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Abstract
This is a report regarding the development of a simple survey method for monitoring water pollution in
the Toga River in Kobe City, Japan. This river is popular with local citizens as a water park, and especially
in the summer, various activities are introduced to encourage children to play in the river. However, in
recent years, contamination by fecal coliforms, probably caused by the accidental in�ux of domestic
wastewater, often limits children from playing in the water. From May to October 2019, water samples
were collected from �ve locations in the Toga River and the concentration of fecal coliforms was
measured, along with the electrical conductivity and the chloride ion concentration of the river water, to
establish a method for estimating the fecal coliform density (FCD) as a quicker alternative to a culture
test. By comparing these parameters with the actual density of fecal coliforms, a high correlation was
found between the electrical conductivity and FCD. On the other hand, there was almost no correlation
between FCD and the chloride concentration. Receiver operating characteristic (ROC) analysis was used
to evaluate the method that uses the electrical conductivity as an estimating parameter. The area under
the curve (AUC) was used to determine the performance of the ROC curve algorithm. The calculated AUC
value stayed high, above 0.95, over a wide range of threshold values of FCD, suggesting that this rapid
method is appropriate for assessing the quantity of contaminating fecal coliforms in the range of 300–
2,000/100 mL.

1. Introduction
Rivers in urban areas play various and important roles including �ood control, a reservoir to be used in
extinguishing �res and a space for recreational and commercial use by residents. During summer, people,
especially children, enjoy swimming, �shing, or camping in and near bodies of water and rivers in Japan.
Therefore, in order to ensure water hygiene, the fecal coliforms density (FCD), oil �lm, chemical oxygen
demand (COD), and transparency of the water have been measured every year in May and June since
1973 by the Ministry of the Environment and local governments
(https://www.env.go.jp/en/water/wq/wbcbbeach.html).

Among these factors, FCD is an important factor in the safety criteria of water; fecal coliforms are rod-
shaped, gram-negative, non-sporulating bacteria and are used as indicator of sewage and feces
contamination and the possible presence of pathogenic microorganisms, although they are generally not
harmful in themselves (Bordalo and Savva-Bordalo, 2007; Pandey et al., 2009). The permitted FCD levels
in the water for recreational use is 1,000/100 mL or less with a density of 100/100 mL or less required for
the class ‘proper’ in the criteria of Ministry of the Environment of Japan. However, the concentration of
fecal coliforms in river water varies depending on the season, weather, or human activities, while standard
methods used to analyze bacteria in the water is laborious, time consuming and expensive. Therefore, it
is desirable to develop easier and more rapid methods for assessing the quality of river water to enable
frequent and multiple measurements (Hughes, 2003; Brouwer, 1985).
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In this study, we measured the electrical conductivity and the chloride ion concentration of an urban river
in Hyogo prefecture and compared the data obtained to the FCD for six months aiming to use these
parameters as an alternative or pre-examination and complementary measure for evaluating the water
quality. Furthermore, as a case study we investigated whether it is possible through these analyses to
identify the region in the city that might be responsible for a higher level of pollution in this urban river.

2. Material And Methods

2.1. Location of Toga River and sampling points
The Toga River (Toga-gawa) is one of the main rivers that �ow through the city of Kobe, Hyogo
prefecture, Japan. The river originates on the southern slopes of the Rokko Mountains and has a total
length of about 10 km with two main tributaries (Fig. 1). Downstream, the river runs through residential
areas, and in summer children play in the water (site A in Fig. 1).

The water samples were collected on May 9, June 4, July 9, August 8, September 4 and October 4, 2019,
at between 10h30 and 12h30. The sampling points were limited to the main stream and e�uent 2 sites
only, as shown in Fig. 1, because the preliminary survey ruled out the possibility of e�uent 1 as a source
of water pollution. The samples were collected in 15 mL plastic tubes, kept at 4°C, and electrical
conductivity and chloride ion concentration were measured within 1-2 days. For FCD measurements,
water was collected in 50 mL plastic tubes and analyzed immediately after collection.

