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Abstract
Environmental management, wastes recycling, pollution 

prevention and wastewater treatment have become the critical issues 
and are included in the Sustainability Development Goals (SDGs). 
Rapid development in Malaysia has indirectly produced high level of 
wastes which inevitably ends up in the water bodies. Batu Pahat river 
are among the Malaysian rivers system that shows sign of sickness 
due to pollution cause by irresponsible dumping of domestic and 
industrial waste. Recently, potential usage of microorganism to reduce 
pollution in waste water/river water is highly discuss. Hence, the aim 
of this study is to evaluate the efficacy of new designed water filtration 
system which incorporate microorganism to improve the quality of 
natural water resource. The study was conducted to assess the physical 
and chemical water quality parameters of Batu Pahat River. A number 
of physiochemical water quality parameters were measured on-site. 
Water samples was tested for selected metal analysis which shown a 
minimum level in general in Batu Phat river. The result obtained shows 
that Effective Microorganism (EM) mud ball itself are not capable to 
reduce much of the concentration of COD as the COD increased from 
170mg/L to 347mg/L where it increased 104% compare to the COD 
in the water system. The mixture of lotus pods and EM mud ball have 
the potential to reduce 15% of the COD concentration from 158mg/L 
to 135mg/L. Using lotus pod as a vessel capable in reduction of water 
minerals such as Na+, Ca2+ and K+ concentration, neutralized water 
pH to optimum level, increased DO level above 5 mg/L and enhanced 
the performance of microorganisms in the water system. The micro-
technology system with lotus pods mixed with EM mud ball showed 
enhancement growth of microorganisms and better removal efficiency 
pollutants for sustainable management of natural water resource. 
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Introduction
All living organisms need water for growth, metabolism and 

reproduction. Natural water bodies such as rivers, lakes, ponds, 

wetlands, oceans and glaciers are important natural resources 
that involved in human consumption, domestic and industrial 
activities, agricultural practices, development as well as 
environmental activities. Rapid development and over-population 
has depleted the natural resources on earth and increased 
pollution level which threatened the health of environment. 
Water pollution was contributed by chemical contaminants 
and sewage wastes that flow into the water bodies which come 
from point sources and non-point sources. Point sources are 
defined as any single point where the pollutants discharged and 
easily detected. The examples are wastewater treatment plant, 
chemical wastes from industries and sewage wastes from farms. 
Non point sources refer to diffusible points from main sources 
which are difficult to detect where the contaminants come from. 
For instance, agricultural runoffs, storm water runoffs and urban 
runoffs. These contaminants disposed directly or indirectly into 
the water bodies can increase level of nutrients and bacteria in 
the water that can degrade the water quality of the water bodies 
and increase the disease outbreak. 

Batu Pahat River was one of the polluted rivers which 
are currently in Class III at upstream and Class IV at middle 
stream based on Water Quality Index (WQI) [18]. According 
to Department of Environment (2015), the WQI of Batu Pahat 
River in 2014 and 2015 were 57 and 61 respectively which 
were in status of slightly polluted range. Batu Pahat River is 
originating from Sg. Simpang Kanan, Tongkang Pechah and 
then to the river mouth of Pantai Minyak Beku. The major role 
of Batu Pahat River was functioned as a pathway for irrigation, 
transportation, fisheries and water reservoir created by Bekok 
and Sembrong dams to store and supply water. Batu Pahat was 
one of the contributors to Johor’s manufacturing industrial town 
such as textile, electronics, food processing, timber and plastic. It 
also contributes agricultural practices where Batu Pahat was the 
largest rubber, oil palm and cocoa plantation in Johor. Commercial 
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fisheries in Batu Pahat are well-known as it located near the river. 
Inappropriate or undeveloped wastewater treatment has become 
critical issues due to irresponsible and uncontrolled dumping 
waste and contaminants into the water bodies. Hence, a practical 
wastewater treatment has to be implemented to maintain and 
improve the water quality of Batu Pahat River.

Methods used to treat wastewater previously were 
Effective Microorganism technology using EM mud ball, aquatic 
macrophyte of water hyacinth, a phytoremediation agent and 
lotus plant as a tool in water bioremediation. These implications 
has the capabilities with their distinctive features in removing 
organic and inorganic pollutants including organic waste, heavy 
metals, sediments, water nutrients and microbial population. 
Yet, limitations of these technologies were observed due to 
insufficient study or no extension researches in long-term after 
application.

In this study, a new water filtration system was developed 
incorporated with microorganisms for wastewater treatment. The 
biological filtration system was added with lotus pod as filter to 
reduce the nutrients and sediment in the water and act as a media 
for microorganisms’ growth. Water quality testing is carried out 
in-situ and at Batu Pahat River and ex-situ in laboratory using 
LAQUA Twin meter. Microbe identification is also carried out 
to determine the opportunistic bacteria present in Batu Pahat 
River by bacterial culture using nutrient agar and MacConkey 
agar. Gram-staining test and oxidase test are used to determine 
the culture bacteria colony are positive or negative bacteria and 
oxidase positive or negative. Identification of bacteria are tested 
using RapID TM ONE System and RapID TM NF PLUS System. 
The results are identified in microcode form and determine 
the bacteria species using Electronic RapidTM Compendium 
identification (ERIC). The efficiency of lotus pod as filter was 
measured by testing the water parameters such as sodium (Na+), 
calcium (Ca2+), nitrate (NO3

-), potassium (K+), pH, ammonia 
(NH3), Dissolved Oxygen (DO), Chemical Oxygen Demand (COD) 
and microbe concentration at OD600. The objectives of this study 
were the evaluate the water quality of Batu Pahat River and to 
design and evaluate the efficiency of lotus pod as filter in micro 
technology system for polluted water treatment.

Methods
Water Quality Testing

Pre-test 

Water samples and soil samples were collected every week 
for water quality testing from selected sites [Si Hai Long Wang 
temple (1.8431° N, 102.9243° E), Stadium Batu Pahat (1.8447° 
N, 102.9328° E) and Pine tree downstream (1.86° N, 102.94° E)]. 
The water samples were collected from the constantly flowing 
river water whereas the soil samples were collected from the 
bottom of the river. 

Post-test

In-situ 

The testing were carried out in-situ in Batu Pahat River at 
Si Hai Long Wang temple (1.8431° N, 102.9243° E) in mid of 
December using SERA Testing kit. It was tested for once a week 
for one month. The water parameters included NO3-, pH, O2 and 
NH3. The analysis was triplicated for testing. These kits were 
using color chart for comparison with the mixed water sample 
with reagents and the concentration of each parameters were 
based on the color. 

Ex-situ 

Water samples of 40 mL from the Si Hai Long Wang temple 
were collected during mid of December by Grab sampling and 
brought back to Aquatic Science lab, UCSI University for analysis. 
The soil sample with a total of 50 g was also brought back by using 
soil tube for collection and sent to Bio Synergy lab for analysis. 

a. Treatment MHL (mud ball, water hyacinth & lotus pod)

A total of 10 L of water sample was poured into 4 containers 
respectively. One of the containers act as control treatment 
(MHLC) where no vessel was added into the water sample while 
the other three beakers were added with one dried EM Mud ball 
(MHL1), water hyacinths (MHL2) and dried lotus pod (MHL3) 
respectively table 1. These MHL treatments were run for 3 weeks 
and the water parameters results of Na+, NO3-, Ca2

+, K+, pH and 
NH3 were taken once a week in triplicates. Meanwhile, the 
concentration of COD was taken from each sample once a week 
by using COD reactor. The results of COD concentration were 
measured using COD Vario photometer. 

Table 1: Treatment MHL with their respective vessels

Treatment Vessels Amount

MHLC No vessel -

MHL1 EM Mud ball 10 g/L

MHL2 Water hyacinth with 3 
leaves (a stalk)

15 g/L

MHL3 Lotus pod + EM Mud ball 15 g/L

b. Treatment ML (mud ball + lotus pod)

After three weeks treatment finished, another treatment 
were set-up by using Lotus pod mixed with EM Mud ball table 2. 
These treatments were run for three weeks where the results of 
Na+, NO3

-, Ca2
+, K+, DO and microbe absorbance were taken four 

times a week in triplicated. Statistical analysis was calculated 
using t-Test in Microsoft Excel.

Microbe Identification 

Bacteria Culture

Preparation of bacteria culture started with sterilizing the 
laboratory bench and apparatus with 70% ethanol and set up the 
Bunsen burner on the bench to prevent contamination. 
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Table 2: Amount of EM Mud ball mixed with lotus pod in Treatment 
MLC, ML1, ML2 and ML3

Treatment Lotus pod EM Mud ball Ratios

MLC 0 g 0 g 0:00

ML1 40 g 10 g 4:01

ML2 40 g 20 g 2:01

ML3 40 g 80 g 1:02

Cotton Swab Method

In this study, the first culture was streaked using cotton swab 
by touching the water samples from Si Hai Long Wang temple and 
swabbed on each pure nutrient agar and MacConkey agar. The 
streaking was in a zigzag pattern on each quadrant of the plate. 
Each water samples was streaked for three sets. After streaked, 
the petri dishes were parafilm and incubated for 24 hours to 
allow growth of bacteria. 

Inoculation Loop Method

After first culture, the bacteria growth was replicated. An 
inoculation loop was first sterilized by passing through the flame 
of Bunsen burner. Then, the loop was cooled down and picked 
a colony from the first culture and streaked on the new pure 
nutrient agar and MacConkey agar respectively. The first streak 
was streaked in a zigzag pattern back and forth. The loop was re-
sterilized after each streak. 

Next, the second streak was streaked by turning the plate in 
900 and dragging the end of first streak in three times continuing 
the zigzag motion. The procedure was repeated for third streak 
and fourth streak. After streaked, the petri dishes were parafilm 
and incubated for 24 hours. Culture of bacteria was repeated until 
obtaining a single pure colony. 

