java Sea waters,
stretching from Tanjung Korowelang in Kendal
Regency to the coast of Morodemak, Demak
Regency, at a distance of about 23 miles and a
water area of approximately 23 miles."23 The number
of rivers that empty into Semarang Bay, causing

the waters of the bay to be prone to pollution, by
waste from various activities on coastal lands and
along river flows, such as agriculture, aquaculture,
households, and industry, and carried by currents
to the sea.® Research by the Ministry of Marine
Affairs and Fisheries shows that the concentration
of nitrates, phosphates, sulfides, phenols, cadmium,
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lead, copper, nickel, and coliform bacteria exceeds
the concentration of quality standards, causing the
coastal waters of Semarang Bay to be heavily to
very heavily polluted by these various substances.*

The Babon River is believed to contribute to the
pollution in Semarang Bay, primarily because of rapid
changes in land use in the watershed. Over 15
years (from 1986 to 2001), the area designated for
residential use increased by 730 hectares (34%),
whereas agricultural land shrank by 28% and pond
land decreased by 5%.° In the Babon sub-watershed,
land use was categorized as follows: 70% open
land, 27% closed land, and 3% river. The open
land consisted of 30% grassland, 34% plantations
and gardens, and 6% dry land and fields. In
contrast, closed land includes 26.6% designated for
settlements and activities, with only 0.4% allocated
for buildings.®

The Babon River flows through four districts,
namely East Ungaran District, Semarang Regency,
Tembalang, Pedurungan, and Genuk Districts in
Semarang. The population densities in these districts
were as follows: 2,100 people/km?in East Ungaran,
4,730 people/km? in Semarang Regency, 9,335
people/km? in Tembalang, and 4,680 people/km? in
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Pedurungan. Areas with a population density greater
than one person/km were classified as densely
populated urban areas.”

Based on BMWP-ASPT measured the macro
zoobenthos index, the upstream section of the Babon
River exhibits slightly to moderately polluted water
quality; the middle stream is moderately polluted,
nearing the upstream's slight pollution, while the
downstream is highly polluted.® The research results
indicated that the Babon River water is still suitable
for recreation, freshwater aquaculture, livestock use,
plant utilization, and irrigation.®

The Babon River serves as a water supply for fisheries,
agriculture, and livestock.'® Utilization as a source
of drinking water since 2002 for the Kudu Drinking
Water Treatment Plant in Kedung Mundu and
Pucang Gading, Semarang City, requires stricter
water quality management in the Babon River to
meet the quality standards.” Knowledge of the
pollution load, assimilation capacity, and pollution
status of the Babon River water is necessary to
regulate the water quality of the Babon River so
that the pollution burden does not exceed the river's
assimilation capacity.

Materials and Methods
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Fig. 1: Map of sampling locations
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Location and Time of Research

Water sampling was conducted from late April to
early May, late June to early July, and late August
to early September. Samples were collected
from seven observation stations (Figure 1). The
coordinates of each station are: station 1 (7°5'
39.1524" S, 110°27'4.536" E), station 2 (7°4'12.0822"
S, 110°27'47.88" S), station 3 (7°3'13.4784" S, 110°
28'50.736" E), station 4 (7° 2' 22.2066" S, 110° 29'
3.3"E), station 5 (7°0'42.0732" S, 110° 29'29.0394"
E), station 6 (6°59'20.8464" S, 110°29'40.056" E),
station 7 (6°56'46.9494" S, 110°28'46.884" E).

Data Collection Methods

This study was a survey research. Data were collected
from water samples using purposive random sampling.
Water samples (up to 2 L each) were collected using
a Van Doorn Bottle Sampler. Samples for organic
compound analysis were placed in dark-colored
glass bottles, and those for metal analysis were
placed in plastic ones. Water samples for metal
analysis were treated with 0.5 ml of 65% HNO3."