2.2. Measurements

2.2.1. Electrical conductivity and chloride ion concentration
The electrical conductivity and chloride ion concentration of the sample water were measured with a
conductivity meter (LAQUAtwin-EC-33, HORIBA, Kyoto, Japan) and a digital pack test (Cl−) (DPM2-Cl,
Kyoritsu Chemical-Check Lab., Corp., Tokyo, Japan), respectively, according to the manufacturers’
instructions. The conductivity meter was carefully calibrated using a standard solution each time before
a measurement.

2.2.2. Fecal coliforms density (FCD)
The number of fecal coliforms in the sampled water were measured by the membrane �lter method
(Dufour et al., 1981) with some modi�cations: a 50 mL sample of river water was passed through a
membrane �lter (Millipore HA 0.45 µm) using an aspirator. The �lter was placed on a McConkey agar
plate containing lactose (1% w/v) and incubated at 44.5oC for 24 hours. Bile salt on the plate inhibits the
growth of most gram-positive bacteria, and the elevated temperature disturbs the non-fecal bacteria and
suppresses their growth. Differentiation between enteric microorganisms is achieved by the combination
of a neutral red indicator and lactose as the coliforms ferment lactose and produce acid that changes the
neutral red pH indicator from colorless to red. Acid production is also responsible for the formation of bile
salt precipitation. As a result, fecal coliforms form red colonies surrounded by a zone of bile salt
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precipitation. When the number of colonies on a �lter exceed one thousand, a reduced volume of sample
ideal for obtaining 10~200 colonies per plate was spread out and bacteria was grown as above. The red
colonies were counted and recorded as the number of coliform bacteria. The density of fecal coliform
bacteria in the water was calculated from the average of duplicate samples for each sampling spot.

2.2.3. Estimation of FCD
To develop a simple method for estimating the density of fecal coliform bacteria, we evaluated the
following three estimation models. The �rst model (model A) uses the electrical conductivity as the
independent variable to �t the logarithm of FCD in a simple linear regression and provides the formula as
an index for estimating FCD. In the second model (model B), the chloride ion concentration is used in
place of the electrical conductivity. The third (model C) is a multiple linear regression model where both
the electrical conductivity and the chloride ion concentration are independent variables in the equation
that estimates the logarithm of FCD as a response variable. Receiver operating characteristic (ROC)
analysis, which is a well-known strategy for assessing the �t of models to the actual measurement
results, was used to evaluate these three estimation methods (He et al., 2018). The Area Under the Curve
(AUC) method was used to determine the performance of the ROC curve algorithm (He et al., 2018).

3. Results
In recent years, occasional contamination with fecal coliforms has been observed in Toga River.
Contamination was found mainly at the main stream and e�uent 2 sampling points. As the purpose of
this study is to develop a method for easily detecting water pollution in rivers, samples were taken at
several points and their chemical characteristics were measured to investigate their connection to the
contamination of fecal bacteria.

3.1. Relationship between fecal coliform density (FCD) and
river water properties.
A total of 55 water samples were collected at �ve points in the Toga River water system (Fig. 1) between
May and October 2019, and the FCD, electrical conductivity at 25°C, and chloride ion concentration were
measured. As shown in Fig. 2A, electrical conductivity and FCD clearly showed a positive correlation with
a determination coe�cient of R2=0.547. While little correlation was observed between chloride
concentration and FCD with R2=0.051 (Fig. 2B). Multiple regression analyses were performed to obtain
the best estimation by using both electrical conductivity and chloride ion concentration, and the following
formula was obtained by using the ordinary least squares : 
log10(Bac) = 0.0314 × Ch + 0.0256 × Co − 1.97, where Bac is the estimated coliforms density
(cells/100 mL), Ch is the chloride ion concentration (mg/L), and Co is the electrical conductivity of the
sample water (µS/cm). Fig. 2C shows the correlation between the estimated values of FCD by the above
equation and the actual values of bacterial density, showing a slightly better correlation as compared
with Fig. 2A.
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3.2 Evaluation of mathematical models for estimating FCD
Next, receiver operating characteristic (ROC) analysis was performed to evaluate the estimation models
shown in Fig. 2. For each model, the ROC curve was plotted setting the threshold value of FCD at 1000
cells/100 mL, the limit for safe sea bathing within the regulation by the Ministry of the Environment of
Japan. The model performance was evaluated by calculating the area under the curve (AUC), which
indicated that Models A and C perform better than does Model B (Fig. 3). For each model, AUC values
were determined and plotted against different threshold values of FCD. As shown in Fig. 4, Models A and
C maintained high AUC values above 0.95 over a wide range of threshold values, suggesting that these
models can be used to assess FCD in the range between 300 and 2000/100 mL. Furthermore, addition of
the chloride ion concentration as an independent variable was found to add no bene�t to the estimation
of coliform bacterial density. Therefore, it was concluded that electrical conductivity alone is su�cient for
the estimation.