Gram Staining and Oxidase Test

Gram staining was carried out to identify gram type of 
bacteria using crystal violet solution. In another hand, a single 
pure colony was picked up from nutrient agar and MacConkey 
agar respectively to spread over the filter paper with each drop of 
the reagent. This process is used as oxidase test.

RapIDTM System Test – Gram-negative Bacteria (Thermo 
Scientific)

In this study, identification of gram negative bacteria was 
obtained from Gram staining method. After oxidase test, the 
bacteria species was identified by using RapIDTM System Test 
including RapIDTM ONE System and RapIDTM NF plus System 
respectively based on oxidase results.  

RapIDTM ONE System (Thermo Scientific)

RapIDTM ONE System consisted of RapID ONE Panels which 
have 18 reaction cavities respectively on a tray and reagents of 
RapID ONE Reagent, RapID Inoculation Fluid as well as RapID 
Spot In dole Reagent. The reagents were stored at 40C until 

use meanwhile the inoculation fluid can be stored at room 
temperature. Each reaction cavities contained respective 
dehydrated reactants which will react with the inoculation fluid 
containing pure bacteria colony.

RapIDTM NF plus System (Thermo Scientific)

RapIDTM NF plus System consisted of RapID NF plus Panels 
which have 10 reaction cavities respectively on a tray and the 
reagents included RapID NF plus Reagent, RapID Inoculation 
Fluid, RapID Nitrate a Reagent as well as RapID Spot In dole 
Reagent. The inoculation fluid was stored at room temperature 
whereas the rest of the reagents were stored at 40C until use. 
All these reagents have to be equilibrated to room temperature 
before used for testing. The 10 reaction cavities contained 
different dehydrated reactants in each cavity which react with the 
inoculation fluid containing bacteria species. 

Lotus Pod Efficacy in Water Filtration System

Lotus pod was used as an empty vessel in the water 
filtration system for wastewater treatment in order to remove 
high concentration of water nutrients and organic waste in the 
water body. In this study, two treatments were using non-vessel 
treatment as control and lotus pod treatment respectively. The 
treatments were run for a week to measure the efficiency of 
vessel as compared to non-vessel in pollutant removal.

Treatment L (Lotus pod)

A total of 1.75 L of green water was added into two fish 
tanks respectively. The green water was cultured in Aquatic 
Lab, UCSI University, which was used to represent water body 
with high level of water nutrients, algae and organic waste. In 
control treatment (LC) where no vessel was added to the water 
while lotus pod treatment (L1) was added with lotus pod in the 
filtration system as bio filter table 3. 

Table 3: Treatment L with their respective vessels

Treatments Vessels Amount Green Water Volume

LC No vessel - 1.75 L

L1 Lotus pod 10.59 g 1.75 L

These treatments were run for a week and test for the water 
quality by measuring water parameters of Na+, Ca2+, NO3

-, K+, NH3, 
pH, DO and microbe concentration. The measurements were 
triplicated and recorded daily for each parameter.

Colorimetric method – NH3 Concentration

NH3 concentration was measured using manual colorimetric 
method by micro plate reader. It was tested for both Treatment 
LC and L1. 100 mg/L of NH4

+ standard solution were used and 
prepared by serial dilution as shown in table 4. The total volume 
of standard solution prepared was 20 mL each as the reagent 
were NH3 Test (SERA kits) which required 10 mL of sample 
solution to be tested. After standard preparation, 6 drops of each 
reagent 1, reagent 2 and reagent 3 were added into each standard 
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Table 4: Preparation of standard solutions

Tubes Volume of Standard Volume of Deionized water Total volume Dilution factor

1 2.00 mL 18.00 mL 20.00 mL 1/10

2 10.00 mL (from Tube 1) 10.00 mL 20.00 mL 1/2

3 10.00 mL (from Tube 2) 10.00 mL 20.00 mL 1/4

4 10.00 mL (from Tube 3) 10.00 mL 20.00 mL 1/8

5 10.00 mL (from Tube 4) 10.00 mL 20.00 mL 1/16

6 10.00 mL (from Tube 5) 10.00 mL 20.00 mL 1/32

7 10.00 mL (from Tube 6) 10.00 mL 20.00 mL 1/64

8 10.00 mL (from Tube 7) 10.00 mL 20.00 mL 1/128

9 10.00 mL (from Tube 8) 10.00 mL 20.00 mL 1/256

accordingly. Then, master mix was prepared from water sample 
of each Treatment L by adding the reagents similar to standard. 

After that, 200 μL of each standard and master mix were 
transferred using micropipette into the 96-well of microtiter 
plate accordingly. Then the microtiter plate was placed in the 
micro plate reader for absorbance reading at OD650 and read for 
three times.

Statistical Analysis
Statistical analysis was calculated using t-Test in Microsoft 

Excel.

Results and Discussion
From the pre-test results of three selected site which were Si 

Hai Long Wang temple (1.8431° N, 102.9243° E), Stadium Batu 
Pahat (1.8447° N, 102.9328° E) and Pine tree downstream (1.86° 
N, 102.94° E) in the end of November 2018, the measurement of 
water parameters using SERA Test kits showed that water from Si 
Hai Long Wang temple was the most polluted and contaminated 
among the others (data not presented). This was due to the Batu 

Pahat River was branched and disseminated as drainage basin to 
Stadium Batu Pahat and Pine tree downstream in small quantity 
of water. As the water from main river flow to the drainage basin in 
Stadium Batu Pahat and Pine tree downstream, the water volume 
was disseminated and depended on the raining season. The 
reason was that the water in the drainage basin was sometime 
get dry and able to see the bed when the weather was hot and dry 
as the drainage depth was shallow. Hence, the water sample from 
Stadium Batu Pahat and Pine tree downstream was not collected. 
Besides, water from Si Hai Long Wang temple was come from 
the main river of Batu Pahat which was more corresponds to the 
actual situation of Batu Pahat River. 

IN-SITU

Based on the results from table 5 below, the in-situ water 
quality testing by measuring the water parameters in Si Hai Long 
Wang temple with coordinate of 1.8431° N, 102.9243° E using 
SERA Test kits to analyse the concentration of water parameters 
on the spot. The analysis results showed no significant changes 
from week 1 to week 4. The results showed were mean ± standard 
deviation (SD). 

Table 5: Concentration of NO3
-, pH, O2 and NH3 taken in-situ

Weeks Parameters

NO3- pH O2 NH3

1 0.00 ± 0.00 4.67 ± 5.00 6.00 ± 0.00 1.00

2 0.00 ± 0.00 5.83 ± 0.29 4.00 ± 0.00 0.5

3 0.00 ± 0.00 4.50 ± 0.00 4.00 ± 0.00 1.00

4 0.00 ± 0.00 4.67 ± 0.29 4.33 ± 0.58 1.00

The data of the table was mean ± SD. The analysis was taken during December of 15, 22 and 26 as well as 3 of January. It was taken once a week. The 
time during analysis was approximately 12 noon with a sunny weather. In the mid of December, the season was raining season.

Natural occurring NO3
-  was present in low concentration in 

water body which was less than 1 mg/L. The water quality testing 
using SERA Test kits showed that NO3

- concentration was 0 mg/L 
and yellow solution for all 4 weeks. The NO3

- concentration was 
low might be due to the water was polluted with nitrogen-rich 
organic matter. High organic matter present in the water reduced 
the DO level in the water body as decomposition happens which 

directly slow down the conversion of NH3 to NO3
- as nitrification 

required O2 [14]. Low concentration of NO3
- does not harm to 

aquatic organisms, however, excess NO3
- which more than 50 

mg/L cause significant effect on human health.

NH3 in the water body was more toxic to aquatic organisms 
especially fish even in very low concentration compared to 
NO3-. Natural NH3 in water body are toxic to aquatic organisms 
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and indicated contamination if the concentration was higher 
than natural level which was more than 0.03 mg/L. The safe 
concentration of NH3 was in the range of 0.02 to 0.4 mg/L. From 
the analysis test, the NH3 levels from selected site were 0.5 
mg/L and 1 mg/L which were more than 0.03 mg/L. The color 
observations of the solution were light green and green.

The river water from selected site was considered in polluted 
range as the NH3 concentration was more than 0.03 mg/L. The NH3 
concentration was high because of the excretion of nitrogenous 
waste products from fish in the water, agricultural runoff, sewage 
effluent and irresponsible dumping of trash from the selected 
site into Batu Pahat River. As many events carried out throughout 
the whole year at selected site temple, the unwanted rubbish and 
waste were directly thrown into the river water which eventually 
increased the NH3 level in the water. Besides, high NH3 might due 
to high water temperature and pH level [23].

Water measurement for pH level was considered slightly 
acidic which were around 4.5 to 5.8. This level was not suitable 
for a freshwater ecosystem as acidic water indicated there were 
high organic pollutants that acidify the water. The optimum water 
pH of a river system was 7.4. The colors of the solution after 
added reagents were orange, light orange and dark yellow for 4 
weeks. Moreover, high level of NH3 can reduce the pH of water. 
Acidic water were caused by high water temperature, chemical 
contaminants discharged, sewage effluents and fossil fuel 

emissions such as carbon dioxide especially for Chinese temple 
practices that burn joss stick and fake money. Acidic water might 
affected the tolerance of fish species living in the water column 
and stressful to them which can physically damage their body 
system [19].

For O2 level, the results were between 4 mg/L to 6 mg/L. The 
color of solution was yellowish-brown to brown after reagent 
was added into the water samples. High inputs NH3 concentration 
in the water reduced the level of O2 as oxidation of nitrogen-
rich organic waste reduced oxygen level available in the water 
column [31]. High organic matter in the water body can increase 
the competition of oxygen uptake between aerobic bacteria for 
decomposition and fish for physical voluntarily activities as well 
as metabolism [6]. Low oxygen level in the water are stressful to 
fish as most freshwater fish required at least 5 mg/L and more for 
excellent growth and reproduction  performance.

