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Abstract
Coliform bacteria can be used as an indicator of  the presence of  pathogenic bacte-
ria, such as E.coli bacteria that cause diarrhea. The aimed of  this study is to deter-
mine the relationship between physical-chemical parameters namely temperature, 
pH, DO and BOD to the density of  coliform bacteria in Jawi River, Pontianak. 
The sampling was conducted at one point each in the upstream, midstream and 
downstream area of  the Jawi River during two tidal conditions of  the Kapuas River 
in September 2016 at 09:40 (at low tide) and at 15:40 (at high tide). The correlation 
of  physical-chemical parameter to coliform value was tested Pearson Product Mo-
ment. The results showed that coliform bacterial density increased from upstream 
to downstream with 150-1500 MPN/100 ml at high tide and 930-11000 MPN/100 
ml at low tide. The results showed that the coliform bacterial density value had a 
positive relation with pH and BOD parameters and negative relation with tempera-
ture and DO parameters. So, it can be concluded that there is a correlation between 
physical parameters, such as temperature and chemical parameters such as pH, DO 
and BOD to microbiological parameters especially Coliform bacterial density. The 
benefit of  this study is to give information about water quality of  Jawi River and its 
correlation with density of  Coliform bacterial, so that people are expected to pay 
more attention to the use of  clean water to avoid the disease caused by coliform.
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and TDS (Total Dissolved Solid), chemical para-
meters include pH (potential of  Hydrogen), BOD 
(Biological Oxygen Demand), COD (Chemical 
Oxygen Demand), DO (Dissolved Oxygen), alka-
linity and hardness (Patil et al., 2012), as well as 
microbiological parameters in the form of  micro-
bial content, the presence of  coliform bacteria as 
an indicator of  pathogenic microbes. Therefore, it 
is necessary to investigate relationship of  density 
of  coliform bacteria with physical-chemical pa-
rameters, particular parameters of  temperature, 
pH, DO and BOD along Jawi River channel re-
gion. Selection of  these parameters based on the 
growth factor of  Coliform bacteria that adjust the 
conditions of  temperature, pH, oxygen levels and 
nutrients in the water it occupies.

Pujiastuti et al. (2013) stated that water 
temperature affects the process of  metabolic 
exchange of  living things and affects the dissol-
ved oxygen level and the growth of  fish popula-
tions. The pH of  water affects plants and aquatic 
animals, so it is often used for the condition of  
the good or poor state of  the water as the living 
environment of  water biota. Dissolved oxygen is 
one of  the dissolved gases in the waters with va-
rying levels and influenced by temperature, sali-
nity, water turbulence and atmospheric pressure. 
Oxygen is also needed in the process of  decom-
position of  organic compounds into inorganic 
compounds. The source of  dissolved oxygen 
comes from the diffusion of  oxygen present in the 
atmosphere, either directly in stagnant conditions 
or due to agitation (mass water upheaval) due to 
the presence of  water or wind waves. According 
to Varale & Yashodhara (2012) BOD is the ave-
rage amount of  oxygen used by bacteria when 
decomposing organic substances into inorganic 
substances in the aerobic phase. The process of  
decomposition and activity of  bacterial metabo-
lism use dissolved oxygen. Dissolved oxygen is 
used to calculate the amount of  BOD content in 
the tested sample. 

Coliform bacteria is used as indicator of  
fecal pollution or human and animal feces in 
the waters because coliform bacteria are intesti-
nal bacteria derived from human intestines and 
other warm-blooded animals, such as chickens, 
cows and pigs (Badiamurti, 2010; Rajendra et al., 
2012). Thus, the bacteria should not be present 
in the used water, in terms of  health, aesthetics, 
hygiene and the possibility of  dangerous infec-
tions (Pujiastuti et al., 2013). This became the 
basic purpose of  this study, which is to determine 
the relationship between physical-chemical para-
meters such as temperature, pH, DO and BOD 
against the density of  coliform bacteria in the ri-

