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ABSTRACT 

The effect of pig farm lagoon eftluent on Escherichia coli concentration in river water was studied. Four stations were 
identified for sampling: tributary (Station T2) that receives direct pig farm lagoon effiuent, a clean tributary (Station 
TI), upstream (Station Upstream) and downstream (Station Downstream) of a river in Serian. Samplings were 
conducted for 6 times from October 2003 to December 2003. Samples were analyzed for water quality parameters such 
as biochemical oxygen demand (BOD), chemical oxygen demand (COD), total suspended solids (TSS) and E. coli 
concentration. Station T2 has the highest mean BOD, ranging from 9.10 to 10.03 mgIL. The lowest mean of BOD was 
obtained from Station TI with the range between 5.23 to 6.9 mglL. Station T2 also has the highest mean value of COD 
and TSS ranging between 16.0 to 28.0 mglL for COD and 9.67 mglL to 14.0 mglL for TSS. Station TI has the lowest 
mean of COD, ranging from 3 mgIL to 15 mglL. Mean value of TSS between 2.67 mg/L to 7.67 mglL of Station 
Upstream was the lowest. Station T2 recorded the highest concentration of E. coli ranging from 40 cfulmL to 1000 
cfu/mL for spread plate method and 154 cfulmL to 6610 cfulmL for membrane filtration method. Station TI has the 
least concentration of £. coli ranging from 3 cfulmL to II cfulmL lor spread plate. However, for membrane filtration 
method, Station Upstream has the lowest E. coli concentration ranging from 15 cfulmL to 95 cfulmL. A die-off study 
was also conducted using wet river bottom sediment. The wet sediment was inoculated with £. coli and incubated at 
20°C and 30°e. At 30°C in sediment, E. coli was able to survive until 29 days while at 20°C, it was detectable up to 41 
days. In water column at 30°C, E. coli was able to survive until 17 days while at 20°C, it was detectable up to 35 days. 
This study showed that discharging lagoon wastewater directly into a stream did increase E. coli concentration in that 
stream and temperature can influence the decay rate of £. coli in river bottom sediment. 

Key word: Escherichia coli, decay rate, lagoon effiuent, river bottom sediment 

ABSTRAK 

Kesan effluent dari kolam di ladang babi terhadap populasi Escherichia coli dalam air sungai telah dikaji. Empat buah 
stesen telah dikenalpasti untuk tujuan pensampelan: sebuah sungai (Stesen T2) yang menerima ejJluent kolam dari 
ladang babi, sebllah sllngai yang bersih (Stesen TI), bahagian hlllll(Stesen Upstream) bahagian hilir(Stesen T/) sllngai 
Serin. Pensampelan telah dilakllkan sebanyak 6 kali dari October 2003 hingga Disember 2003. Air sllngai telah 
dianalisa Un/Ilk mendapat bacaan bagi biochemical oxygen demand (BOD), chemical oxygen demand (COD), total 
sllspended solids (TSS) dan populasi £. coli. Stesen T2 mempunyai purata BOD, COD and TSS yang tertinggi. Bagi 
BOD, ia mencatdtkan bacaan an/ara 9.10 mg/L hingga 10.03 mglL dan antara 16.0 mglL hingga 28.0 mglL IIntllk 
IIjian COD. Bacaan BOD terendah diperolehi dari Stesen TI dengan bacaan antara 5.23 mglL hingga 6.9 mglL. Bagi 
IIjian TSS, Stesen T2 mencatatkan bacaan an/ara 9.67 mglL hingga 14.0 mglL. Bacaan COD terendah diperolehi dari 
Stesen TI dengan catatan an/ara 3.0 mglL hingga 15.0 mglL. Untuk TSS pilla, Stesen Upstream mencatatkan bacaan 
terendah iaitll an/ara 2.67 mglL hingga 7.67mglL. Stesen T2 didapati mengandllngi jumlah bilangan E. coli yang 
terbanyak dengan bacaan an/ara 40 clulmL ke 1000 clulmL IIntllk kaedah spread plate dan an/ara 15 cfulmL ke 66/0 
cllllmL IIntuk membrane filtration. Station TI mempunyai jllmlah bilangan £. coli terendah iaitu an/ara 3 clulmL 
hingga II clulmL lintuk kaedah spread plate. Walall bagaimanapun, IIntuk kaedah membrane filtration, Station 
Upstream mencatatkanjumlah bilangan E. coli terendah iaitll antara 15 cllllmL hingga 95 cfi/lmL. Kajian kemandirian 
tUr/1f dilakllkan menggllnakan sedimen sungai yang basah yang diambil berhampiran Stesen TI . Sedimen tersebllt 
diinokulasikan dengan E. coli and dieram pada dlla sllhu berlainan, 2ifc dan 3ife. Pada sullu 3ifC dalam sedimen, 
populasi E. coli dapat dikesan selama 29 hari. Walau bagaimanapun, ia dapat hidllp lebih lama pada suhu yang lebih 
rendah, 2ife. Koloni E. coli dapat hidliP selama 41 hari pada suhu ini. Dalam air pada sedimen basah pada sullu 
3d'e. £. coli dapat hidllp selama 17 hari manakala palla suhu 2ife. ia dapat hidup selama 35 lIari. Kajian ini 
membuktikan bahawa sungai yang menerima ejJluent dari ladang babi akan mengalami peningkatan jllmlah E. coli 
dan suhu turzlf mempengaruhi kadar kematian £. coli dalam sedimen sungai. 

