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ABSTRACT 

Seasonal changes in the concentration of several pollutants along 
the length of the upper Citarum River in West Java are reported. The 
upper Citarum is the most polluted area in Citaruum Basin. Measure­ 
ments of the water quality parameters in the upper Citarum indicate 
that the majority of the pollutants were high in the dry season and de­ 
crease in concentration at the beginning and peak of the rainy season. 
The concentrations are the lowest at the peak, however some of pol­ 
utants are still above the standard water quality criterion. During the 
dr season river in an anaerobic condition, the DO concentration was 
found to below I mg/ l, so degradation of carbon compounds and nitri­ 
fication was not occurred. Besides that the Pb and Cd were found re­ 
main high, at this time. Tendencies of water quality parameters con­ 
tribution were calculated against sampling sites bu means of principal 
component analysis [PCA]. Custer analysis was used in calculating 
sampling site similarities. The results of analysis using PCA have 
proved that although there is correlation between sampling sites and 
pollutants, however is still difficult to identify the source of the pollut­ 
ants. In the dr season sites 4 and 6 have similarities, while in the 
rain season sites 8 and 9. Environmental education for inhabitant in 
the Citarum catchment area is important to protect water quality. 

Key words: River; seasonal changes; dry season; rainy season; water 
quality; statistical analysis 

1. INTRODUCTION 
Citarum River is one of the five 

biggest rivers in West Java, Indonesia. 
It is about 315 km long and has a 
catchment area of approximately 
6,600 square kilometers. Since 1989, 

the government of Indonesia have 
conducted a campaign called Prokasih 
to clean and protect the rivers against 
pollution. With the Citarum several 
efforts have been made such as the 
routine monitoring of wastewater dis­ 
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charge from industries. Centralized 
wastewater treatment plants were 
build in the Western and Southern 
part of Bandung city to treat munici­ 
pal and industrial wastewater respec­ 
tively. Also the rehabilitation of the 
riverbank such as straighting the 
curved parts of the river and concret­ 
ing some section of the riverbank. 
However it has been very inadequate. 
At the present, the water quality of the 
river is still very poor. Even, if we look 
at the data of 1982 (Badruddin, 1987), 
and that of 1991 (Bukit, 1995), it 
seems to have become worse. The 
problem is there is no Citarum River 
action plan, that include several 
institutions concerning the river, to 
clean up the pollution and protect the 
Citarum water. Depending on the 
Prokasih alone, is not enough, be­ 
cause it is a big programme which in­ 
cludes another 24 big rivers in Indo­ 
nesia. After 10 years programme ob­ 
vious there has been no improvement 
in the quality of Citarum River water. 
The most polluted catchment area 
along the river is the upper Citarum 
which has nearly four million people 
living, working , and playing in this 
area. In 1991, Bukit (1995) found that 
municipal pollution was major con­ 
tributor, rather than industrial dis­ 
charge, and the contaminant loading 
was higher during the dry season. 
Based on mapping of distribution of 
industries, Harsono (1995) showed 
that in 1994 the majority of pollutant 
in the upper Citarum has come from 
the industries, especially textile in­ 
dustries. The concentration of pollut­ 
ants are different during the dry and 
rainy season because they are diluted 
by rain. The rainfall intensity is dif­ 
ferent in each season, in the dry sea­ 
son about 60-90 mm/month and in 
the rainy season more than 200 

mm/month. Below the upper Citarum 
Basin there are three big dams used 
for irrigation, agriculture, fisheries, 
bathing and washing for inhabitant 
around the dams, and hydroelectric 
power and public water supply 
(drinking water) for the capital city of 
Indonesia, Jakarta. Therefore, to 
maintain water quality in this catch­ 
ment area is a major priority. 