The gravimetric method was used to determine the
concentration of Total Suspended Solids (TSS).
The Total Dissolved Solids (TDS) were measured
on-site using a HORIBA water checker. The nitrate
concentration in water was determined according
to the parameters stated in SNI Method SNI
6989.79:2011, which refers to water and wastewater
testing for nitrate (NOs-N) using a cadmium-reduced
UV-visible spectrophotometer.”® The phosphate
levels were examined based on SNI 06-6989.31-
2005: Water and Wastewater-Part 31: A method
for testing phosphate concentrations using an
ascorbic-acid spectrophotometer.' Total phosphate
was measured using a spectrophotometer in
accordance with SNI 06-6989.31-2005. Metal
concentrations in river water were measured using
a spectrophotometer according to the methods of
the APHA, AWWA, and WEF."®

Data Analysis Methods

The parametric one-way ANOVA was used to assess
the difference in discharge between stations, and
between sampling times. Previously, a Ryan-Joiner
normality test was performed to check whether the
data spread normally to qualify the parametric test.
Data analysis was performed to assess the pollution
load, assimilation capacity, and pollution conditions
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of the river water.’® The extent of pollution in river
water was evaluated using the formula provided in
Annex 2 of the Regulation of the Minister of
Environment of the Republic of Indonesia Number
01 of 2010."817:18 s follows.

PL=QxCxf (1)

where PL = pollution load (kg/day), Q = river water
discharge (m¥sec), C = TSS, nitrate, phosphate,
and metal concentrations (mg/L), and f = conversion
factor =86.4 = (1 kg/1000000 mg) x (1000 liters/1 m?)
% (84,600 s. /1 d) = 86.4 kg. It.s.mg.m3.day.

The assimilation capacity of river water is determined
by the Local Authority Services National Training
Group (LASNTG)'8 formula.

The following formulas define nitrate and phosphate

AC (kgld)=(C__ - C

max back)

x F95 x 86.4 (2)

where AC = Assimilation Capacity (kg/day), C__
= contaminant concentration on water quality
standards (mg/l), Cback = Average Concentration
of Contaminants in the Upper Reaches of the River
(mg/l), and F95 = maximum river water discharge
in the Rainy Season.

The metals and various other toxic substances were
determined using the following formula.

AC (kgld)=(C__ - C

max back

) x DWF x 86.4 (3)

Where DWF is the minimum river water discharge
in the arid season.

The status of water pollution is calculated according
to the formula of the Decree of the Minister of
Environment, Republic of Indonesia, Number 115
of 2003."

Plj = (C1/L1i, C2/L2j, .... Ci/lLJ) ..(4)
Pij represents the pollution index for allocation
(j), calculated as a function of Ci/Lij, where Ci is
the water concentration specified by quality
standard j. In this case, the designation used is
the classification of class Il water quality standards
based on the National Water Quality Standards for
rivers and similar sources, as regulated by Appendix
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6 of Government Regulation Number 22 of 2021
concerning the Implementation of Environmental
Protection and Management (Secretariat of State of
the Republic of Indonesia, 2021). A Pij value of >1
indicates that the river water has been polluted, and
this situation is called the state of criticism. Thus, it
is calculated as follows.

Pli=m (%)ﬁ; (f—i})i -(9)

Where m = balancing factor

The critique state is used to compute m.

Plj = 1.0 if the maximum value of Ci/Lij = 1.0 and the
average value of Ci/Lij = 1.0, then,

1.0=m _[(1)*+(1)?

If m = 17("2" ), then equation (7) becomes
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ci?2, ci? ..(6

R ©
Plj = >

The water quality standard employed is the Class Il
classification based on the National Water Quality
Standard for rivers and lakes, as stipulated in
Appendix 6 of Government Regulation Number 22
of 2021.2° Water classified as Class Il is intended for
recreational water facilities, freshwater aquaculture,
livestock use, crop irrigation, and other uses
requiring comparable water quality. The designation
of Class Il water is based on the requirements for
community activities along rivers. According to the
Minister of Environment's Decree Number 115
of 2003, river water is classified using a Pollution
Index of,?' as presented in table.