INTRODUCTION

Water quality is influenced by changes in 
land use, such as an increase in domestic, agri-
cultural and industrial activities which have an 
impact on BOD concentrations (Priyambada et 
al., 2008). This is similar to the idea of  Agarwal 
et al. (2011) stated that most rivers in urban areas 
of  developing countries are industrial waste, such 
as in Africa and Asia which have rapid industrial 
growth and affect environmental conservation 
conditions. Anhwange et al. (2012) and Abida 
et al. (2008) suggest that the accumulation of  di-
scharges such as urea, animal manure and vege-
table cuts into aquatic bodies became the growth 
factor of  algae and other aquatic plants as a result 
of  an increase in the number of  microbial activi-
ty. Uncontrolled distribution of  waste discharges 
may lead to degradation of  water quality such as 
a decrease in dissolved oxygen content and the 
death of  aquatic animals.

Jawi River in Pontianak is the primary 
channel which lies between the West Pontianak 
District and the Pontianak District as well as 
being the estuary for the secondary channel from 
the surrounding residential areas. According to 
Ramadhani (2012), the continuous discharge of  
domestic waste in the Jawi River affects water 
quality in waterways such as the consumption 
of  dissolved oxygen. Based on the results of  re-
search of  Khotimah (2009), it is showed that the 
highest coliform bacterial density was found at 
the mouth of  the Jawi River. The use of  polluted 
river water may affect the health status of  the 
users with the emergence of  water-borne disease, 
one of  which is diarrhea. Contaminated water af-
fects the health of  human populations around the 
world, especially for developing countries (Cab-
ral, 2010). In developing countries, 43 cases of  
the disease are caused by water-borne diseases, 
with diarrheal diseases as the first leading cause 
of  death especially in children (Rahman et al., 
2013). The same thing is expressed by Kumar et 
al. (2011) and Farkas et al. (2013) that pollution 
in rivers may spread diseases such as cholera, typ-
hoid fever and diarrhea. 

Generally, the presence of  bacteria in the 
water is influenced by abiotic factors such as 
temperature, pH, oxygen demand and moisture 
and biotic factors that include negative and po-
sitive interactions between populations. Water to 
be used for drinking, domestic, agricultural and 
industrial purposes is essential to be tested first 
on the physical, chemical, and microbiological 
parameters of  the water. Some physical parame-
ters tested are temperature, color, odor, turbidity 
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ver Jawi, Pontianak.

METHODS

This research was conducted in Jawi River, 
Pontianak City (Figure 1). The study was con-
ducted from September 2016 to November 2016 
covering sampling, physical and chemical factor 
measurements, calculation of  Coliform bacterial 
density, and data analysis. Analysis of  DO and 
BOD samples was conducted at the Laboratory 
of  Land Quality and Health, Faculty of  Agri-
culture and Coliform analysis was conducted at 
Microbiology Laboratory, Faculty of  Enginee-
ring, Tanjungpura University, Pontianak.

The tools used for this research on the field 
were the measuring beam, the ball that has been 
given ballast, measuring tape, rope, sample bott-
les of  250 ml and 1 L, Winkler bottle, thermo-
meter, pH-meter. Tools used in laboratory were 
beaker glass, Erlenmeyer glass, test tube, test tube 
rack, petri dish, ose needle, bunsen, micropipette, 
dropper drops, hot plate, plastic wrapping, incu-
bator, Laminar Air Flow, autoclave, durham tube, 
analytic balance and spatula. The materials used 
are aquades, carbolic, alcohol 70%, LB (Lactose 
Broth) media, BGLB (Brilliant Green Lactose 
Broth) and EMB (Eosin Methylene Blue) agar.