From monitoring results, beside 
of high concentrations of several pol­ 
lutants such as biological oxygen de­ 
mand (BOD) or ammonium, there are 
slightly concentrations of heavy metals. 
Most of the BOD came from domestic 
wastewater and ammonium came from 
agricultural waste, but other pollutant 
sources are difficult to identify be­ 
cause the varied activities along the 
upper Citarum catchment area. By 
characterizing pollutants in a certain 
section of the river, we can examine 
correlation between pollutant and the 
catchment for identify the source of 
the pollutant. These results could con­ 
tribute to protect the river from the 
pollution. 

The aims of this study are to in­ 
vestigate and compare seasonal 
changes of some pollutants in the up­ 
per Citarum River and to examine re­ 
lationship between identify pollutants 
with the river sections using a statis­ 
tical analysis. 

2. MATERIAL AND METHODS 
2.1 Description of sampling sites 

Field surveys were performed at 
the end of the dry season in August 
1995, at the beginning of the rainy 
season in November 1995, and at the 
peak of the rainy season in January 
1996. Measurements were conducted 
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in eleven sampling sites along the 
length of the upper Citarum (Figure I). 
Sampling site number 1 in the Ma­ 
jalaya area is free from industrial pol­ 
lution, but effected by erosion. Sam­ 
pling sites 2 and 3 are rural areas 
which are dominated by small scale 
industries. Sampling sites 4 to 8 are 
urban area with dense of population 
and polluted by municipal and indus­ 

trial waste discharge from hundreds of 
medium and large textile industries. 
Sampling sites 9 and 10 are rural ar 
eas which is dominated by agricultural 
waste and discharge of domestic 
wastewater. Sampling site 11 is near 
the inlet of Saguling reservoir and is 
dominated by agricultural area and 
effected by erosion. 
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Figure 1. Location of sampling sites along the upper Citarum. 
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2.2 Sampling and analytical meth­ 
ods 
The water quality investigation 

in fields surveys where physical and 
chemical parameters are analyzed by 
means of the standard method (1993). 
On each visit, the following meas­ 
urements were made directly at each 
site: pH, water temperature, oxidation 
reduction potential (ORP), and elec­ 
trical conductivity were measured 
using water quality checker (Horiba U 
10) and velocity using current meter. 
The river water was sampled from 
each sampling site, kept cold and 
dark during transported, and analy­ 
ses immediately in the laboratory. 
Investigated water quality parameters 
are as follow: dissolved oxygen (DO), 
CO, HCO, total alkalinity, total solid 
(TS), suspended solid (SS), total dis­ 
solved solid (TDs), total organic mat­ 
ter (TOM), biological oxygen demand 
(OD), chemical oxygen demand 
(COD), total phosphorus (TP), total 
nitrogen (TN), ammonium-nitrogen, 
nitrate-nitrogen, nitrite-nitrogen, and 
heavy metals such as Pb, Cd, Cr, Zn, 
and Mn. 
2.3 Statistical analysis 

Tendencies of variables contri­ 
bution were calculated against sam­ 
pling sites by means of principal 
component analysis (PCA). Cluster 
analysis was used in calculating 
sampling site similarities. All of the 
statistical analysis was run using 
software Stat-itcf rel. 4. 

3. RESULTS AND DISCUSSION 
3.1 River environment 

In the dry season, water in the 
upper Citarum is over loaded with 
pollution. The water color was black, 
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smelt bad, and it was in an anaerobic 
condition. A lot of rubbish was float­ 
ing in the river water and deposited 
on the riverbank. Wastewater from 
urban, rural, and industrial areas 
was still flowing directly into the river 
without treatment. In the rainy sea­ 
son, the water in the several parts of 
the river was still black and brown in 
color. For maintaining the river, we 
suggest to carry out an environment 
education to inhabitant in catchment 
area along the Citarum. 
3.2Water quality parameters 