EX-SITU

The analysis for water samples for Treatment MHL and ML 
were measured the water parameters using LAQUA Twin meters 
and COD reagent to test. The soil samples were brought to Bio 
Synergy for analysis. 

Treatment MHL

Laboratory analysis for water parameters of Na+, pH, NO3
-, 

Ca2+, K+ and NH3 in Treatment MHL was shown in table 6 below. 

Table 6: Concentration of water parameters in Treatment MHL

Weeks
Na+

Parameters

pH NO3- Ca2+ K+ NH3

Before treatment 

No vessel 1433 ± 57.74 6.38 ± 0.04 113 ± 5.77 67 ± 1.53 51 ± 0.58 5

After treatment 

1 MHLc 1667 ± 57.74 6.77 ± 0.01 153 ± 3.61 103 ± 6.43 67 ± 2.52 5

MHL1 2000 ± 0.00 7.66 ± 0.03 266 ± 5.29 167 ± 5.77 190 ± 10.00 0

MHL2 1767 ± 57.74 6.45 ± 0.02 197 ± 7.02 110 ± 10.00 68 ± 1.53 0

MHL3 1600 ± 0.00 7.32 ± 0.03 217 ± 15.28 139 ± 1.16 203 ± 5.77 5

2 MHLC 2200 ± 0.00 6.50 ± 0.06 203 ± 5.77 140 ± 1.53 111 ± 3.06 5

MHL1 1800 ± 0.00 8.95 ± 0.05 260 ± 2.00 121 ± 4.16 161 ± 6.56 0

MHL2 1200 ± 0.00 5.95 ± 0.05 140 ± 2.52 85 ± 5.86 37 ± 3.056 0

MHL3 1400 ± 0.00 7.67 ± 0.02 269 ± 1.73 140 ± 1.53 210 ± 3.00 5

3 MHLC 3600 ± 0.00 5.44 ± 0.07 315 ± 5.69 252 ± 2.65 232 ± 5.69 10

MHL1 1967 ± 57.74 8.75 ± 0.09 251 ± 4.58 191 ± 3.06 205 ± 5.00 0

MHL2 1500 ± 0.00 6.27 ± 0.03 162 ± 4.36 169 ± 2.65 66 ± 3.61 0

MHL3 1500 ± 0.00 7.74 ± 0.08 222 ± 4.73 220 ± 3.51 180 ± 3.00 0

The data in the table was mean ± SD. The unit for water parameters of Na+, NO3
-, Ca2+, K+ and NH3 was milligram per liter (mg/L).  Treatment of MHL 

indicated addition of EM Mud ball (M), water hyacinth (H) and lotus pod (L); MHLC = control treatment, MHL1 = EM Mud ball treatment, MHL2 = 
water hyacinth treatment and MHL3 = lotus pod treatment. 
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The results were taken for 3 weeks as the presence of mosquitoes’ 
larvae and the health condition of aquatic plants easily wilt as it 
growed under natural sunlight. The data showed were mean ± SD.  

Minerals Deposited Increased 

Based on table 6, the water minerals dissolved increased for 
all the treatments in these 3 weeks. Water parameter of Na+ for 
Treatment MHLC was dramatically increased 151% from 1433 
mg/L up to 3600 mg/L which doubled up the concentration after 
3 weeks. For Treatment MHL1 where EM Mud ball increased 
the Na+ concentration by 37% whereas Treatment MHL2 and 
Treatment MHL3 were increased slightly of 4.7% only. However, 
the Na+ concentration for a river system was ranged from 20 
mg/L to 120 000 mg/L where the Na+ concentration for all 
Treatment MHL were still in the range. 

For Ca2+ and K+ concentration, all the treatments were 
increased dramatically especially for Treatment MHLC where 
no vessel was added to treat the water quality compared to 
those with vessels in treatment. Both water parameters in all 
treatments were not in the safe range of a river system as they 
exceed the concentration limit where the concentration of Ca2+ 

and K+ should be in the range of 4 mg/L to 100 mg/L and 2 mg/L 
to 3 mg/L respectively. This might be due to the amount of metal 
products, disinfectants and fertilizers along Batu Pahat River flow 
into the water body that contributed to high concentration of Ca2+ 
and K+. However, water hyacinth in Treatment MHL2 was in lower 
concentration compared to Treatment MHL1 and Treatment 
MHL3 as water hyacinth has the capability in reducing metal ions. 
While EM Mud ball can promote excessive nutrients in the water 
which can enhance the phenomenon of algal bloom. 

Conversion of NH3 to NO3
-

From table 6, NH3 concentration before treatment was 5 
mg/L which was light green color after reagents were added. The 
favorable range was between 0.02 mg/L to 0.4 mg/L. Hence, the 
water was considered not healthy and not safe for fish species 
as it was more than 0.03 mg/L. In Week 1 and Week 2, the NH3 

concentration for Treatment MHL1 and Treatment MHL2 were 
reduced to 0 mg/L whereas Treatment MHL3 remained as 5 
mg/L. Yet, the concentration of NH3 was reduced to 0 mg/L 
for all treatments in Week 3 while the concentration of NH3 for 
Treatment MHLC increased to 10 mg/L which was toxic to the 
water and fish species. 

The concentration of NH3 reduced to 0 mg/L might because 
of the conversion of NH3 to NO3

- which was not harmful as NH3 to 
aquatic organisms. NO3

- acts as an essential nutrient for aquatic 
plants to enhance their growth and reproduction which in turn 
become food source to other organisms in higher food chain. From 
the results obtained, the NO3- concentration for all treatments 
was more than 80 mg/L which indicated the river of Batu Pahat 
was polluted. Excessive NO3- in the water can cause adverse effect 
to fish species as different fish have difference tolerance to NO3

-. 

Concentration of 0 mg/L to 40 mg/L are still generally safe for 

fish species and when exceed 80 mg/L, it become toxic to fish 
species [5]. Besides, the concentration increased was contributed 
by runoffs from agricultural and construction site along the Batu 
Pahat River which wash off the nitrates in the fertilizers and 
wastes that flow into the river.

Neutralized Water pH

According to the results above, Treatment MHL1 and Treatment 
MHL3 using EM Mud ball and lotus pod respectively have the 
capacity to neutralize water pH of river water samples from 
selected site. Before treatment, the pH value of control treatment 
where no vessel was added was 6.375 which were higher than that 
of in-situ measurement. This was due to the events carried out in 
the temple where Chinese New Year festival was celebrated. As 
more locals and tourist visited and pray for blessing and fortune, 
the Chinese temple practices were organized more frequently 
than usual. More wastes and metal ions introduced into the water 
contributed to high level of minerals which increased the water 
pH. After running for 3 weeks, the pH value was lower to 5.441 
which were acidic. Acidic water can speed up the leaching of 
heavy metals dissolved in the water and accumulate the metal 
ions in the body of aquatic organisms. Besides, acidic water was 
harmful to aquatic organisms especially to juvenile fish and water 
insects as well as hatching of eggs. 

Fluctuation of water pH can bring adverse effect to aquatic 
organisms and water quality of ecosystem. The pH value of 
Treatment MHL1 was gradually increased to 8.747 which were 
slightly changed to basic water. Whereas Treatment MHL3 was 
increased the pH value and maintained in the range of 7.3 to 7.6 in 
these 3 weeks. In week 3, the pH value was 7.74 where it reached 
the optimum level of pH for river system. Hence, Treatment MHL3 
was considered the best option among Treatment MHL1 and 
Treatment MHL2 to act as a buffer to control as well as maintain 
pH value of river water.

Reduction in COD concentration 

From table 7, it can be seen that Treatment MHL2 and 
Treatment MHL3 using water hyacinth and lotus pod respectively 
have the capability in reducing the COD concentration in the 
water sample. High COD concentration indicated high amount of 
oxidizable organic matter in the water sample and also required 
high amount of oxygen to oxidize them. COD concentration of 
Treatment MHL2 and Treatment MHL3 were reduced by 50% and 
15% respectively which means that the amount of organic matter 
in the water body was reduced after 2 weeks. Meanwhile, the 
COD concentration for Treatment MHL1 was increased by 104% 
which doubled up the amount of organic matter and pollutants 
in the water sample and more oxygen needed to decompose 
them. This can decrease the amount of oxygen available for 
aquatic organisms as oxygen was competed by aerobic bacteria 
to degrade the pollutants. High COD concentration also affects the 
water quality due to high amount of pollutants and low level of 
DO available in the water column. EM Mud ball as a vessel used 
for wastewater treatment can induce more microbes into the 
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Table 7: COD Concentration in Treatment MHL for 2 weeks

Weeks MHLC MHL1 MHL2 MHL3

1 358 mg/L 170 mg/L 38 mg/L 158 mg/L

2 351 mg/L 347 mg/L 19 mg/L 135 mg/L

Increased % -2% 104% -50% -15%

Unit = mg/L

water body and eventually reduce more DO level available in the 
water. 

The general environmental pollutants effluents were at 
maximum of 250 mg/L. Thus, Treatment MHL1 had a COD 
concentration of 347 mg/L which exceeded the tolerance limit of 
COD concentration into the surface water body as compared to 

Treatment MHL2 and Treatment MHL3 which had 19 mg/L and 
135 mg/L respectively. The categories of Batu Pahat River based 
on WQI are Class V for Treatment MHLC, Treatment MHL1 and 
Treatment MHL3 whereas Class II for Treatment MHL2 [32] figure 
1.