Kala kunci: Escherichia coli, kadar kematian, ejJluent kolam, sediment sllngai 



Introduction 

Animal waste has commonly been used as fertilizer over the past centuries. It is 

cheaper, easy to obtain and biodegradable as compared to chemical fertilizer. However, it 

can also bring disadvantages to human. Improper waste use can result in public health 

hazard as animal waste may contain pathogenic organisms and contribute to agricultural 

nonpoint source pollution (Reddy et al., 1981). 

Fecal colifom or fecal bacteria are found in animal waste and can enter streams, 

rivers, ponds and sediments from human and anima'l waste. It can belong to genera 

Escherichia, Klebsiella and Enterobacter (Brock and Madigan, 1991). Fecal coliforms 

also known as thermotolerant coliforms are often used as bioindicator of fecal 

contamination. Pathogens and indicator bacteria can reach rivers and streams by direct 

fecal discharges, movement with surface runoff water, and transport on sediment and 

waste particles (Reddy et al., 1981). It has been reported that more fecal coliform were 

found in sediment as compared to in water (Crabill et al., 1999; Irvine and Pettibone, 

1993). Sediments can contain up to 1000 times as many as fecal bacteria as the overlying 

water (Van Donsel et al., 1971; Ashbolt et al., 1993). This is probably because sediments 

contain more nutrients for bacteria to propagate. According to Sherer et al. (1988), fecal 

bacteria in sediments could be resuspended after stream bottom disturbance. It has been 

prove that E. coli levels increased with depth and due to their association with particles, 

bottom water samples usually yield higher densities of these bacteria (Y oun-Joo et al., 

2002). 

The presence of E. coli in water bodies indicates that fecal contamination has 

occurred and existence of possible pathogenic organisms. Therefore, it will be a positive 

indication of contamination. Escherichia coli (E. coli) has unique features that make it a 

useful microbiological indicator of water quality testing. It has been proved to be more 

specific indicator for fecal contamination. In addition, E. coli is enzymatically 

distinguished by lack of urease and presence of ~-glucuronidase. 

There are several factors affecting fecal coliform survival such as temperature 

(Flint, 1987), lack of nutrient (Van der Steen et al., 2000), salinity (Davies and Evison, 

1991), the presence of toxic agents (Jones et al., 1964) predation and parasitism 
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(Enzinger et ai., 1976). There are several methods to test for fecal coliform ranging from 

most probable number (MPN), Coliscan EasyGel, Colilert test to membrane filtration. 