Sampling was conducted on September 16, 
2016 at the highs and lows of  the Kapuas River, 
at 09.40 WIB (low tide) and at 15:40 (high tide) 
at the upstream (Parit Haruna), midstream (Su-
wignyo) and downstream (Gertak I Jawi River). 
Sampling DO and BOD were taken using size 1 
L bottles and Winkler bottles and were duplica-
ted. The first stage of  sampling for the DO and 
BOD parameters was rinsing the sample bottle 
with the sample water to be taken three times to 
homogenize the condition of  the bottle with the 
sample water. Then, the water sample was taken 
by dipping the bottle under the water surface and 
closed until it was airtight. Microbiological samp-
ling used 250 ml sample bottles that have been 
sterilized by using autoclave. The sample bottle 
was dipped below the water level (± 20 cm), the 
position of  mouth of  the bottle is opposite to the 
flow direction. The mouth of  the bottle was im-
mediately closed and put in the cool box. Micro-
biological sampling was done in 3 times repetiti-
on (Khotimah, 2009).

Temperature measurements were made by 
inserting a thermometer into the sample water for 
± 5 minutes until the temperature figure on the 
thermometer was stable. The pH meter measure-
ments were made by entering the pH meters into 
the sample and the results was recorded when the 

numbers indicated on the device were stable. Me-
asurements of  DO and BOD parameters using io-
dometric titration method were performed at the 
Laboratory of  Land Quality and Health.

Calculation of  total value of  coliform used 
MPN test with sample volume value that is 1 ml, 
0,1 ml and 0,01 ml on 3 series of  test tube (WHO, 
1996). The coliform test refers to SNI 01-2332.1-
2006, including estimation test, assertion test and 
complementary test. The formula used to find 
the value of  the density of  Coliform is (APHA, 
2005):

(Equation 1)
The analysis of  temperature, pH, DO and 

BOD parameters to coliform bacterial density 
was using Pearson Product Moment correlation 
test, so that correlation value and direction of  
relationship between parameters have been kno-
wn to be analyzed. If  the value of  R approaches 
1 or -1, then there is a relationship between the 
variables, but if  the value of  R is 0, then there is 
no relationship between variables tested. Pearson 
Product Moment correlation test is using the fol-
lowing formula (Sugiyono, 2016):

 , with α = 5% (Equation 2)
Thus, the hypothesis used for Pearson Pro-

duct Moment correlation test is:
1) H

0
 : R = 0 ;    2) H

a
 : R ≠ 0

Figure 1. Sampling point in Jawi River, Ponti-
anak City

RESULTS AND DISCUSSION

The value of  DO and BOD Jawi River wa-
ter varied at each point and affects water quality 
standards as shown in Table 1 and Table 2. The 
temperature value at low tide was lower than du-
ring high tide, this is because of  differences in 
sampling time that affect the ambient temperatu-
re (Saputri, 2014). In addition, the temperature 
difference at each point is also influenced by the 
seasons, geographical location, weather differen-
ces, air humidity and the intensity of  sunlight 
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(Ahinpathi & Puttaiah, 2006; Romanto, 2013). 
The water temperature of  Jawi River were ran-
ged from 28 - 31oC and classified in class I, II, III 
standard quality. Berutu (2001) said if  the water 
temperature ranges from 27 - 29oC even 30 - 31oC, 
it is still in the normal temperature for tropical 
waters. According to Sunardi (2017), changing in 
water temperature may affect the freshwater con-
dition as it links directly to water cycle, such as 
changing water column stratification and resour-
ces availability, mainly nutrients, light or intensi-
fied grazing by heterotrophs.

The pH of  Jawi River was in the range of  
6,8 - 8 and classified in class I, II and III quality 
standards. At the upstream and middle point, the 
pH value was lower than the downstream point 
because in the upstream area, there are still some 
people who use the water of  Jawi River for the 
purpose of  washing clothes, tableware and even 
bathing, so that the waste water from these ac-
tivities went directly into the water flow. Accor-
ding to Romanto (2013), the remainder of  these 
activity are allegedly carrying organic material 
to be decomposed by water microbes.Wardhana 
(2014) stated that pH values are also influenced 
by waste discharges that convert the concentrati-
on of  hydrogen ions in water to acid or base due 
to the chemical content contained therein. Ato-
batele et al. (2008) suggested that the decrease in 
pH is also associated with increased rain intensi-
ty. Decrease in pH in the rainy season can reduce 
the quality of  dissolved oxygen due to the entry 
of  organic matter carried by the rain. Adeyemo 
et al. (2008) stated that the optimal pH for the 
survival of  aquatic organisms is 6.5 – 8.2.