Treatment ML

As water hyacinths have vigorous growth issues which can 
colonize the whole surface of water body, combination of EM Mud 
ball and lotus pod with different ratio were selected to be used 
in wastewater treatment (Treatment ML). Based on the results 
obtained from table 8, all parameters were rising gradually for 
all treatments. After a week, concentration of Na+, Ca2+ and K+ for 
Treatment MLC, Treatment ML1, Treatment ML2 and Treatment 
ML3 were increased gradually. 

Figure 1: Malaysia WQI categories. [Adapted from: http://file.scirp.org/Html/5-6701963_36314.html]

Table 8: Concentration of water parameters and microbe in Treatment ML

Days
Na+

Parameters

NO3- Ca2+ K+ Microbe

Before treatment 

No vessels 140 ± 0.00 128 ± 6.81 58 ± 2.08 45 ± 4.58 0.13 ± 0.06

After treatment

D1 MLC 140 ± 0.00 121 ± 1.15 59 ± 2.65 46 ± 2.52 0.100 ± 0.01

ML1 140 ± 0.00 371 ± 7.02 37 ± 3.51 162 ± 3.21 0.16 ± 0.01

ML2 150 ± 0.00 406 ± 5.51 40 ± 3.51 214 ± 3.79 0.15 ± 0.02

ML3 160 ± 0.00 472 ± 2.52 41 ± 0.58 283 ± 3.79 0.22 ± 0.01

D3 MLC 180 ± 0.00 123 ± 1.53 70 ± 1.53 142 ± 2.08 0.18 ± 0.01

ML1 140 ± 0.00 353 ± 4.36 56 ± 1.53 141 ± 2.65 0.25 ± 0.02

ML2 150 ± 0.00 161 ± 1.15 68 ± 2.08 181 ± 7.02 0.48 ± 0.04

ML3 170 ± 0.00 438 ± 3.46 74 ± 3.61 262 ± 3.21 0.32 ± 0.01

D5 MLC 223 ± 5.77 126 ± 2.08 65 ± 1.53 148 ± 0.58 0.27 ± 0.05

ML1 183 ± 5.77 169 ± 1.15 94 ± 0.58 173 ± 4.16 0.21 ± 0.01
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ML2 160 ± 0.00 64 ± 2.08 121 ± 1.15 239 ± 1.73 0.34 ± 0.03

ML3 180 ± 0.00 202 ± 3.21 121 ± 1.53 300 ± 2.52 0.28 ± 0.01

D7 MLC 240 ± 0.00 133 ± 4.58 71 ± 1.53 190 ± 3.51 0.16 ± 0.02

ML1 220 ± 0.00 204 ± 3.61 101 ± 1.53 163 ± 3.79 0.28 ± 0.01

ML2 200 ± 0.00 57 ± 0.58 120 ± 0.58 189 ± 1.73 0.26 ± 0.03

ML3 257 ± 5.77 242 ± 2.08 170 ± 0.58 301 ± 1.15 0.25 ± 0.01

The data in the table was mean ± SD. The unit for water parameters of Na+, NO3
-, Ca2+ and K+ was milligram per liter (mg/L).  Treatment of ML indicated 

combination of EM Mud ball (M), and lotus pod (L) with different ratio; MHC = control treatment, ML1 = EM Mud ball + lotus pod (1:4), MHL2 = EM 
Mud ball + lotus pod (1:2), and MHL3 = EM Mud ball + lotus pod (2:1). 

a. Reduction in NO3
- concentration

As for NO3- concentration, the percentage of ratio in Treatment 
MLC, Treatment ML1 and Treatment ML3 were increasing by 3.9%, 
55% and 89% respectively while for Treatment ML2, it decreased 
by 55%. Among these treatments, Treatment ML2 with EM Mud 
ball and lotus pod at a ratio of 1:2, had better capacity in reducing 
and maintaining the water parameters at the acceptable range 
which were 57 mg/L as it was less than 80 mg/L that will not 
harmful to fish species. For Treatment ML1 and Treatment ML3, 
the ratio of EM Mud ball and lotus pod added were 1:4 and 2:1 
respectively which might promote excessive nutrients into the 
water that can contribute to algal bloom due to more EM Mud 
ball were added as compared to Treatment ML2. 

b. Microbial Growth Enhancement

Microorganism in the water body can be naturally and 
synthetically induced that are non-native to the aquatic 
environment [1,3]. EM Mud ball contained lactic acid bacteria, 
photosynthetic bacteria and other beneficial microorganisms. 
These bacteria have the capacity to break down the organic 
pollutants and also eventually induced more microorganisms into 
the water body. Table 8 showed the concentration of microbe in all 
Treatment ML had increased in Day 7. This happened because the 
amount of minerals which are the food source of microorganisms 
had increased that enhanced the microorganism’s growth. The 
bacteria species obtained from water samples of Treatment ML 
were shown in table 10. 

Statistical Analysis
The significant different among Treatment MHL and 

Treatment ML were calculated using t-Test as shown in table 
9. Based on the results, the Na+, Ca2+ and K+ concentration had 
significant difference between Treatment MHL and Treatment 
ML as the p-value were less than 0.05. These concentrations were 
much lower in Treatment ML compared to Treatment MHL as 
the data in Treatment ML were more consistency based on SD 
and the increasing ratio were much lower. The reason is that 
Treatment ML were using the combination of EM Mud ball and 
lotus pod rather than using only one vessel in each treatment 
as in Treatment MHL. On the other hand, concentration of NO3

- 

showed no significant different between these treatments as the 

p-value was more than 0.05. Both Treatment MHL and Treatment 
ML had the capability to convert NH3 to non-toxic form of NO3

-. 

Soil Analysis
The 30 g of soil samples was collected at Si Hai Long Wang 

temple along the Batu Pahat River using soil tube. The analysis 
results from Bio Synergy lab were showed in table 10 and table 
11 respectively. 

Based on the results in table 10, the aerobic bacteria obtained 
from brown soil samples were 9.6 x 104 CFU/gm plate counts 
which was less than 106 CFU/g. There was also presence of mould 
and coli form with the plate counts of 4.2 x 102 CFU/gm and 3.8 
x 102 CFU/gm respectively. No growth of yeast, Escherichia coli 
(E. coli) and Staphylococcus aureus in the brown soil sample as 
the plate counts for E. coli was less than 3 CFU/g. There was also 
no presence of Salmonella in the soil sample as Salmonella can 
result in waterborne or food borne illness. This soil sample was 
considered good microbiological quality as the microbes present 
in the soil was in the acceptable range. 

Based on the results in table 11, the aerobic plate counts in 
black soil sample was 2.8 x 109 CFU/gm which was much lower 
than that in brown soil sample but it was more than 106 CFU/g. 
There was 1.2 x 102 CFU/gm of E. coli colony present in the soil 
sample whereas there was no growth of yeast, Staphylococcus 
aureus and absence of Salmonella. Presence of E. coli in the water 
indicated presence of sewage waste present in the water system. 
Water containing E. coli was not safe for drinking purpose as it 
indicated contaminated water and might introduced pathogenic 
bacteria. The microbiological quality of black soil sample was 
marginal [Microbiological quality of ready-to-eat foods 2009].

Microbe Identification 

Microbe identification was analysed by using Gram staining, 
Oxidase test and Rap IDTM System test to identify the species of 
bacteria through ERIC. The gram staining results was observed 
under light microscope. After examined gram-type of bacteria, it 
proceeds to oxidase test to examine the bacteria oxidase positive 
or negative. As the results obtained were gram negative bacteria, 
Rap IDTM ONE System and Rap IDTM NF plus System were used 
to obtain the microcode of the bacteria and identified in ERIC. 
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Table 9: Comparison the significant difference between Treatment MHL and Treatment ML based on t-test

Parameters Na+ NO3
- Ca2+ K+

One-Tailed Test 0.00 0.41 0.00 0.04

p-value 0.05

Table 10: Brown soil sample analysis at Bio Synergy Lab

Test parameter Unit Method used Results

Aerobic plate counts 35°C, CFU/gm AOAC Official Method 990.12 (3M Petri film) 9.6 x 104

Yeast 25°C, CFU/gm AOAC Official Method 2014.05 (3M Petri film) NG(<10)

Mould 25°C, CFU/gm AOAC Official Method 2014.05 (3M Petri film) 4.2 x 102

Coli form 35°C, CFU/gm AOAC Official Method 998.08 & 991.14 (3M Petri film) 3.8 x 102

E. coli 35°C, CFU/gm AOAC Official Method 998.08 & 991.14 (3M Petri film) NG(<10)

Staphylococcus aureus 35°C, CFU/gm AOAC Official Method 2013.11, 2003.07, 2003.08  (3M Petri film) NG(<10)

Salmonella In 25 gm samples AOAC Official Method 2014.01  (3M Petri film) Absent

Unit = CFU/gm 
E. coli = Escherichia coli

Table 11: Black soil sample analysis at Bio Synergy Lab

Test parameter Unit Method used Results

Aerobic plate counts 35°C, CFU/gm AOAC Official Method 990.12 (3M Petri film) 2.8 x 109

Yeast 25°C, CFU/gm AOAC Official Method 2014.05 (3M Petri film) NG(<10)

Mould 25°C, CFU/gm AOAC Official Method 2014.05 (3M Petri film) 3.9 x 102

Coli form 35°C, CFU/gm AOAC Official Method 998.08 & 991.14 (3M Petri film) 6.8 x 102

E. coli 35°C, CFU/gm AOAC Official Method 998.08 & 991.14 (3M Petri film) 1.2 x 102

Staphylococcus aureus 35°C, CFU/gm AOAC Official Method 2013.11, 2003.07, 2003.08  (3M Petri film) NG(<10)

Salmonella In 25 gm samples AOAC Official Method 2014.01  (3M Petri film) Absent

Unit = CFU/gm 
E. coli = Escherichia coli

Gram-negative Bacteria

After observation of glass slides containing bacteria stain 
from bacteria culture of Treatment ML under light microscope, 
the examination of gram type of the bacteria was tabulated in 
table 10. The gram type of bacteria was gram negative for each 
treatment that cultured on nutrient agar and MacConkey agar. 
The gram negative bacteria was pink or red in color after gram 
staining as they did not retain the stain of crystal violet that 
cause blue. Bacteria cultured on nutrient agar from water sample 
1, water sample 2 and water sample 3 from Si Hai Long Wang 
temple were named N1, N2 and N3 respectively. Whereas bacteria 
cultured on MacConkey agar for water sample 1, water sample 2 
and water sample 3 from Si Hai Long Wang temple were named 
M1, M2 and M3 respectively. 