Transmission of diseases through animal waste has been linked to pathogenic 

organism found in animal and its waste (Reddy et aI., 1981). Water quality of streams 

that received direct discharge from agricultural industry has been found to decrease 

(Robbins et ai., 1971). High number of fecal colifom was detected in these streams. 

There are approximately 2,340 pig farms in Sarawak generating estimated RM 60 

million a year (State Environmental Conservation Department, Sabah, 200 I). A study of 

water effluent from pig farms done by Sabah's State Environmental Conservation 

Department in 200 I showed that most of lagoon systems were overloaded, poorly 

maintained and undersized (Kinson et ai., 200 I). This could contribute to river pollution 

by the fecal bacteria as little is known of the extent to which downstream waters are 

polluted by the effluent discharge. 

Pig farms usually have more than one lagoon where all the pig wastes are 

collected and treated. After the wastes have been subjected to biological treatment, it will 

be used as fertilizer or discharged to a river system. In a study done in Malacca, Malaysia 

in 1980, 68 percent of the farms had ponds for pig wastes but it were too small and often 

over-loaded (Kinson et ai., 200 I). River pollution assessments tend to exclude total count 

of fecal bacteria. Generally, BOD and COD are used to determine the presence of 

bacteria in river. High BOD level shows that a great number of bacteria populations are 

using available oxygen. This is not reflective of the presence of fecal bacteria. High 

number of E. coli was detected in rivers that received waste lagoon effluent from dairy 

feedlot (Hollon et ai., 1982) which has similar characteristics as pig farm lagoon. It is a 

common practice in Malaysia where lagoon effluents are often subjected to minimal 

biological treatment or discharge directly to the nearest river system (Kinson et ai., 

200 I). It is expected that during the cleaning of the pig farm and bathing of pigs, fecal 

discharges would be drained into the river system. Results from several studies (Janzen et 

ai., 1974, Robbins et ai., 1971, Sewell et ai., 1975 and 1972) have shown that direct 

discharge of effluent carrying animal waste into streams increased pollution at point of 

discharge. However, the population of E. coli could be affected by other factors such as 

ther condition, flow rate and nutrient content of the water. 
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The die-off rate of fecal bacterium such E. coli has been widely studied. 

Temperature has significant effect on fecal bacterial decay rate as shown by Ling et al. 

(2002). It was found that E. coli died rapidly in soil as the temperature increased. Klein 

and Casida (1967) found that lower temperature can increase the fecal bacteria survival 

rate. Meanwhile Reddy et al. (1981) reported that die-off rate of pathogen and indicator 

microorganism generally double with an increase of 10°C. However, this was no similar 

observation reported in this study. He also noted that half-lives for fecal colifoms 

amended to a variety of soil samples ranges from 2 to 150 hours. Fecal bacteria have 

higher survival rate in sediment because they are protected from UV radiation (Bitton, et 

al., 1972), high salinity (Ghoul et al., 1986), heavy metal toxicity (Jones, 1964) and 

attack by bacteriophages (Roper et al., 1979). Small sediments particle size was found to 

increase E. coli survival (Tate, 1978). Sherer et al., (1992) observed that fecal coliforms 

survived longer in fine sediments than in the coarse sediments. Because bacteria survive 

longer in sediments than in water, a process affecting concentrations of fecal indicators 

may be the resuspension of accumulated bacteria from bottom sediments (Marino and 

Gannon, 1991). High organic matter and nutrients could influence the survival of E. coli 

in sediment (Sherer et al., 1992). 

Davies et al., (1995) used membrane ditfusion chambers in a river site in 

Australia to investigate the persistence of fecal coliform in freshwater sediment. They 

found out that fecal microorganisms can survive up to 85 days. However, their numbers 

decreased 2-3 orders of magnitude after 29 days and then stabilized. Sherer et al. (1992), 

observed that half-lives of fecal coliform ranged from II to 30 days in fine and coarse 

sediments; the half-lives of fecal coliforms in the overlying water were only 2.8 days in 

laboratory experiment. 