The content of  dissolved oxygen depends 
on temperature, the presence of  plants for pho-
tosynthesis, physiological activity and physiolo-
gical processes of  plankton, the degree of  light 
penetration dependent on depth and turbidity of  
water, degree of  water hardness and the amount 
of  organic matter described in water (Astel et al., 
2006; Vikal, 2009; Rosli et al., 2010). The water 
flow of  the Jawi River gets runoff  from the hou-
sing complex, market and shop. Son (2013) stated 
that generally the concentration of  DO in a wa-
ters is temporary or seasonal and fluctuates.

The decrease in the BOD value in water 
was caused by the effective sedimentation and 
deoxygenation process of  river water or waste ma-
terials which were affecting the river environment 
and the characteristics of  the waste without prior 
treatment which directly discharged into water 
bodies (Fardiaz cit. Saputri, 2014). Differences in 
BOD values in each point were also caused by the 
influx of  pollutants received by water bodies from 

surrounding areas such as residential areas, shops 
and open land (Trofisa, 2011). River with low 
BOD values had low nutrient levels and inclu-
ded as a part of  DO concentrations. Unspoiled 
and uncontaminated waters have a BOD value of  
less than 5 mg/L (Agbaire & Oyibo, 2009). BOD 
value is usually higher in the rainy season than 
in the dry season (Ezekiel, 2001). In this study, 
the sample analysis for BOD parameters was per-
formed at high and low tide, marked with higher 
BOD values at high tide due to inclusion of  loads 
of  contamination from the Kapuas River into the 
Jawi River. Most of  the organic waste that can be 
broken down by microorganisms is in the water, 
but there are some organic components that are 
difficult to decompose such as lignin and cellu-
lose. The component will cover the water area, 
degrade the water area and cause the decrease in 
dissolved oxygen concentration (Usman, 2015). 
Organic materials containing carbon, nitrite, 
phosphate, ammonia and some minerals are nut-
rients for the growth and breeding of  pathogenic 
microorganisms (Sidharta, 2000). In addition, 
the presence of  nutrients also affects the amount 
of  algae production (Varunprasath & Nicholas, 
2010). High consuming rate of  nutrition make 
biomass and microorganisms primary producti-
vity in the ecosystem were inversely to pH, nitrate 
concentration, temperature and other hydrobio-
logical parameters (Setiabudi, 2016).

The value of  the density of  the Coliform 
bacteria of  the Jawi River water varied at each 
point and affected the water grade standard as 
shown in Table 1 and Table 2. After a comple-
mentary test using EMB media, Jawi River water 
positively contains E.coli bacteria at each samp-
ling point during high tide and low tide. Some 
people who live close to the Jawi River still use 
the water for bathing and washing purposes, eit-
her used directly or aspirated using a pump to 
the people’s home. The existences of  these ac-
tivities also affect the water quality of  the Jawi 
River and have the potential to have an impact 
on public health. The research result Cahyaning 
et al. (2009) shows the link between river water 
utilization for bathing and washing kitchen uten-
sils with increasing cases of  diarrhea and skin 
diseases.

The temperature and DO parameters are 
related to the total of  Coliform bacteria with the 
direction of  inverse relationship, where, if  the 
Coliform bacterial density value continues to in-
crease at each point, the temperature and DO va-
lues will decrease, so the curves shown in Figures 
2 and Figures 4 are mutually inversely proportio-
nal. This also occurs in the resulting correlation 
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values of  -0.32 during high tide and -0.892 at low 
tide for temperature parameters, as well as -0.986 
at high tide and -0.91 at low tide for DO parame-
ters. Eisakhani & Malakahmad (2009) stated that 
the number of  Coliform bacteria would be lower 
when the temperature level, and DO are higher. 
This is due to the pollutant source of  Coliform 
which is related to the activity of  human secre-
tion. The same is consistent with the research of  
Bensig et al. (2012) and Singh et al. (2014) which 
states that the DO parameter is negatively corre-
lated to the total Coliform.