Table 1: River Water Classification Based on Pollution Index (PI)

PI Classification

0 Meet quality standards (good condition)
1,0 Light polluted

5,0 < Plj Medium polluted

PIj > 10

Heavy polluted

Results
The normality test revealed that the Babon River
discharge data spread normally. The results of the

ANOVA for the Babon River discharge at the seven
sampling stations are displayed in the table below.

Table 2: The analysis of variance results for the Babon River discharge
between sampling stations

Sources of Variance DF SS MS F P
Stations 6 1.005 0.167 1.57 0.227
Error 14 1.491 0.106

Total 20 2.495

S = 0.3263R-Sq = 40.26%R-Sq(adj) = 14.66%

The variance analysis showed no noticeable
difference in discharge between the sampling
stations, and the analysis of variance in the Babon
River discharge between sampling times at the
seven sites is presented in table below.

Analysis of variance showed no noticeable difference
in discharge between sampling times at the various
stations. The pollution load and assimilation capacity
of various sampling stations in the Babon River are
shown in Figures 2 and 3.
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Table 3: The analysis of variance results for the Babon River discharge between

sampling times.
Sources of Variance DF SS MS F P
Sampling time 2 0.277 0.139 1.13 0.346
Error 18 2.218 0.123
Total 20 2.495

S = 0.3510R-Sq = 11.12%R-Sq(adj) = 1.24%

The data in Figure 2 and 3 show that several water
quality variables have pollution loads that do not
exceed the assimilation capacity of waters at all
sampling locations and times, namely, TSS, nitrates
(except at stations 1, 1, and 2), total phosphates,
some exceed at specific times only, namely: station 1
Cd at sampling 1 and 2 and Cr at sampling 2, station
2: Cd at sampling 1, and Cr at sampling 2. Cd, Cr,
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and Pb levels exceeded the assimilation capacity
at all sites, except for Cd at stations 1 and 2 during
sampling 1 and 2. Appendices 1 and 2 contain the
full pollutant load and assimilation capacity data,
respectively, for several observation stations along
the river. The pollution status of Babon River water
and sediments is presented in Table 4.
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Table 4: Average and Maximum Ci/Lij,Ci/Lij-New, and Plj values for assignment Pollution
status of Babon River waters

Stations  Variables Ci/Lij CilLij Ci/Lij CilLij CilLij- Pollution
-New New Index
Stations Variables 1 2 3 1 2 3
1 Average 3.531 2.740 1.871 2.408 1,719 1.609
Max 12.180 13.067 7.133 6.428 6.581 5.266
Plj 4.854 4.809 3.894
2 Average 2.662 2.566 2.151 2.261 1.769 1.576
Max 6.325 11.133 8.100 5.005 6.233 5.542
Plj 3.884 4.582 4.074
3 Average 3.177 3.002 2.306 2.734 2.324 1.608
Max 6.767 10.533 9.833 5.152 6.113 5.964
Plj 4124 4.624 4.367
4 Average 3.267 4.469 2.638 2.759 2.818 1.664
Max 6.918 12.960 12.367 5.200 6.563 6.461
Plj 4.162 5.051 4.718
5 Average 4.328 4.730 3.887 3.152 3.012 1.883
Max 8.900 15.467 19.000 5.747 6.947 7.394
Plj 4.635 5.354 5.395
6 Average 4.639 4.331 3.692 3.191 3.084 1.890
Max 12.000 10.833 16.067 6.396 6.174 7.030
Plj 5.054 4.880 5.147
7 Average 5.297 4.289 2.519 3.292 3.093 1.141
Max 14.000 10.167 16.767 6.731 6.036 7.122
Plj 5.298 4.796 5.100

Table 4 displays the Babon River water pollution
index at various research stations as follows: Station
1 varied from 3.894 to 4.854, Station 2 ranged from
3.884 10 4.582, Station 3 ranged from 4.124 t0 4.624,
Station 4 ranged from 4.162 t0 5.051, Station 5 ranged
from 4.635 to 5.395, Station 6 ranged from 4.880 to
5.147, and Station 7 ranged from 4.796 to 5.298.
According to the pollution status criteria (Table 1), the
Babon River was weakly contaminated at stations
1, 2, and 3 and moderately polluted at stations 4,
5, 6, and 7. Appendix 3 provides basic facts for
determining the pollution level in the Babon River.