Gram-negative bacteria can cause wide spread of waterborne 
and food borne diseases to human through direct contact of water 
or bacteria. It can cause infection to human by disruption of outer 
membrane of the bacteria cell which antibiotic or immune cells of 
human failed to destroy them and released toxic substances that 
are harmful to human  [8].

Oxidase-positive and Oxidase-negative Bacteria

Oxidase test was carried out to determine the capability of 
bacteria to produce enzyme cytochrome c oxidase. This enzyme 
determines whether the bacteria are oxidase positive or negative. 
Cytochrome c oxidase is a Tran’s membrane protein complex 
that present in the inner membrane of mitochondria. Bacteria 
containing this enzyme turns oxidase reagent to blue on the 
filter paper whereas if the bacteria lack of this enzyme, it remain 
colourless. It catalyses the electron transport chain to oxygen and 
produce by-product of water and hydrogen ions. Only bacteria 
cultured of N1 and N2 were oxidase-negative and the rest of the 
bacteria cultured were oxidase-positive.

a. Bacteria Identification

The bacteria species identified using ERIC based on the 
microcode were tabulated in table 12. Pure bacteria colony 
obtained from nutrient agar N1 and N2 were using Rap IDTM 
NF Plus System as the bacteria was oxidase positive where the 
bacteria possess of cytochrome c oxidase that turned the oxidase 
reagent to blue. Meanwhile, bacteria colony from N3 (nutrient 
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agar), M1, M2 and M3 (MacConkey agar) were using Rap IDTM 
ONE System as they lack of cytochrome c oxidase for electron 
transport chain. Each reaction cavities have specific value to 
determine the results obtaining microcode. Based on the results 
obtained, most of the bacteria presence in Batu Pahat River was 
opportunistic bacteria. 

From the report form for N1, only cavity 3, 4, 5 and 10 
were positive results in the first reaction before adding Rap ID 
reagents. After adding reagents from cavity 4 to 10 for second 
reaction, only cavity 10 showed positive results. The negative 
results will considered as zero value. Hence, the microcode for 
N1 was 430102 and identified as Burkholderia cepacia (99.9%). 
B. cepacia is an aerobic gram negative bacillus which commonly 
found in aquatic environments including water and soil [15]. This 
bacterium can infect and pose risk to healthy individual from 
contact with contaminated water. It is an opportunistic pathogen 
which can cause high mortality and morbidity as this bacterium 
is resistant to antibiotic treatment [4]. It normally causes 
respiratory issues when these bacteria invade the individual 
especially to cystic fibrosis patients. It can weaken immune 
systems where the immune response fails to detect the invaded 
bacteria. 

The identified bacteria in N2 were Acinetobacter spp. 
(99.9%) with microcode of 110100. In the first reaction after 
incubation, cavity of 1, 4 and 10 showed positive results. In the 
second reaction, cavity 4 to 10 showed negative results where 
these results were valued as zero. Acinetobacter spp. was gram-
negative coccobacillus which found in water, soil and sewage 
waste [29]. It also can grow on human skin areas and colonize 
gastrointestinal tract when ingest food or water containing the 
bacteria [13]. This bacterium is non-pathogenic bacteria but 
become pathogenic when unfavourable condition activated them 
to invade human when direct contact to the environment or drink 
contaminated water. It has the ability to escape from phagocytosis 
by immune cells of the host as it has thick polysaccharide capsule. 
Acinetobacter can infect human causing pneumonia, urinary tract 
infection and bloodstream infection that showed symptoms of 
fever, vomit, pain and burning during urination which can cause 
human death in chronic case [34]. Water with high nitrogen 
sources become food source which promote the population of 
Acinetobacter [30]. 

Bacteria identification for N3 was Enterobacter cloacae 
with 99.9%. According to [11], E. cloacae were reported 
as opportunistic and multi resistant bacteria pathogens to 
human. It is a gram-negative rod-shaped bacterium from family 
Enterobacteriaceae. This bacteria is facultative anaerobic as 
it can be aerobic when oxygen present and anaerobic when 
oxygen absent. Enterobacter cloacae are the most common and 
widespread in aquatic environment. When direct contact with 
the environment containing this bacteria, it can colonize the 
gastrointestinal tract of fish and human [9]. The bacteria can 
affect the health of organisms by secondary wound infection, 
respiratory tract issues, skin and soft tissues infection and 

bacteraemia [21]. The common disease infected by these bacteria 
is food poisoning [2,25]. Diseases caused by these bacteria are 
difficult to manage due to its multi resistant properties to drug. 

Cronobacter sakazakii was identified from M1 with 
99.9%. The first reaction showed positive results in cavity 
[3,7,8,10,11,12,13,14,16]. After addition of Rap ID Spot In dole 
Reagent in cavity 18, the reaction cavity turned from dark red-
orange to dark purple which showed positive result. Thus, the 
microcode obtained from the result was 4037311. It is gram-
negative rod-shaped bacilli that are pathogenic for both fish and 
human. However, these bacteria can cause life-threatening disease 
but in rare case such as meningitis, bacteraemia and necrotizing 
enter colitis [12]. Water outlets and aquatic environments are the 
possible sources of contamination and infection of the bacteria 
when direct contact. The general diseases caused by C. sakazakii 
were conjunctivitis, pneumonia, diarrhoea, wound infections and 
urinary tract infection [20]. 

Bacteria cultured from M2 were identified as Klebsiella 
pneumoniae (99.9%). The microcode was 1137250 where cavity 
[1,4,7,8,10,11,12,14,16,18] showed positive results in the first 
reaction. Cavity 18 was added with Rap ID Spot In dole for second 
reaction and obtained negative result which turned the color 
from light orange to red. K. pneumoniae is an encapsulated gram-
negative bacillus with rod-shaped. It is common infectious agents 
that cause variety of infections such as pneumonia, urinary 
tract infection, bacteraemia, and liver ulceration [7,26]. These 
bacteria also cause infection to fish species when the condition 
is favourable to thrive the population of the bacteria such as 
high level of NH3 in the water body. Such condition can cause a 
disease outbreak among fish population when aspiration with 
the symptoms of skin and fin haemorrhage, ulceration, swelling 
of visceral organs and respiratory difficulties [10,17]. In addition, 
it cause seafood poisoning to individuals when consuming the 
fish from the contaminated water or direct consume the water. 

Lastly, the bacteria identified from M3 were Enterobacter 
cloacae (98.51%) which were similar to N3 and Enterobacter 
asburiae (1.48%). In the first reaction, the positive results 
obtained from cavity [3,7,8,10,11,12,13,14,16]. Cavity 18 
remained negative result after addition of RapID Spot In dole in 
both first and second reaction with the microcode of 4037310. 
E. asburiae is similar to E. cloacae which come from same family 
and genus. This bacterium is often found in fish respiratory tract, 
faeces, blood specimen and urinary tract when aspirated water 
containing the bacteria [28]. It can become an opportunistic 
pathogen when favourable condition such as excessive nutrients 
or waste flows into the river water. This condition can increase 
the susceptibility of fish and human to infect by E. asburiae when 
there are open wounds on the surface that cause secondary 
infection. Direct contact of the water environment can result 
in illness such as fin haemorrhage and ulceration for fish 
and bloodstream infection, infection of skin and soft tissues, 
respiratory tract, bone and joint as well as gastrointestinal tract 
for human infection [22,27].
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All these bacteria identified from water sample of Batu Pahat 
River were opportunistic bacterial pathogens where it can cause 
chronic disease to both aquatic organisms and human when 
aspirated or direct contact with the environment. As more wastes 
threw from the selected site into the river water, it can thrive and 
activate the bacteria population to become pathogenic. Since the 
water from Batu Pahat River was polluted, it is not considerable as 
clean and safe for drinking as many activities were carried out in 
the temple such as there was a well that available for washing and 
cleansing without drinking. This action might infected healthy 

individuals as they direct contact with the water contaminated 
with pathogenic bacteria. The reason is that the pollutants and 
the pathogenic bacteria may seep into the groundwater. Water 
from the wells is get from aquifers in the layer of groundwater. 

Efficacy of Lotus Pod

Lotus pod as bio filter in the water filtration system had the 
capability in reducing the concentration of water minerals such 
as Na+, Ca2+ and K+ in the artificial green water that is nutrient-
rich. 