Concentration of pollutants pro­ 
files along the upper Citarum, show 
fluctuation depending on seasonal 
changes and sampling sites. The 
fluctuation is caused by discharged 
pollutants at the site, diluted by 
tributaries and improved by self puri­ 
fication. In the rainy season intensity 
of rainfall promotes the degradation 
in the stream and dilutes the pollut­ 
ants. In the dry season pH concentra­ 
tion of about 8 was detected in all 
sampling sites. At the beginning of 
the rainy season pH concentration 
decreased to about 7.3, because of 
the biological processes such as deg­ 
radation of carbon compounds and 
nitrification. At the peak, the pH 
slightly increased to about 7 .6 in all 
sites. During the dry period, ORP 
showed negative values and indicated 
that oxidation and reduction were 
decreased. At that time, CO concen­ 
tration was measured to be zero, it 
means aerobic degradation by micro­ 
organism had not occurred {Thomann, 
1987). 

Conductivity was found to be 
higher in the dry season and lower in 
the rainy season. The same as for 
temperature and alkalinity, but the 
fluctuation pattern is different. 
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Figure 2 Dissolved oxygen concentration along the upper Citarum river. 

In the dry season COD and BOD 
concentrations decreased from up­ 
stream to downstream. COD concen­ 
tration in all sampling sites were 
found to be 115 to 229 mg/l (Figure 
2) and BOD concentration from about 
50 to 185 mg/l. The high carbon or­ 
ganic content indicated by COO and 
BOD have generated a DO concentra­ 
tion during this period is below 1 
mg/1 in all sites (Figure 3). The high 
carbon organic loading caused by 
municipal and industrial wastewater 
discharge which was still flowing di­ 
rectly into the river. At the beginning 
and peak of raining, the DO concen­ 
tration increased but still was below 
4 mg/l until site 6, from site 7 the 
concentration back to below l mg/l 
At site 1 highest DO concentration 

was reached. Increase DO promotes 
biological process of carbon degrada­ 
tion, thus the COD and BOD concen­ 
tration decrease to about 32 to 85 
mg/land 3.5 to 31 mg/l, respectively. 
The COD and BOD concentration was 
found in this study is to be higher 
than previous years. Between years 
1979-1982 maximum COD and BOD 
concentration was 21 mg/l and 32.5 
mg/1, respectively (Badruddin, 1987). 
In year 1991, maximum BOD con­ 
centration was reported to be 162 
mg/1 around the city of Bandung 
(Bukit, 1995). It indicated that the 
upper Citarum River water had not 
yet improved. Both the COD and BOD 
was decreased near the inlet of Sa­ 
guling dam in a high water flow pe­ 
riod, because of self purification and 
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dilution by tributaries was carried out 
at sites 10 and 11. 

Ammonium-nitrogen concentra­ 
tion during the low water period 
fluctuated from upstream to down­ 
stream depend on the area and in­ 
habitant at the sampling sites (Figure 
4). In site 8, the ammonium-nitrogen 
concentration reached 9 mg/l. At the 
beginning of the rainy season, the 
ammonium-nitrogen is usually below 
2 mg/l for all of the sites. One of the 
reasons that the ammonium concen­ 
tration is high in the dry season is 
because of deficiency of the DO con­ 
centration during th.at time, so the 
nitrification process does not occur. 
Typical values for nitrite-nitrogen in 
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unpolluted streams are of the order of 
1-3 micro g-N/I (Bennekom et al., 
1978). During the drying ni­ 
trite-nitrogen concentration along the 
upper Citarum ranges from 26.5 to 
52 microgram N/l, but the concentra­ 
tions increased at the beginning of 
raining because nitrite-nitrogen was 
produced from the incomplete nitrifi­ 
cation process. At the peak, the ac­ 
cumulation of nitrite-nitrogen con­ 
centration was decreased but remain 
high (53-82 microgram N/1). The in­ 
complete nitrification process is gen­ 
erate morn nitrite than nitrate be­ 
cause of the present of high ammo­ 
nium concentration's, high pH's, and 
low DO's (Anthonisen et al, 1976; 
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Figure 3 COD concentration along the upper Citarum niver. 
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Balmelle et al., 1992). Total phospho­ 
rous concentration were determined to 
be below 0.27 mg/l in the dry season. 
This indicates that industrial and mu­ 
nicipal wastewater does not increase 
the TP concentration. At the dry and 
the peak of rainy season, TP flustu­ 
ated between site 1 and 11. Maximum 
of 1.46 mg/l TP was detected in the 
wet season caused by erosion and ag­ 
ricultural waste. 