Linear model proposed by Chick (1908) is widely used to describe fecal bacteria 

die-off rate in environment (Moore et al., 1982). It is also known as a simple first-order 

reaction in chemical kinetics. So far, there is no literature found on the effect of pig farm 

lagoon effluents to E. coli concentration in river conducted in Sarawak. This study is 

designed to investigate and determine the impact of discharging pig wastes into rivers. 

The findings from this study are critical to assist relevant authority to implement efficient 
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agricultural and lagoon waste management. It also aimed to find out about fecal bacteria 

die-off rate in river sediment at 2 different temperatures, 200e and 30°e. 

The objectives of this experiment are: 

I. 	 To determine the effect of pig farm lagoon effluents on E. coli 

concentration and water quality parameters in river water. 

2. 	 To investigate E. coli decay rate in river water and sediment at different 

temperatures. 
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Materials and Methods 

River water sampling 

Figure 1: Location of sampl ing stations 

Four sampling stations were located on a river in Serian. Station Tl was a 

tributary upstream of a drinking water uptake point. It was supposedly to be the cleanest 

among the stations as it was sparsely populated. Station Upstream was approximately 670 

metres upstream from point source of discharge. Station Downstream was approximately 

50 metres from the mouth of the tributary where Station T2 is located. Station T2 is 

located on the tributary which received direct discharge of lagoon effluent from at least 

one pig farm in the area. The exact number of pig farms that were discharging their 

effluent into Station T2 was unknown. 

Sampling was done from 28 October 2003 to 16 December 2003 at 9.00am. A 

grab sample of river water was obtained Water quality parameters such as biochemical 

oxygen demand (BOD), chemical oxygen demand (COD), dissolved oxygen (DO), and 

E. I."oli population were analyzed for each sample. The BOD was tested according to 
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method 52 lOB of Standard Method (Clesceri et al., 1998). Hach Spectrophometer was 

used to determined COO reading while DO was measured using a DO meter (002, 

Jenway). The pH and temperature was also measured using pH meter (Cyberscan 

Waterproof). Flow rate was estimated by dropping leaves or sticks into the streams. Time 

taken to reach point A and point B was recorded. The length between point A and point B 

was also recorded. 

Bacteria & Media 

Bacterium used in die-off study was a wild strain of E. coli, isolated from pig 

waste. It was grown and cultured on LB broth (Fluka, Switzerland), nutrient agar (Oxoid , 

England) and Eosin methylene blue (EMB) agar (Oxoid, England). For river water 

analysis, EMB was used for spread plate method while Endo-FC agar (10% rosalie acid) 

was used for membrane filtration method. All bacterial culture was grown for overnight 

at 37°C except for Endo-FC, 44.S°C. 

Calibration Curve 

Growth curve of E. coli is known as calibration curve. Fresh E. coli from nutrient 

agar was inoculated into a ISOmL of Lauryl Sulphate broth (LB broth) and incubated in 

the incubator shaker (New Brunswick Scientific) at 37°C at 200 rpm. One millilitre was 

sampled at 30, 60, 90, 120, ISO, 180, 210, 240, 270, 300, 330 and 360 minutes. 

The optical density (00) of the culture was measured using UV-visible 

spectrophotometer (Techcomp) at a wavelength of 6S0 nm. The blank of LB broth 

(without inoculum) was also measured. 

The concentration of bacteria was determined using spread plate method (Kasing, 

200 1). The plates were then incubated at 37°C for 24 hours. Calibration curve was 

obtained by plotting a graph of mean log population (log cfu/g) versus optical density. 
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Sediment samplin1! and analysis 

The sediment for die-off study was obtained near Station T I on 29 October for 

200e setup and on II November for 300e setup using a grab sampler. The depths of the 

river bottom sediment were 3ft 5 inch and 3ft 9 inch respectively. The sediment was 

stored in sterile plastic bags and placed in an icebox for transportation to the laboratory 

for analysis and experimentation. 