Table 12: Identification of bacteria species from water samples collected from Si Hai Long temple using ERIC

Bacteria sample Gram-type Oxidase test Rapid system Microcode Bacteria species

Nutrient agar

N1 Negative Positive NF Plus 430102 Burkholderia cepacia

N2 Negative Positive NF Plus 110100 Acinetobacter 

N3 Negative Negative ONE 4034310 Enterobacter cloacae

      MacConkey agar

M1 Negative Negative ONE 4037311 Cronobacter sakazakii

M2 Negative Negative ONE 1137250 Klebsiella pneumoniae

M3 Negative Negative ONE 4037310 Enterobacter cloacae, Enterobacter asburiae

Reduction in Na+, Ca2+ and K+ Concentration

Comparison between Treatment LC and Treatment L1 

from table 13 and graph of (a), (b) and (d) from figure 2, the 
concentration of Na+, Ca2+ and K+ had reduced after 6 days. Na+, 
Ca2+ and K+ concentration for Treatment LC at D6 were 1680 
mg/L, 160 mg/L and 364 mg/L respectively which were much 

higher than that of Treatment L1 with the concentration of 
1133 mg/L, 107 mg/L and 277 mg/L respectively. There was a 
significant difference between Treatment LC and Treatment L1 as 
the p-value for these water minerals were less than 0.05 table 14. 
Reduction of these water minerals proved that lotus pod had the 
capacity to reduce sediments and nutrients in the water body. 

Table 13: Concentration of water parameters and microbe in Treatment L

Treatment LC

Day D1 D2 D3 D4 D5 D6

Na+ 1700 ± 0.00 1700 ± 0.00 1728 ± 46.77 1677 ± 141.55 1701 ± 0.00 1680 ± 36.37

Ca2+ 165 ± 4.51 160 ± 10.00 165 ± 4.62 158 ± 7.39 160 ± 0.00 160 ± 0.00

NO3- 190 ± 2.00 193 ± 26.68 189 ± 56.00 192 ± 0.00 189 ± 16.65 193 ± 3.98

K+ 369 ± 2.65 370 ± 0.00 385 ± 19.63 381 ± 12.70 370 ± 0.00 364 ± 24.98

NH3 0.50 ± 0.00 0.28 ± 0.00 0.14 ± 0.00 0.13 ± 0.00 0.15 ± 0.00 0.13 ± 0.00

pH 8.59 ± 0.00 8.27 ± 0.02 8.17 ± 0.20 8.03 ± 0.06 8.08 ± 0.10 8.34 ± 0.08

DO 4.06 ± 0.05 4.08 ± 0.11 4.24 ± 0.18 5.31 ± 0.33 4.87 ± 0.18 5.02 ± 0.33

Microbe (M) 1.09 ± 0.03 0.25 ± 0.05 0.20 ± 0.01 0.16 ± 0.01 0.17 ± 0.00 0.18 ± 0.04

Treatment L1

Day D1 D2 D3 D4 D5 D6

Na+ 1700 ± 0.00 1167 ± 57.74 1200 ± 0.00 1333 ± 57.74 950 ± 0.00 1133 ± 57.74

Ca2+ 161 ± 1.73 101 ± 7.81 106 ± 6.93 123 ± 5.77 94 ± 6.00 107 ± 11.55

NO3- 189 ± 1.15 267 ± 55.08 163 ± 15.28 193 ± 5.77 220 ± 0.00 170 ± 0.00

K+ 371 ± 2.08 257 ± 5.77 267 ± 20.82 293 ± 25.17 237 ± 5.77 277 ± 5.77

NH3 0.50 ± 0.00 0.47 ± 0.00 0.37 ± 0.00 0.39 ± 0.00 0.36 ± 0.00 0.23 ± 0.00

pH 8.58 ± 0.02 8.07 ± 0.04 8.21 ± 0.02 8.10 ± 0.07 8.03 ± 0.03 7.97 ± 0.07

DO 4.13 ± 0.13 7.37 ± 0.35 7.03 ± 0.09 7.45 ± 0.34 7.59 ± 0.04 7.26 ± 0.24

Microbe (M) 1.09 ± 0.04 0.82 ± 0.00 0.75 ± 0.03 0.69 ± 0.06 0.52 ± 0.03 0.65 ± 0.06
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The data for the table was mean ± SD.   The unit for water parameters of Na+, NO3
-, Ca2+, NO3

-, K+, NH3 and DO was milligram per liter (mg/L).  This treatment 
was run for 6 days where D1 = Day 1, D2 = Day 2, D3 = Day 3, D4 = Day 4, D5 = Day 5 and D6 = Day 6. Treatment of ML indicated combination of EM Mud ball 
(M), and lotus pod (L) with different ratio; MHC = control treatment, ML1 = EM Mud ball + lotus pod (1:4), MHL2 = EM Mud ball + lotus pod (1:2), and MHL3 = 
EM Mud ball + lotus pod (2:1).

Figure 2: Graph of water parameters against Treatment L for 6 days. (a) Na+ concentration, (b) Ca2+ concentration, (c) NO3- concentration, (d) K+ 
concentration, (e) NH3 concentration, (f) pH level, (g) DO level and (h) Microbe concentration.
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Table 14: Comparison the significant difference between Treatment LC and Treatment L1 based on t-test

Parameters Na+ Ca2+ NO3- K+ NH3 pH DO M

One-Tailed Test 0.004 0.003 0.288 0.002 0.025 0.248 0.004 0.162

p-value 0.050

Increasement of DO Level 

Concentration of DO in Treatment LC in these 6 days were 
approximately around 4.6 mg/L and reached 5.02 mg/L at D6 
which just right reaching the lower limit of desirable DO level. 
At the same time in Treatment L1 which using lotus pod as bio 
filter in the water filtration system increased and maintained the 
DO level at above 7 mg/L which was in the range of 5 mg/L to 
9 mg/L that support variety fish populations as well as promote 
spawning and reproduction.

Treatment L1 had better water quality compared to Treatment 
LC as they DO level was higher. This indicated the free and available 
oxygen dissolved in the water are adequate and able to support 
aquatic organisms for their physical activities and metabolism 
as well as decomposition by aerobic microbes. A high DO level 
in the water system provides good water supply as it was good 
palatability. Based on table 4.8, the p-value obtained from t-test 
was 0.00 which was less than 0.05 showed a significant difference 
between Treatment LC and Treatment L1 as lotus pod was more 
effective in maintaining and rising DO level to the optimum range. 

Lotus Pod as Buffer Agent

Based on the previous treatment in Treatment ML, the 
efficiency of lotus pod able to neutralize the pH to optimum 
level (pH 7.4). In this water filtration system, the water pH was 
maintained at approximately pH of 8 which was in the acceptable 
range of 6.5 to 8.5 [33]. Water pH for Treatment L1 in D6 reached 
pH of 7.97 which was slowly reduced from pH of 8.58 to be 
reached at the optimum pH level of a river system. Lotus pod act 
as a buffer which prevent fluctuation of water pH that can affect 
the water quality and the health status of aquatic organisms. 
Contaminated or polluted water often become acidic than a good 
water quality of aquatic environment. Introduction of lotus pod 
can eventually increase the pH to the desirable range to be less 
acidic. 

Water pH that exceeds 8.5 was usually caused by industrial 
wastes including steel production. These wastes might flow 
into river water when runoffs from the disposal and abandoned 
landfills as well as construction sites. High minerals concentration 
in the water also contributed to high water pH. This eventually 
increased the COD concentration and declined the DO level as 
more metals ions organic pollutants were dissolved in the water 
to be degraded. Mineral precipitation including Na+ and Ca2+ 

increased the water pH and affect the environmental issues such 
as reducing the light penetration into the water column as well 
as overwhelm the population of fish, macrophytes and macro 
invertebrates [16].

Improvement of Microbe Performance

The properties of lotus pod were large surface areas 
that providing sufficient space and adequate nutrients for 
microorganisms to grow. It also has the ability to prevent 
introduction of new microorganisms that are not native to the water 
system. In D1 for both Treatment LC and L1, the concentrations of 
microbes were 1.09 which were considered high and might cause 
negative effect to the water system and organisms in the water. 
This can cause bacterial contamination and disease outbreak can 
occur when high level of nutrients was available in the water to 
thrive the bacterial to become opportunistic pathogen. In Day 
6 for Treatment L1, the microbe concentration was reduced to 
approximately 0.65 which was sufficient for bacterial activity in 
degradation of organic pollutants at faster rate. 

Whereas the concentration of microbes in Treatment LC was 
approximately 0.18 which was low for decomposition of organic 
pollutants. Decomposition of organic pollutants would be much 
slower when the water system has low microbe concentration. 
This might be due to low concentration of DO and accumulation 
of organic waste that contributed to low microbe concentration 
[24]. Lotus pod provided more space and nutrients which 
enhanced the performance of microbes in decomposition.

Conclusion
The overall aim of this study was to evaluate the water quality 

of Batu Pahat River and the efficiency of lotus pod as a vessel for 
wastewater treatment. In this study, EM Mud ball, water hyacinth 
and lotus pod were used as treatment for water samples from Si 
Hai Long Wang temple. This selected site was the center of Batu 
Pahat River and most of the activities were carried out in this area. 
Among these vessels, lotus pod act as the best option in reducing 
sediments and water nutrients in the water. Although EM Mud 
balls and water hyacinth also had the capacity in reduction of 
water minerals and organic waste, however, they introduced 
much more nutrients which favorable to cyanobacteria growth 
and acidified the water as lactic acid bacteria were introduced 
into the water system. Fast propagation of water hyacinth can 
colonize the whole surface area of the water ecosystem which 
happens to affect the water flow that have directly affected on 
water temperature, DO level and community of aquatic organisms 
including zooplankton, macro invertebrates and fish. 

Batu Pahat River was in the polluted range where the 
concentrations of water parameters were exceeded the acceptable 
range. Besides, the water pH was slightly acidic which was not 
suitable for most freshwater aquatic organisms to support growth 
and reproduction. High organic matter present in the water body 
contributed to low DO level, high ammonia, low pH and high 
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concentration of microbes. To evaluate the efficiency of vessels 
in water bioremediation, three vessels were tested in Treatment 
MHL and the results showed EM Mud ball increased the water 
mineral concentration and COD concentration in the water. Water 
hyacinth was able to reduce 50% of COD concentration but it can 
acidify the water when the plant decay as the water pH using 
water hyacinth was only reaching the border line of 6.5. Whereas 
lotus pod had the capability to reduce COD concentration, 
neutralize water pH to optimum level of 7.4. 