The pH and BOD parameters are related to 
the total of  Coliform bacteria with the direction 
of  proportional relationship, if  the Coliform den-
sity value continues to increase at each point, the 
pH and BOD values also rise, so that the curves 
shown in Figures 3 and Figure 5 are directly pro-
portional. This also occurs on the resulting corre-
lation value of  0.7904 at high tide and 0.9982 at 
low tide for pH parameters, as well as 0.9462 at 

high tide and 0.7227 at low tide for BOD para-
meters. This is consistent with research by Bensig 
et al. (2012) which also concluded that the BOD 
parameter correlated positively with total Coli-
form bacteria. Singh et al. (2014) also concluded 
that the pH parameter was positively correlated 
with total Coliform. The pH, BOD or total coli-
form values continue to increase from upstream 
to downstream at high and low tide. The organic 
exhaust that enters the waters affects the value of  
BOD and Coliform bacteria that degrade the or-
ganic material. The existence of  degradation ac-
tivity causes the pH content to change into base 
or acid due to changes in hydrogen ion concent-
ration value.

The existence of  coliform bacteria in surfa-
ce water comes from the point source and diffu-
se source which has been concentrated in a long 
time. Point source pollution includes urban waste 
and contaminated tributaries. While diffuse sour-
ce pollution includes pollution from agriculture 
and rainwater flows. The burden of  water-borne 

Table 1. Results of  Jawi River Water Quality Analysis

Location

Result

High Tide Low Tide

Tem-
pera-
ture
(oC)

pH
DO

(mg/L)
BOD

(mg/L)

Coliform
(MPN/100 

ml)

Tem-
pera-
ture
(oC)

pH
DO

(mg/L)
BOD

(mg/L)

Coliform
(MPN/100 

ml)

Parit Haruna 
(upstream)

28 7 5.67 15.17 150 30 6.8 6.78 13.64 930

Jl. Suwignyo 
(midstream)

29 7.8 5.51 13.05 430 31 6.9 7.96 9.49 2400

Gertak I 
Sungai Jawi 
(downstream)

28 8 1.14 27.96 1500 28 8 3.98 16.52 11000

Table 2. Quality Standard of  Jawi River Water Class

Location

Water Quality Standard of  Government Regulation No. 82 
Year of  2001

Decree of  The Di-
rectorate General 
of  PPM and PLP

High Tide Low Tide
High 
Tide

Low 
Tide

Temper-
ature

pH DO BOD
Tem-

perature
pH DO BOD Coliform

Parit Haruna 
(upstream)

I - III I - III II IV I - III I - III I IV C C

Jl. Suwignyo 
(midstream)

I - III I - III II IV I - III I - III I III C D

Gertak I 
Sungai Jawi 
(down-
stream)

I - III I - III III IV I - III I - III III IV D E
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Figure 2. Relation of  Coliform and Temperature Parametes at High and Low Tide

Figure 4. Relation of  Coliform and DO Parameters at High and Low Tide

Figure 5. Relation of  Coliform and BOD Parameters at High and Low Tide 

Figure 3. Relation of  coliform and pH parameters at high and low tide
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bacteria around the catchment area is a natural 
factor due to the effects of  weather (rain, sun-
light, temperature), hydrology and topography 
(Kinzelman et al., 2004; Mills & Thurman, 
1994). Rainwater flows also carry bacterial con-
tamination from peripheral environments such as 
animal waste and pavement (Karlaviciene et al., 
2009; Sidhu et al., 2013).