The soil particle size analysis (PSA) was performed using the Pipet method (Gee 

and Bauder, 1986). Approximately 109 of sediment was used in this analysis. Twenty

five milli litre pipette was used to allow non-destructive sampling of suspension 

undergoing settling. Ten to 12 g of river bottom sed iment was dried in oven at 1050e for 

24 hours and weight loss was recorded to determine the dry weight of sediment. Organic 

matter in the sediment was measured using Loss-On-Ignition method (Sparks el al., 

1996). The sediment was dried in oven at 1050e overnight. Then it was igniting in the 

muffle furnace (Stuart Scientific Furnace, GB) at 400De for 16 hours and the weight loss 

was calculated. 

Dieoff rate experiment 

The die-off experiment was a factorial design and two factors, 2 conditions, sterile 

and nonsterile and temperatures 2 temperatures were used, 20De and 30De . Sampling 

was done everyday for a week. After that, sampling was done in alternate days. It was 

done unti l a ll E. coli colonies were undetectable. For the sterile condition, it was sampled 

until 29 days for 30De setup and 43 days for 20De setup. The experiment was conducted 

in triplicate. 

A hundred gram of wet river bottom samples were placed in 250 ml beakers. The 

wet sediment was allowed to settle. One to 2 cm of water column appeared above the 

sediment. From calibration curve, inoculum of a concentration of 105 or 106 cell/mL was 

used for inoculation. One millilitre of inoculum was added to the sediment. To ensure 

complete mixing, a sterile rod was used to stir the inoculated sediment. Moisture content 

was maintained by weighing. The beakers were weighed before sampling. After the water 

column was sampled, the weight of the beakers was weighed again. Then the sediment 

as stirred and collected for E. coli analysis. Finally before incubating, the beakers were 
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weighed. Loss of moisture was calculated by subtracting the weight of beaker before 

sampling to the weight measured previous day. The water column in the beakers was also 

tested for E. coli count. One millilitre of the water column was added to test tube and 

series of dilution was conducted. Beakers were covered with aluminium foi ll and kept 

separately at 30°C (Shel Lab® Incubator, Sheldon Manufacturing Inc.) and 20DC (LG 

Refrigerator-Freezer) in incubators. A sterile condition was set up where the beaker 

containing sediment was autoclaved at 121°C for I hour and 30 minutes before adding 

inoculum. The experiment was done in triplicate. 

Detection and enumeration of E. coli 

Bacteria count was determined using both spread plate and membrane filtration 

method for river water analysis. For the die-off experiment, only spread plate method was 

used. For Membrane Filtration method, membrane filters (0.45 J.lm, Schleicher & Schuell 

Germany) were used together with m FC Agar (Becton Dickinson & Company, USA). 

The plates were incubated at 44.50C for 24 hours (Shel Lab@ Incubator, Sheldon 

Manufacturing Inc.). The E. coli colonies produced light or dark blue colonies. For 

spread plate method, EMB agar was inoculated with 0.1 ml diluted samples and a sterile 

spreader is used. The plate was incubated at 37°C for 24 hours. E. coli produced a green 

metallic sheen. 

For die-off experiment, I g of sediment was sampled and transferred to the test 

tubes. A series of dilution with dilution factor ranging from 10-1 to 10-7 was performed. 

Plates containing only 30-300 E. coli colonies were identified and counted. The 

concentration of bacteria in this study was counted in cfu/mL. 

9 




Decay Rate and Half life Computation 

Decay rate was determined using the first order decay model of Chick (1908), 

NtfNo = IO-kt [ I ] 

= number of bacteria at time, t 

= number of bacteria at time, 0 

= time in days 

k = first order or die off rate constant (per day) 

Equation [I] can be expressed as: 

Log lO Nt = log I0 No -kt [2] 

By plotting the graph of 10glO Nt versus time, t, the slope of the graph gives the death rate, 

Where 

k. 

Statistical Analysis 

imple linear regression of bacterial log concentration versus time (days) was 

applied to measure the mean die-off rate in different temperature conditions. 