In the dry season, SS concentra­ 
tions were found to be ranging from 
9-52 mg/l. The highest Ss concentra­ 
tion is near the inlet of Saguling res­ 
ervoir. Because of erosion, at the be­ 

ginning of the rainy season it was 
found that generate more nitrite then 
nitrate because of the present of high 
ammonium concentration's, high pH's, 
and low DO's (Anthonisen et al., 1976; 
Balmelle et al., 1992). Total phospho­ 
rus concentrations were determined to 
be below 0.27 mg/l in the dry season. 
This indicates that industrial and mu­ 
nicipal wastewater does not increase 
the TP concentration. At the dry and 
the peak of the rainy season TP fluc­ 
tuated between site 1 and 11. Maxi­ 
mum of 1.46 mg/I TP was detected in 
the wet season caused by erosion and 
agricultural waste. 
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Figure 4 NH4-N concentration along the upper Citarum river. 
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SS concentration increased up to 
292 mg/l (site 2). The concentrations 
were lower than was reported previ­ 
ously (400-450 mg/l) in 1982 (Bad­ 
ruddin, 1987), because concrete was 
used in some section of the riverbank 
to protect it from erosion and run-off. 
TDS concentration was found to be 
about 1000 mg/l during the dry sea­ 
son for all of the sampling sites, except 
site 11 which was 600 mg/I. The TDS 
was diluted by rain so in the rainy 
season for all of the sites the concen­ 
tration decreased to 200 mg/I. In the 
dry season total organic matter was 
detected from 300 to 700 mg/l and at 
the beginning of the rainy season TOM 
concentration increased up to 750 
mg/1 for all the sites. At the peak of 
the rainy season the TOM decreased to 
below 360 mg/l. 

Generally lead {Pb) concentration 
had a decreasing pattern from up­ 
stream to downstream (Figure 5). 
However, in the dry season Pb con­ 
centrations were extremely higher 
than in the rainy season. The concen­ 
trations ranged between 3.89 mg/l in 
the upstream and 0.24 mg/l in the 
downstream. Pb concentrations in the 
rainy season were the lowest. Manga­ 
nese {Mn) concentration increased 
from upstream to downstream. In the 
dry season Mn concentrations were 
lower than in the rainy season. Mn 
concentration was relatively stable 
through the rainy season. Mn concen­ 
trations in the dry season ranged be­ 
tween 0.22 mg/l and 0.39 mg/l, while 
in the rainy season it ranged between 
0.36 mg/l and 1.109 mg/l. It ranged 
from 0.04 to 0.10 mg/I. The pattern of 
Zinc {Zn) concentration from upstream 
to downstream was fluctuating be­ 
tween the dry season and the rainy 
season. Zn concentration decreased 

from site 1 to 4, then increased to site 
9 and finally decreased again at site 
11. Zn concentrations in the dry sea­ 
son was lower than in the rainy sea­ 
son. At the beginning of the rainy 
season, the concentration increased 
and it remained through the rainy 
season. Zn concentration in the wet 
season ranged between 0.044 mg/l 
and 0.226 mg/l. Cadmium (Cd) con­ 
centration was relatively constant from 
site 1 to site 9, and then increased at 
sites 10 and 11. Cd concentration in 
the dry season was slightly higher 
than in the rainy season. Chromium 
(Cr) concentration was slightly in­ 
creased from upstream to downstream. 
Cr concentrations in the dry season 
ranged from 0.024 to 0.076 mg/l. Cr 
concentration increased at the begin­ 
ning of the rainy season, but the con­ 
centration decreased again at the 
peak. 