Vigorous growth of water hyacinth that might contribute to 
poor water quality was not considered in the next treatment. 
Combination of EM Mud ball and lotus pod treatment with 
the ratio of 1:2 had the highest capability in reducing the 
concentration of NO3- and enhancing microbial growth as they 
provided sufficient nutrients and space for beneficial microbes 
to grow which performed the degradation of organic waste. This 
combination in Treatment ML showed significant difference as 
compared to Treatment MHL. 

Most of the microbes identified in the water samples from Si 
Hai Long Wang temple were opportunistic pathogenic bacteria 
if the concentration of the microbe was high which more 
than 1 was. The bacteria species present in the water sample 
were gram-negative bacteria including Burkholderia cepacia, 
Acinetobacter, Enterobacter cloacae, Cronobacter sakazakii, 
Klebsiella pneumoniae and Enterobacter asburiae. These bacteria 
might pose serious health effect to both aquatic organisms and 
human when direct contact with the contaminated water. Hence, 
the water from Batu Pahat River was not suitable for drinking 
purpose.

Vessel such as lotus pod in the water filtration system can 
decrease the water minerals concentration including Na+, Ca2+ 
and K+, increase the DO level which is in the range of 5 mg/L to 
9 mg/L that able to support wide population of fish as well as 
spawning and hatchability rate. Moreover, lotus pod can act as 
buffer agent where it can maintain the pH at approximately 8. 
Introduction of lotus pod can prevent fluctuation of pH so that 
the aquatic organism and water quality can be preserved. It also 
can improve microbe performance as lotus pod has large surface 
area which providing adequate space and nutrients for microbe 
to grow and able to perform degradation of organic waste in the 
water system. 

Acknowledgment
This research was supported by Centre of Excellent for 

Research Value Innovation and Entrepreneurship (CERVIE) (Proj-
IN-FAS_026) and Faculty of Applied Sciences of UCSI University.

Declarations 
Author declares that this project is based on original 

work except for quotations and citations, which have been 
duly acknowledged. This manuscript is original, has not been 
published before and is not currently being considered for 
publication elsewhere.

References
1. Abraham WR. Megacities as Sources for Pathogenic Bacteria in Rivers 

and their Fate Downstream. International Journal of Microbiology. 
2011:1-13.

2. Al-Kharousi ZS, Guizani N, Al-Sadi AM, Al-Bulushi IM, Shaharoona B. 
Hiding in Fresh Fruits and Vegetables: Opportunistic Pathogens May 
Cross Geographical Barriers. International Journal of Microbiology. 
2016:1-14.

3. Augustyn Ł, Babula A, Joniec J, Stanek-Tarkowska J, Hajduk E, 
Kaniuczak J. Microbiological Indicators of the Quality of River Water, 
Used for Drinking Water Supply. Polish Journal of Environmental 
Studies. 2016;25(2):511-519.

4. Baul SN, De R, Mandal PK, Roy S, Dolai TK, Chakrabarti P. Outbreak 
of Burkholderia Cepacia Infection: A Systematic Study in a 
Hematology-Oncology Unit of a Tertiary Care Hospital from Eastern 
India. Mediterranean Journal of Hematology and Infectious Diseases. 
2018;10(1):e2018051.

5. Behar S. Testing the Waters: Chemical and Physical Vital Signs of a 
River. River Watch Network. 1996.

6. Beristain TB. Organic Matter Decomposition in Simulated Aquaculture 
Ponds. Fish Culture and Fisheries Groups. Wageningen University. 
2005.

7. Bengoechea JA, Sa Pessoa J. Klebsiella pneumoniae infection biology: 
living to counteract host defences. FEMS Microbiology Reviews. 
2018;43(2):123-144. 

8. Bush LM. Overview of Gram-Negative Bacteria - Infections - MSD 
Manual Consumer Version [online]. MSD Manual Consumer Version. 
2018. 

9. Cabral JPS. Water Microbiology. Bacterial Pathogens and 
Water. International Journal of Environmental Research and Public 
Health. 2010;7(10):3657-3703. 

10. Das A, Acharya S, Behera BK, Paria P, Bhowmick S, Parida PK, et al. 
Isolation, identification and characterization of Klebsiella pneumoniae 
from infected farmed Indian Major Carp Labeo rohita (Hamilton 1822) 
in West Bengal, India. Aquaculture. 2018;482(1):111-116.

11. Davin-Regli A, Pages JM. Enterobacter aerogenes and Enterobacter 
cloacae; versatile bacterial pathogens confronting antibiotic 
treatment. Frontiers in Microbiology. 2015;6:392.

12. Drudy D, Mullane NR, Quinn T, Wall PG, Fanning S. Enterobacter 
sakazakii: An Emerging Pathogen in Powdered Infant Formula. Clinical 
Infectious Diseases. 2006;42(7):996-1002.

13. Erdem G, Leber A. Acinetobacter Species. Principles and Practice of 
Pediatric Infectious Diseases. 2018;e2:851-853.

14. Fajri JA, Fujisawa T, Trianda Y, Ishiguro Y, Cui G, Li F, et al. Effect of 
Aeration Rates on Removals of Organic Carbon and Nitrogen in Small 
Onsite Wastewater Treatment System. MATEC Web of Conferences. 
2018;147:04008.

15. Grady EPO, Sokol PA. Burkholderia cenocepacia Differential Gene 
Expression during Host-Pathogen Interactions and Adaptation to 
the Host Environment. Front Cellular and Infection Microbiology. 
2011;1:15. doi: 10.3389/fcimb.2011.00015

16. Gomes HI, Mayes WM, Rogerson M, Stewart DI, Burke IT. Alkaline 
residues and the environment: a review of impacts, management 
practices and opportunities. Journal of Cleaner Production. 

https://www.hindawi.com/journals/ijmicro/2011/798292/
https://www.hindawi.com/journals/ijmicro/2011/798292/
https://www.hindawi.com/journals/ijmicro/2011/798292/
https://www.hindawi.com/journals/ijmicro/2016/4292417/
https://www.hindawi.com/journals/ijmicro/2016/4292417/
https://www.hindawi.com/journals/ijmicro/2016/4292417/
https://www.hindawi.com/journals/ijmicro/2016/4292417/
http://www.pjoes.com/Microbiological-Indicators-of-the-Quality-of-River-Water-Used-for-Drinking-Water-Supply,60899,0,2.html
http://www.pjoes.com/Microbiological-Indicators-of-the-Quality-of-River-Water-Used-for-Drinking-Water-Supply,60899,0,2.html
http://www.pjoes.com/Microbiological-Indicators-of-the-Quality-of-River-Water-Used-for-Drinking-Water-Supply,60899,0,2.html
http://www.pjoes.com/Microbiological-Indicators-of-the-Quality-of-River-Water-Used-for-Drinking-Water-Supply,60899,0,2.html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6131102/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6131102/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6131102/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6131102/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6131102/
https://books.google.co.in/books/about/Testing_the_Waters.html?id=Uo9_AAAACAAJ&redir_esc=y
https://books.google.co.in/books/about/Testing_the_Waters.html?id=Uo9_AAAACAAJ&redir_esc=y
http://library.wur.nl/WebQuery/wurpubs/338214
http://library.wur.nl/WebQuery/wurpubs/338214
http://library.wur.nl/WebQuery/wurpubs/338214
https://academic.oup.com/femsre/article/43/2/123/5188677
https://academic.oup.com/femsre/article/43/2/123/5188677
https://academic.oup.com/femsre/article/43/2/123/5188677
https://www.msdmanuals.com/en-in/home/infections/bacterial-infections-gram-negative-bacteria/overview-of-gram-negative-bacteria
https://www.msdmanuals.com/en-in/home/infections/bacterial-infections-gram-negative-bacteria/overview-of-gram-negative-bacteria
https://www.msdmanuals.com/en-in/home/infections/bacterial-infections-gram-negative-bacteria/overview-of-gram-negative-bacteria
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2996186/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2996186/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2996186/
https://www.sciencedirect.com/science/article/abs/pii/S004484861731092X
https://www.sciencedirect.com/science/article/abs/pii/S004484861731092X
https://www.sciencedirect.com/science/article/abs/pii/S004484861731092X
https://www.sciencedirect.com/science/article/abs/pii/S004484861731092X
https://www.ncbi.nlm.nih.gov/pubmed/26042091
https://www.ncbi.nlm.nih.gov/pubmed/26042091
https://www.ncbi.nlm.nih.gov/pubmed/26042091
https://www.ncbi.nlm.nih.gov/pubmed/16511766
https://www.ncbi.nlm.nih.gov/pubmed/16511766
https://www.ncbi.nlm.nih.gov/pubmed/16511766
https://www.matec-conferences.org/articles/matecconf/abs/2018/06/matecconf_sibe2018_04008/matecconf_sibe2018_04008.html
https://www.matec-conferences.org/articles/matecconf/abs/2018/06/matecconf_sibe2018_04008/matecconf_sibe2018_04008.html
https://www.matec-conferences.org/articles/matecconf/abs/2018/06/matecconf_sibe2018_04008/matecconf_sibe2018_04008.html
https://www.matec-conferences.org/articles/matecconf/abs/2018/06/matecconf_sibe2018_04008/matecconf_sibe2018_04008.html
https://www.ncbi.nlm.nih.gov/pubmed/22919581
https://www.ncbi.nlm.nih.gov/pubmed/22919581
https://www.ncbi.nlm.nih.gov/pubmed/22919581
https://www.ncbi.nlm.nih.gov/pubmed/22919581
https://www.sciencedirect.com/science/article/pii/S0959652615013396
https://www.sciencedirect.com/science/article/pii/S0959652615013396
https://www.sciencedirect.com/science/article/pii/S0959652615013396


Page 15 of 15Citation: Teo SS, Regina LZL (2019) Designing Prototype Micro-Technology for Sustainable Management of Natural Water Resource 
in Batu Pahat River, Johor. Int J Marine Biol Res 4(2): 1-15.