3.3. Estimation of coliform bacterial density in Toga River
According to the above investigation, seasonal changes in FCD were estimated from the electrical
conductivity of the water samples (Model A) as shown in Fig. 5. The results indicated that the pollution
level of Site A was closely related to Site C on the A�uent 2 site of the Toga river (Fig. 1), suggesting that
the source of the water pollution may have been somewhere along this a�uent zone. It was also shown
that no signi�cant river pollution was seen in July and September. This may indicate that the sewage
from the source was discharged intermittently.

4. Discussion
Water quality regulations for swimming and recreation are enforced around the world to protect humans
and the environment from hazardous pollution levels (Kirschner et al., 2009; Nevers et al., 2014; Reder et
al., 2015). Although the methods used to quantify microbial water quality vary, common procedures
include culturing of fecal microorganisms (e.g., Escherichia coli and enterococci) using indicator media.
However, these culture-based methods require time and labor before a result is obtained.

This study investigated whether FCD could be estimated from physical or chemical parameters of river
water which are easy and quick to measure. One parameter is electrical conductivity, and another is
chloride ion concentration. Electrical conductivity is considered one of the predictive parameters for water
hygiene, but its utility appears to vary from region to region. Guzman-Otazo et al. (2019) showed that
electrical conductivity was positively associated with DNA concentration, number of gapA-positive
bacteria and pathogenic E. coli in the Choqueyapu River in La Paz, Bolivia. In contrast, conductivity did
not show a signi�cant correlation with E. coli or total coliforms in the Red River basin of North Vietnam
(Nguyen et al., 2016) and in the groundwater within the gold mining environment of Ghana (Armah,
2014). Chloride ion concentration is also considered as a physicochemical indicator of water pollution
caused by organic waste from animals or industrial origins (Bhadra et al., 2003). David and Haggard
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(2011) showed that fecal bacterial concentrations were signi�cantly correlated with dissolved chloride
ion concentrations in the Illinois River in USA. In contrast, it was argued that chloride concentrations were
unrelated to fecal contamination in the Mfoundi River Basin of Yaoundé, Cameroon (Djuikom et al.,
2009). Our study also showed no signi�cant correlation between chloride ion concentration and FCD in
the Toga River, Japan. As described by Howard et al. (2004), chloride ions may be minimal as indicators
of water pollution, because they are often found in water originating from sources other than that
containing fecal matter. Chloride ions found in urban rivers may be due to various human activities such
as road salt removers, fabric softeners and discharge of sewage containing food waste (Hunt et al.,
2012). Kobe City’s location near the coast may also affect the seasonal or temporal change of chloride
ion concentration. On the other hand, our data showed that electrical conductivity was an excellent
parameter for estimating FCD in river water indicating its utility as a convenient and time-saving
screening tool. Urban rivers �ow through residential areas where agriculture, animal husbandry and
wildlife are not potential sources of water pollution, therefore, the increase of conductivity will mostly
re�ect contamination from sewage and household drainage. Furthermore, in the case of the Toga River,
possible causes of increased conductivity such as industrial e�uent and groundwater contamination are
rare, which seems to make electrical conductivity a reliable parameter.