Discussion

The pollution load is the concentration of pollutants
in water or wastewater.?’° The pollution load of river
water is determined by the pollutant concentration
and river discharge (Equation 1). The cross-sectional
area and water flow rate determine river discharge,

and pollutant dilution is strongly affected by both flow
rate and cross-sectional area. River cross-sectional
area and flow rate vary between the dry and rainy
seasons. The volume of river water was smaller and
the flow speed was slower during the dry season;
therefore, the discharge was lower than that during
the rainy season. Consequently, the assimilation
capacity of rivers is lower than that during the rainy
season because of a drop in the volume of water
for diluents, and the concentration of contaminants
is higher during the dry season. Rainfall data from
SCB?2 showed that rainfall in Semarang in April,
June, and September was 131, 134, and 199 mm,
respectively. Although rainfall differed between
the study periods, the analysis showed that river
discharge did not differ among stations or sampling
times. Therefore, the pollution load between the
stations and sampling times was caused only by
differences in pollutant concentrations.
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Contaminants with pollution loads exceeding their
assimilation capacity were generally total dissolved
solids (TDS), Cd, Cr, and Pb. The TDS and Pb
pollution loads exceeded the assimilation capacity
at all stations and times. The nitrate pollution load
surpassed the assimilation capacity at Station 1
during sampling at 3. The Cd pollutant load exceeded
the assimilation capacity at all stations and sampling
times, except for station 1 and 2 during sampling 1.
The Cr pollutant load surpassed the assimilation
capacity at all stations and sample times, except for
stations 1 and 2, during the second sampling period.
The pollutant concentration is the load of pollution
that exceeds the assimilation capacity because it
exceeds the class 2 water quality standard for river
waters.?’ TDS and Pb concentrations exceeded
quality standards at all stations and sampling times,
indicating that the concentrations of these two
pollutants in water bodies were high and stable.
TDS refers to the quantity of organic and inorganic
substances, including metals, minerals, salts, and
ions, dissolved in a particular volume of water. Total
dissolved solids originate from a range of natural and
anthropogenic sources.?? Extraction of fossil fuels
can produce wastewater with a high TDS level.2 TDS
for fresh water is typically low, less than 500 mg/I.%

The Pb metal, which is higher than other metals, is
thought to originate mainly from the combustion of
mineral oil fuel and coal containing Pb metal. The
population is quite dense in Semarang City and the
surrounding districts, accompanied by daily mobility
for various purposes, especially work, using vehicles
that generally still use fuel in the form of pertalite
(RON 90), pertamax (RON 95), and diesel. Dust
from vehicle fumes and gases containing Pb can fall
out and eventually accumulate in river waters and
the sea. Pb is primarily emitted into the atmosphere
by the combustion of fossil fuels. It can reach the
Babon River directly from the air, as well as indirectly
through rainfall runoff, soil surface erosion, and
other land surface leaching by rainwater.?* Pb can
also be found in batteries, children's toys, wall paint,
and plastics.? The usage of fertilizer in rice fields
causes soil and rice to contain Pb and Cd elements.?®
Another source of Cd and Pb is domestic garbage.?”