Two-way analysis of variance (2-way ANOYA) on the die-off rate (k) for 

different temperatures was used to determine if mean die-off rate for E. coli in one 

temperature was significantly different from the die-off rate of other temperature. One 

way ANOYA was used to analyze river water sampling. Least Significant Difference 

(LSD) method of mUltiple comparisons was used if there was significant difference 

found. Statistical package used was SPSS version 10.5 by SPSS Inc. Chicago, US and 

also Microsoft Excel 2002, New York. 
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RESULTS 

River Sampling 

Figure 4 shown E. coli counts at Station T2 for 8 hours of continuous sampling on 

4 November 2003. It began at 8:30am and ended at 4:30pm. Table I shown water quality 

parameters such as pH, temperature, biochemical oxygen demand (BOD) and E. coli 

counts. The initial E. coli count at 8:30am was 1.72 log cfu+ IImL. At 12:30 noon and 

I :30pm, the count reached its peak at 2.16 and 2.IS log cfu+ IImL respectively. The mean 

of BOD was also at its highest during that period 11.67 and 11.33 mg/L respectively. The 

DO level at that time was 2.00 and 1.90 mg/mL respectively. 

Table 2 show water quality parameters such as biochemical oxygen demand 

(BOD), chemical oxygen demand (COD), total suspended solid (TSS), disolved oxygen 

(DO), pH, flow rate and bacterial count using spread plate method and membrane 

separation method. On the 18 November, it rained a few hours before sampling. The flow 

rate on 18 November for Station T I, Station Upstream, Station Downstream and Station 

T2 were 0.69± 0.07, 0.S3±0.09, and 0.6I±0.02 ms-I respectively. This was higher 

compared to other dates. 

Figure 2 and 3 show comparison between spread plate and membrane filter 

method. Throughout the sampling period, E. coli concentration at Station T2 was higher 

than that of the other stations. It also recorded highest mean BOD, TSS and COD. Both 

methods showed that for Station T2, mean concentration of E. coli is significantly 

difference fro m all the others station (P<O.OOOS). Mean of concentration of E. coli count 

at Station T I is not significantly difference from Station Upstream (P=0.S42) and Station 

Downstream (P=O.OS) using spread plate method. As for Membrane Filtration method, 

Station TI's mean of concentration is not significantly difference from mean 

concentration of Station Upstream (P=0.794) and Station Downstream (P=0.427). 

Mean BOD ranged from 9.10 to 10.03 mg/L (highest) at Station T2 whereas it 

ranged between S.23 to 6.9 mg/L (lowest) at Station TI. Station Upstream recorded a 

range between S.07 mg/L to 7.9 mg/L while Station Downstream ranged from 7.03 mg/L 

to 8.67 mg/L for BOD. 

II 
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Analysis of variance for BOD readings showed significant difference (P<0.0005) 

between Station T2 and other stations. Mean BOD at Station T 1 was significantly 

different from Station Downstream (P<0.0005) and Station T2 (P<0.0005). Station T 1 

was not significant difference from Station Upstream (P=0.218). 

Mean COD ranged from 15.67 mg/L to 28.33 mg/L (highest) at Station T2 

whereas it ranged between 3.33 mg/L to 16.33 mg/L (lowest) at Station T I. Station 

Downstream recorded a range between 10.33mg/L to 16.33 mg/L while Station Upstream 

ranged from 5.33 mg/L to 12.67 mg/L. 

Mean TSS ranged from 9.67 mg/L to 14.0 mg/L (highest) at Station T2 whereas it 

ranged from 2.67 mg/L to 7.67 mg/L (lowest) at Station Upstream. Station T I recorded a 

range between 3.00 mg/L to 6.33 mg/L while Station Downstream ranged from 3.00 

mg/L to 11.33 mg/L. 

Mean DO ranged from 4.40 mg/L to 6.90 mg/L (highest) at Station Downstream 

whereas it ranged from 1.4 mg/L to 2.98 mg/L (lowest) at Station T2. Station T 1 recorded 

a range between 2.10 mg/L to 4.8 mg/L while Station Upstream ranged from 3.8 mg/L to 

6.15 mg/L. 