The results of our study have revealed potential sources of fecal coliform contamination in the Toga
River. As shown in Fig. 5, high FCDs were estimated at sites A and C, but were lower at upstream sites D
and E. Site C showed the highest values at each sampling time, suggesting that a�uent 2 is at least
partly responsible for the pollution levels. The lower values at site B are probably due to the dilution of
a�uent 2 water in the main stream of the Toga River. A�uent 1 merges with the mainstream between
sites A and B, but our previous investigation con�rmed that this a�uent zone is adequately isolated from
the residential area and no signi�cant fecal coliform pollution was observed at any time (data not
shown). Therefore, it is unlikely that the in�ow of contaminated water from a�uent 1 caused high values
at site A. Further study and detailed investigations are necessary to clarify the reason for the observation
at site A.

Finally, Fig. 6 shows the correlation between the FCD measured at site C and the value estimated from the
electrical conductivity of the same sample water. There is a good correlation between the measured and
estimated values, indicating that electrical conductivity is a good indicator of fecal contamination. The
FCD varied greatly depending on the month of measurement, indicating that fecal contamination
occurred intermittently at the a�uent 2 site. In July and September, the FCD was below the value set by
the Ministry of the Environment of Japan as being suitable for swimming. The point where pollution
occurs and the frequency of discharge of polluted water are still unknown, but in the future, an attempt
will be made to identify the location of the source using electrical conductivity as an index.

Conclusions
This study showed that the electrical conductivity of a river in a Japanese city was signi�cantly
correlated with the density of fecal coliforms that were probably introduced from domestic wastewater.
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Measuring electrical conductivity is inexpensive, easy and quick. Therefore, this method is useful as a
preliminary test for the usually costly and time-consuming test of fecal coliforms density, and as a means
for identifying the location of river pollution caused by accidental in�ow of domestic wastewater.
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Figures

Figure 1

Schematic diagram of the Toga River system and the sampling points. The Toga River passes through
the Kobe City from north to south and has two main a�uent sites. Site A has a water park, which is
designed in a way where children canplay in the river in summer.
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Figure 2

Relationship between the density of fecal coliform density and river water properties. A total of 55 water
samples were collected from �ve points in the Toga River water system, and the FCD, electrical
conductivity at 25°C, and chloride ion concentration were measured. The relationship between FCD and
electrical conductivity (A), and between FCD and chloride ion concentration (B) was depicted. (C) The
relationship between the estimated FCD using the equation 1) obtained by multiple regression analysis
and actual measured FCD. Each graph shows the r2 value.

1) equation: log10 (Bac) = 0.0314 X Ch + 0.0256 X Co – 1.97, where Bac is the estimated coliform density
(cells/ 100 mL), Ch is the chloride ion concentration (mg/L), and Co is the electrical conductivity of the
sample water (μS/cm).

Figure 3

ROC curves determined by three different statistical models to estimate the density of fecal coliform
bacteria in water. The threshold value of the FCD was set at 1000/100 mL. AUC values were calculated
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directly from the graphs. Left (Model A): linear regression model with electrical conductivity as a single
parameter. Middle (Model B): linear regression model with chloride ion concentration as a single
parameter. Right (Model C): multiple regression model with electrical conductivity and chloride ion
concentration as predictor variables using the equation shown in Fig. 2C. Comparison of the AUC values
shows that Models A and C are better than B. In model A, the cut-off value was 177 mS/cm.

Figure 4

The area under curves (AUC) are calculated for three different statistical models for estimating the
density of fecal coliform bacteria in water. For each model, ROC curves were plotted against different
threshold values of the FCD between 300 and 2000 in 100 mL. AUC values were calculated directly from
ROC curves. Solid line: linear regression model with electrical conductivity as a single parameter (model
A). Broken line: linear regression model with chloride ion concentration as a single parameter (model B).
Dotted line: multiple regression model with electrical conductivity and chloride ion concentration as
predictor variables (model C).
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Figure 5

Seasonal changes in the density of fecal coliform bacteria at different sampling points. The FCD was
estimated from the electrical conductivity of the water samples. Very little river pollution was observed in
July and September, which indicates that the discharge of sewage from the pollution source occurred
intermittently.

Figure 6
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Correlation over time between the density of fecal coliform measured and the value estimated from the
electrical conductivity at site C. The measured and estimated values show a good correlation. 