The input nitrate concentration was sufficiently high
only at Station 1, therefore, the pollution load only
exceeded the assimilation capacity at Station 1 at
the 3rd sampling. Itis suspected that the high nitrate

1107

levels are due to agricultural and household activities
in the upper reaches of the river. Discharges of
nutrients from urban and agricultural activities have
led to elevated nitrate concentrations in freshwater
environments.?® Chemical fertilizers are the primary
source of river nitrate in agricultural areas.?® During
intense rainfall, additional flushing of soil organic
nitrogen and fertilizer from cultivated land into
rivers occurs.®® Station 1 is located in Mluweh
Village, East Ungaran District, Ungaran Regency.
Approximately 10% of Mluweh villagers are farmers
(Mluweh Village Government, 2020).3' Consumption
of water containing high levels of nitrates reduces
the capacity of blood to bind oxygen, especially
in infants younger than five months of age. This
condition is known as methemoglobinemia or blue
baby disease, which results in bluish baby skin,3?
nitrate can reduce activity levels,*® and decrease
reproductive outputs.®?3% Nitrate also causes
significant disruptions to oxygen delivery mechanisms
(e.g., affecting haemoglobin concentrations).3*

The concentrations of Cd and Cr were extremely high
at stations 3-7. Stations 3 (Sendangmulyo Dalam,
Kelurahan Sendangmulyo), 4 (Klipang, Kelurahan
Sendangmulyo, Tembalang), 5 (Kelurahan Penggaron
Kidul, Pedurungan), 6 (Kelurahan Penggaron Lor,
Genuk), and 7 (Kelurahan Trimulyo, Genuk) are
populated villages with the potential to be a source
of Cd and Cr metals from household activities
such as the use of battery stones, batteries, metal
plating using Cd and/or Cr, and the use of Cr in
tanning leather in household industries. Cd enters
the environment via both natural and manmade
sources.?® Pb enters the aquatic environment
directly or through air intermediaries as a result
of smelting or refining Pb, burning fuels with Pb
additions, smelting other metals, and burning coal
or oil. Human exposure to lead occurs by ingestion
or inhalation of polluted dust, air, and food; however,
broad prohibitions on lead gasoline and paint and
better food safety minimize these exposures.* Most
environmental chromium (Cr) discharges originate
from industrial activities, particularly chemical and
mineral processing, steel and metal manufacturing,
metal plating, leather tanning, textile dyeing,
electroplating, cement production, metallurgical,
and other industries.®-® Cr is primarily derived from
tanning waste and tanning activities by villages along
the Babon River.*®
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TSS, phosphate, and total phosphate pollutants
always have a pollution load lower than the
assimilation capacity because their concentrations
are still below the quality standards. TSS is thought to
originate from soil surface erosion due to agricultural
land clearing activities, riverwall landslides, and land
clearing for housing purposes, whereas phosphate
and total phosphate are thought to originate from
agricultural and household activities.

The lowest water pollution index was found at
Station 2 (3.884) and the highest index was found
at Station 5.39. The value of this index suggests
that the Babon River is polluted at mild-to-moderate
levels from upstream to downstream regions. The
concentrations of several variables measured in
the water exceeded the river water quality criteria
of classes 1 and 2 (the lowest quality standard
values), whereas some were still below the highest
concentration of quality standards (classes 3 and 4).

Analysis of the pollution load received by the Babon
River water body compared to the assimilation
capacity of the river water showed that some of its
load variables exceeded the assimilation capacity,
thus potentially causing pollution in the river.

Compared to other rivers in Semarang City, such as
the Bringin River and West Banjir Kanal, the pollution
level of the Babon River is still low because the
sources of pollution of the Babon River are generally
household activities, agriculture, and plantations.'®
The two rivers mentioned earlier receive the burden
of pollutants from industrial activities.

Conclusion

The Babon River discharge at the time of the study
was relatively the same at all sampling locations and
times; therefore, the pollution load was determined
only by the input concentrations of pollutants. The
pollution load of the Babon River exceeded the
assimilation capacity for variable TSS, nitrate, and
metals Cd, Cr, and Pb, while for TSS, phosphate,
and total phosphate, the pollution load was still in
accordance with the river’s assimilation capacity.
The water pollution index of the Babon River ranged
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from 3.884 to 5.395, indicating that the Babon River,
from upstream to downstream, was polluted at mild-
to-moderate levels.
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