Water quality parameters such as BOD and TSS at Station T2 were found 

significantly different from all stations. Mean BOD at Station T2 was significantly 

different from all stations (P<0.05). Station T2 was also significantly different in mean 

COD from Station Tl (P=0.04), Station Upstream (P=0.05) and Station Downstream 

(P=0.49). For TSS, Station T2 was significantly different in from stations except Station 

Downstream (P=0.07). 
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Figure 2: E. coli population detected using spread plate method. 
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Figure 3: E. coli population detected using membrane filtration method. 
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Figure 4: E. coli count and DO level during 8 hours of continuous sampling at Station T2 
on 4 November. 

Table 1: Water quality parameters such as pH, Temperature, DO, BOD and E. coli count 
at Station T2 during 8 hours of sampling. 

Time pH Temperature 

(0C) 

DO 

(mg/L) 

BOD 

(mg/L) 

E. coli count 

(log cfu+1ImL) 

Flow 

rate 

(ms· l 
) 

8:30am 
6.90 25.70 2.58 

10.00 
±0.1 

1.72 
±0.09 

0.07 
±0.1 

9:30am 
7.08 25.90 2.55 

9 ~80 
±0.1 

1.73 
±0.1 

0.06 
±O.O 

10:30am 
7.04 26.00 2.60 

10.50 
±0.08 

1.94 
±0.05 

0.07 
±O.O 

ll:30am 
7.10 26.10 2.48 

8.77 
±0.12 

1.49 
±0.09 

0.06 
±O.O 

12:30pm 
7.13 26.50 2.00 

11.67 
±0.06 

2.16 
±0.07 

0.06 
±O.O 

1:30pm 
7. 11 26.40 1.90 

11.33 
±O.12 

2.15 
±0.06 

0.07 
±O.O 

2:30pm 
7.08 26.90 2.60 

10.10 
±0.1 

1.88 
±0.07 

0.06 
±O.O 

3:30pm 
7.12 26.60 2.50 

9.82 
±0.12 

1.99 
±0.05 

0.05 
±O.O 

4:30pm 
7.05 26.40 2.47 

9.67 
±0.15 

1.86 
±0.08 

0.05 
±0.1 
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Table 2: Water quality parameters such as BOD, COD, TSS, DO, pH, flow rate, 
temperature andb' Iaetena count usmg spreadid membrane til h dplate an 1 tratlOn met 0 

Date Location 

BOD 

(mg/L) 

COD 

(mg/L) 

TSS 

(mglL) 

Temp 

eratu 

re 

(0C) 

DO 

(mg/L) 

pH Spread 

Plate 

(log 

du+lImL) 

Membrane 

filtration 

(log 

cfu+lImL) 

Flow 

rate 

(ms· l ) 

28· 

Oc! 

n 5.23 

::1:0.62 

3.33 

::1:0.58 
I 

6.33 

±D.58 

25.7 

I 

2.1 6.37 0.74 

±D.13 

- 0. 14 
::1:0.01 

UpS! 7.90 

±.1.15 

5.33 

::1:0.58 

5.00 

::1:1 .73 

26.0 3.8 7.01 0.83 

::1:0.13 

- 0.26 
::1:0.02 

Dwns! 8.13 

::1:0.57 

10.67 

::1:0.58 

8.67 

::1:1.15 

26.2 4.4 7.14 1.25 

::1:0. 1 

- 0.48 
::1:0.04 

T2 9.47 

±D.4 

15.67 

::1:0.58 

10.33 

::1:0.58 

25.9 1.4 6.9 2.73 

::1:0.05 

- 0.08 
::1:0.01 

11

Nov 

TI 6.90 

±D.46 

3.67 

±D.58 

6.33 

::1:0.58 

25.7 4.62 

. 