Designing Prototype Micro-Technology for Sustainable Management of Natural Water 
Resource in Batu Pahat River, Johor

Copyright: 
© 2019 Teo SS, et al.

2016;112(4):3571-3582.
17. Gopi M, Kumar TTA, Prakash S. Opportunistic pathogen Klebsiella 

pneumoniae isolated from Maldive’s clown fish Amphiprion 
nigripes with hemorrhages at Agatti Island, Lakshadweep 
archipelago. International Journal of Fisheries and Aquatic Studies. 
2016;4(3):464-467.

18. Hamzah N. Assessment on water quality and biodiversity within 
Sungai Batu Pahat. 2019.

19. Hannah H. Acidic Oceans Threaten Fish. Nature-International Weekly 
Journal of Science. 2011. 

20. Jaradat ZW, Al Mousa W, Elbetieha A, Al Nabulsi A, Tall BD. Cronobacter 
spp. - opportunistic food-borne pathogens. A review of their virulence 
and environmental-adaptive traits. Journal of Medical Microbiology. 
2014;63(Pt_8):1023-1037.

21. Kanamori H, Weber DJ, Rutala WA. Healthcare Outbreaks Associated 
With a Water Reservoir and Infection Prevention Strategies. Clinical 
Infectious Diseases. 2016;62(11):1423-1435.

22. Kang CI, Kim SH, Park WB, Lee KD, Kim HB, Oh MD, et al. Bloodstream 
Infections Caused by Enterobacter Species: Predictors of 30-Day 
Mortality Rate and Impact of Broad-Spectrum Cephalosporin 
Resistance on Outcome. Clinical Infectious Diseases. 2004;39(6):812-
818.

23. Levit SM. A Literature Review of Effects of Ammonia on Fish. 2010.
24. Le Moigne FAC, Cisternas-Novoa C, Piontek J, Maßmig M, Engel A. On 

the effect of low oxygen concentrations on bacterial degradation of 
sinking particles. Scientific Reports. 2017;7(1):16722.

25. Nyenje ME, Odjadjare CE, Tanih NF, Green E, Ndip RN. Foodborne 
Pathogens Recovered from Ready-to-Eat Foods from Roadside 
Cafeterias and Retail Outlets in Alice, Eastern Cape Province, 
South Africa: Public Health Implications. International Journal of 
Environmental Research and Public Health. 2012;9(8):2608-2619.

26. Paczosa MK, Mecsas J. Klebsiella pneumoniae: Going on the Offense 
with a Strong Defense. Microbiology and Molecular Biology Reviews. 
2016;80(3):629-661.

27. Patel KK, Patel S. Enterobacter spp.: - An emerging nosocomial 
infection. International Journal of Applied Research. 2016;2(11):532-
538.

28. Pelli A, Ventresqui Oliveira R, Costa Oliveira M. Disease Infection 
by Enterobacteriaceae Family in Fishes: A Review. Journal of 
Microbiology & Experimentation. 2017;4(5).

29. Percival SL, Yates MV, Williams DW, Chalmers RM, Gray NF. 
Microbiology of waterborne diseases. 2nd ed. Academic Press. 2014. 

30. Poduch E, Kotra LP. Acinetobacter Infections. XPharm: The 
Comprehensive Pharmacology Reference. 2007:1-9.

31. Princic A, Mahne I, Megusar F, Paul EA, Tiedje JM. Effects of Ph and 
Oxygen and Ammonium Concentrations on the Community Structure 
of Nitrifying Bacteria from Wastewater. Applied and Environmental 
Microbiology. 1998;64(10):3584-3590.

32. Rim-Rukeh A. Physico-Chemical and Biological Characteristics 
of Stagnant Surface Water Bodies (Ponds and Lakes) Used for 
Drinking and Domestic Purposes in Niger Delta, Nigeria. Journal of 
Environmental Protection. 2013;4(9):920-928.

33. Uddin MN, Alam MS, Mobin MN, Miah MA. An Assessment of the 
River Water Quality Parameters: A case of Jamuna River. Journal of 
Environmental Science and Natural Resources. 2014;7(1):249-256.

34. Wong D, Nielsen TB, Bonomo RA, Pantapalangkoor P, Luna B, Spellberg 
B. Clinical and Pathophysiological Overview of Acinetobacter 
Infection: a Century of Challenges. Clinical Microbiology Reviews. 
2017;30(1):409-447. 

https://www.sciencedirect.com/science/article/pii/S0959652615013396
http://www.fisheriesjournal.com/archives/?year=2016&vol=4&issue=3&part=F&ArticleId=781
http://www.fisheriesjournal.com/archives/?year=2016&vol=4&issue=3&part=F&ArticleId=781
http://www.fisheriesjournal.com/archives/?year=2016&vol=4&issue=3&part=F&ArticleId=781
http://www.fisheriesjournal.com/archives/?year=2016&vol=4&issue=3&part=F&ArticleId=781
http://www.fisheriesjournal.com/archives/?year=2016&vol=4&issue=3&part=F&ArticleId=781
http://eprints.utm.my/id/eprint/6416/
http://eprints.utm.my/id/eprint/6416/
https://www.nature.com/news/acidic-oceans-threaten-fish-1.9607
https://www.nature.com/news/acidic-oceans-threaten-fish-1.9607
https://www.ncbi.nlm.nih.gov/pubmed/24878566
https://www.ncbi.nlm.nih.gov/pubmed/24878566
https://www.ncbi.nlm.nih.gov/pubmed/24878566
https://www.ncbi.nlm.nih.gov/pubmed/24878566
https://www.ncbi.nlm.nih.gov/pubmed/26936670
https://www.ncbi.nlm.nih.gov/pubmed/26936670
https://www.ncbi.nlm.nih.gov/pubmed/26936670
https://www.ncbi.nlm.nih.gov/pubmed/15472813
https://www.ncbi.nlm.nih.gov/pubmed/15472813
https://www.ncbi.nlm.nih.gov/pubmed/15472813
https://www.ncbi.nlm.nih.gov/pubmed/15472813
https://www.ncbi.nlm.nih.gov/pubmed/15472813
https://www.conservationgateway.org/ConservationByGeography/NorthAmerica/UnitedStates/alaska/sw/cpa/Documents/L2010ALR122010.pdf
https://www.nature.com/articles/s41598-017-16903-3
https://www.nature.com/articles/s41598-017-16903-3
https://www.nature.com/articles/s41598-017-16903-3
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3447576/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3447576/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3447576/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3447576/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3447576/
https://www.ncbi.nlm.nih.gov/pubmed/27307579
https://www.ncbi.nlm.nih.gov/pubmed/27307579
https://www.ncbi.nlm.nih.gov/pubmed/27307579
https://pdfs.semanticscholar.org/3ef0/634d6f9aa132d0d17fff7f69320747d7ca83.pdf
https://pdfs.semanticscholar.org/3ef0/634d6f9aa132d0d17fff7f69320747d7ca83.pdf
https://pdfs.semanticscholar.org/3ef0/634d6f9aa132d0d17fff7f69320747d7ca83.pdf
https://medcraveonline.com/JMEN/JMEN-04-00128.php
https://medcraveonline.com/JMEN/JMEN-04-00128.php
https://medcraveonline.com/JMEN/JMEN-04-00128.php
https://www.sciencedirect.com/topics/medicine-and-dentistry/acinetobacter-infection
https://www.sciencedirect.com/topics/medicine-and-dentistry/acinetobacter-infection
https://www.ncbi.nlm.nih.gov/pubmed/9758771
https://www.ncbi.nlm.nih.gov/pubmed/9758771
https://www.ncbi.nlm.nih.gov/pubmed/9758771
https://www.ncbi.nlm.nih.gov/pubmed/9758771
https://www.researchgate.net/publication/276042457_Physico-Chemical_and_Biological_Characteristics_of_Stagnant_Surface_Water_Bodies_Ponds_and_Lakes_Used_for_Drinking_and_Domestic_Purposes_in_Niger_Delta_Nigeria
https://www.researchgate.net/publication/276042457_Physico-Chemical_and_Biological_Characteristics_of_Stagnant_Surface_Water_Bodies_Ponds_and_Lakes_Used_for_Drinking_and_Domestic_Purposes_in_Niger_Delta_Nigeria
https://www.researchgate.net/publication/276042457_Physico-Chemical_and_Biological_Characteristics_of_Stagnant_Surface_Water_Bodies_Ponds_and_Lakes_Used_for_Drinking_and_Domestic_Purposes_in_Niger_Delta_Nigeria
https://www.researchgate.net/publication/276042457_Physico-Chemical_and_Biological_Characteristics_of_Stagnant_Surface_Water_Bodies_Ponds_and_Lakes_Used_for_Drinking_and_Domestic_Purposes_in_Niger_Delta_Nigeria
https://pdfs.semanticscholar.org/4bda/59c605103fad49cb739e7e84d0430aebde59.pdf
https://pdfs.semanticscholar.org/4bda/59c605103fad49cb739e7e84d0430aebde59.pdf
https://pdfs.semanticscholar.org/4bda/59c605103fad49cb739e7e84d0430aebde59.pdf
https://www.ncbi.nlm.nih.gov/pubmed/27974412
https://www.ncbi.nlm.nih.gov/pubmed/27974412
https://www.ncbi.nlm.nih.gov/pubmed/27974412
https://www.ncbi.nlm.nih.gov/pubmed/27974412