The results of water quality above 
such as high concentration of BOD, 
COD, ammonia-nitrogen, and heavy 
metals (Pb and Cd) indicated that the 
upper Citarum is in bad condition, 
especially in the low water flow period. 
The water does not meet the water 
quality standard in Indonesia. Except 
in several sections its still suitable for 
agriculture. 

Correlation between each water 
quality parameter (variable) and sam­ 
pling site at the beginning of the rainy 
season, based on PCA analysis, is 
shown in Figures 6. From the length 
the variable arrow in this figure, the 
greater its influence at the site. Thus, 
sites near to or beyond the tip of an 
arrow will be strongly positive corre­ 
lated with and influenced by the vari­ 
able represented by that arrow. The 
site at the opposite end will be less 
strongly affected. Sites l and 3 show 
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the tendency of greater contributions 
of Cd and conductivity, which have a 
posi- tive correlation with Cd and a 
negative correlation with conductivity. 
Site 2 is characterized by positive cor­ 
relation with DO and negative correla­ 
tion with Mn and TDS. Sites 4, 5, and 
6, in opposite to site 7, are determined 
by positive correlation of variable pH 
and alkalinity, and have negative cor­ 
relation with Zn. Site 8 is strongly af­ 
fected by variable conductivity and ni­ 
trite which have positive correlation, 
while with DO and Cd have less af­ 
fected. Site 9 and 11 are characterized 
by variables TDS and Mn in positive 
correlation and DO in negative corre­ 
lation. At site 10, positive correlation 
of HCO, pH and alkalinity have sig­ 
nificantly contribution and Cd has 
negative correlation. In all season, DO, 
TDS, Mn, conductivity, and alkalinity 
have a greater contribution. Site 9 is 
characterized in positive correlation by 

Mn, in all season. 
In the dry season, sampling sites 

1, 4, 5, and 6 were characterized by 
variable Pb and conductivity. posi­ 
tive correlation of variables alkalinity 
and conductivity were characterized at 
site 2. Besides that a negative correla­ 
tion with DO was appeared. At site 3 
temperature, Pb, DO, and Cd ap­ 
peared to have greater influence. 
Temperature and Pb have positive 
correlation, while DO and Cd show 
negative correlation. The opposite 
condition of site 3 is occur at sites 10 
and 11. Sites 7, 8, and 9 tend to be 
characterize by variable TOM and Mn 
which have positive correlation and 
negative correlation of alkalinity. 

The results of analysis using PCA 
have proved that although there is 
correlation between sampling sites and 
pollutants, however is still difficult to 
identify the source of the pollutants. 
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Figure 5 Pb concentration along the upper Citarum river. 
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Fig. 6. Result of PCA analysis. 

Cluster analysis showed that in the 
dry season sites 4 and 6 have a simi­ 
larities in water quality. At the begin­ 
ning of the rainy season sites 5 and 6 
were similar, while at the peak, sites 8 
and 9 were very similar. 

4. CONLUSIONS 
Measurements of the water qual­ 

ity parameters in the upper Citarum 
indicates that the majority of the pol­ 
lutants were high in the dry season 
and decrease in concentration at the 
beginning and peak of the rainy sea­ 
son. The concentrations are the lowest 
at the peak, however some of pollut­ 

ants are still above the standard water 
quality criterion. During the dry sea­ 
son river in an anaerobic condition, 
lead to degradation of carbon and ni­ 
trification was not occurred. Moreover 
at that time, the Pb and Cd were found 
remain high. The results of analysis 
using PCA have proved that although 
there is correlation between sampling 
sites and pollutants, however is still 
difficult to identify the source of the 
pollutants. In the dry season sites 4 
and 6 have similarities, while in the 
rainy season sites 8 and 9, Environ­ 
mental education for inhabitant in the 
Citarum catchment area is important 
to protect water quality. 
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