Rivers play an important role as the assi-
milation of  urban and industrial waste discharges 
from rainwater flow (Sigua & Tweedale, 2003). 
Improper water quality can be hazardous to 
health, so efforts should be made to improve the 
management of  water quality in water catchment 
areas (Astrom et al., 2007; Won et al., 2013). The 
existence of  physical, chemical and microbiolo-
gical parameters in waters are interconnected, 
as described in the preceding paragraph. Usman 
(2015) stated that the parameters of  temperature, 
pH, dissolved oxygen and BOD are included as 
biotic factors that affect the existence of  coliform 
bacteria. The result of  the analysis shows that 
there was correlation between the biotic factors 
on the growth of  coliform bacteria. Temperatu-
re and pH parameters act as indicators of  certain 
bacterial species, such as coliform bacteria are to-
lerant to mesophyll temperature range (25 - 37oC) 
and neutrophil pH (6.7 – 7.5) as shown in the re-
sults of  this study.

Astrom et al. (2002) stated that Coliform 
bacteria are not too dependent on dissolved oxy-
gen demand, so it is characterized as anaerobic 
facultative that plays a role in the process of  res-
piration and electron acceptor. In addition to oxy-
gen, bacteria also require nutrients for metabolic 
processes obtained from organic matter in the 
waters. Decomposition analysis of  organic mat-
ter in waters by bacteria can be seen from the re-
sult of  BOD parameter measurement. The higher 
the organic material in water causes the dissolved 
oxygen content to be smaller because it is used by 
bacteria to oxidize organic matter. The principle 
of  restructuring the organic materials in the water 
by means of  aeration is used to increase the dis-
solved oxygen, so that the bacteria can perform 
the decomposition of  organic matter in the water 
treatment process.

The surface water which will be used 
should be free from contaminants either physical-
ly, chemically or microbiologically. Optimization 
of  processing and improvement of  water quality 
related to the types of  parameters aimed to be mi-
nimized (Han et al., 2012 & Sedmak et al., 2005). 
Control and elimination of  sources of  bacteria 
contaminating water sources can be done in seve-
ral ways (Okoh et al., 2007), among which is an 

integrated liquid waste treatment system, which is 
responsible for collecting waste from residential, 
commercial and industrial pollutants (Ritter et 
al., 2002), The abundance of  water in urban areas 
from both drainage and rainfall runoffs connected 
to the area of  the waste treatment system (Even 
et al., 2007), and the use of  septic tanks to col-
lect and process waste from settlements (Cheung 
& Venkitachalem, 2004). In addition, the surfa-
ce water management of  the technical aspect 
comprises boil processing method by heating the 
water temperature up to 100oC for 1 minute. Any 
area with an altitude above 1000 feet above sea 
level should add water heating time to effectively 
kill bacteria. Chlorination treatment uses chemi-
cals for the disinfection process. In this method, 
Cl

2
 or NaOCl is added to water and produces 

hypochlorous acid (Richardson, 2002). Filtration 
treatment uses shards of  ceramics, sand, gravel 
or zeolite (Makutsa, 2001). The bacteria will be 
separated from the water from the top filter com-
partment to the lowest compartment and water 
will go to the shelter (Iijima, 2001). The benefit of  
this study is to give information about water quality 
of Jawi River and its correlation with density of co-
liform bacterial, so that people are expected to pay 
more attention to the use of clean water to avoid the 
disease caused  by Coliform.

CONCLUSION

The density of  Coliform bacteria in the 
Jawi River at high tide continued to increase 
from upstream to downstream, ranging from 
150-1500 MPN/100 ml at high tide and 930-
11000 MPN/100 ml at low tide. If  the water is 
associated with the classification of  water class 
according to Decree of  Directorate General of  
PPM and PLP No. 1/PO.03.04.PA.91 the water 
quality of  Jawi River is classified C and D class at 
high tide and class C, D and E at low tide. Based 
on the correlation analysis, the pH and BOD pa-
rameters are related to the direction of  directly 
proportional, the temperature and DO parame-
ters are also related to the direction of  inversely 
proportional. So, it can be concluded that there is 
a correlation between physical parameters, such 
as temperature and chemical parameters such as 
pH, DO and BOD to microbiological parameters 
especially Coliform bacterial density. 
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