6.76 0.94 

::1:0.03 

- 0.26 
::1:0.00 

UpS! 5.57 

::1:1.6 

6.33 

::1:0.58 

5.33 

::1:1.15 

26.00 6.15 7.27 0.66 

::1:0.1 

- 0.46 
::1:0.03 

Dwns! 8.67 

::1:0.31 

10.33 

::1:0.58 

4.67 

::1:0.58 

24.8 6.4 7.36 1.30 

::1:0.07 

- 0.66 
::1:0.05 

T2 10.03 

±D.32 

18.33 

::1:0.58 

9.67 

::1:1.53 

25 .1 2.83 7.15 2.62 

::1:0.03 

- 0.25 
::1:0.04 

18· 

Nov 

TI 6.13 

::1:0.15 

7.00 

::1:1.00 

5.67 

::1:1.15 

24.8 3.55 6.31 1.08 

::1:0.04 

2.17 

::1:0.03 

0.69 
::1:0.07 

UpS! 5.07 

±D.15 

7.67 

::1:1.15 

3.33 

::1:0.58 

24.7 4.7 '6.71 2.15 

::1:0.03 

1.98 

::1:0.1 

0.53 
::1:0.09 

Dwns! 7.03 

±D.06 

11.00 

::1:1.00 

9.33 

::1:1.53 

24.7 5.43 6.75 3.56 

::1:0.01 

2.03 

::1:0.09 

0.61 
::1:0 .02 

T2 10.10 

±D.17 

15.67 

::1:0.58 

14.0 

::1:1.00 

24.5 2.98 6.69 

I 

4.00 

::1:0.01 

3.33 

::1:0 .05 
I 

0.76 
±D.21 

I 

5

Dec 

TI 6.03 

±D.25 

16.33 

::1:1.15 

4.33 

::1:1.15 

24.8 2.53 6.37 I 0.94 

::1:0.03 
I 

1.39 

::1:0.08 
I 

0.11 
::1:0.01 

UpS! 7. 10 

±D.3 

12.67 

::1:1.53 

2.67 

::1:0.58 

24.4 5.91 6.88 0.63 

::1:0.06 
II 1.64 

I' 
±D.06 

0.38 
::1:0 .03 

Dwns! 8.03 

±D.SS 

16.33 

::1:1.53 

3.00 

::1:0.00 

24.5 5.90 7.15 1.18 

::1:0.03 II 

1.92 

±D.03 

0.48 
::1:0.07 

T2 9. 10 

±0.2 

28.33 

::1:0.58 

10.67 

::1:0.58 

24.3 2.14 7.23 2.59 

±D.OI 

3.82 

::1:0 .03 

0.09 
::1:0.03 

II· n 5.10 

±O.26 -
4.67 

::1:1.15 

24.00 3.77 6.65 0.90 

::1:0.00 

1.28 

::1:0.09 

0.23 
::1:0.04 
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Upst 6.10 7.67 23.8 6.05 7.27 1.08 1.37 0.94 

±O.2 - ±1.53 ±0.06 ±0.08 
±0.08 

Ownst 7.10 11.33 23.5 6.28 7.27 1.30 1.54 0.86 

±O.2 - ±1.53 ±0.04 ±O.06 
±0.06 

T2 10.10 10.0 23 .8 2.4 7. 11 2.09 2.40 0.12 

±O.2 - ±1.73 ±O.02 ±0.02 
±0.01 

16

Dec 

TI S.23 

±O.06 -
3.00 

±1.00 

23.6 

I 
4.8 6.27 0.59 

±O.II 

1.15 

±0.28 

0.17 
±0.01 

Upst 6.20 4.00 23.7 5.05 6.02 0.67 1.21 0.64 

±O.I - ±1.00 ±0.06 ±0.08 
±0.06 

I 

I 

Ownst 7.13 

±O.29 -
5.33 

±O.58 

23.6 6.9 6.8 0.56 

±0.24 

1.13 

±0.08 

0.5 
±O.04 

T2 9.10 

±0.2 -
9.67 

±0.58 

23 .9 2.63 6.74 

I 

1.60 

±0.06 

2.19 

±0.04 

0. 14 
±0.01 
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Die-off Experiment 

The result for the characteristics of sediment is shown in Table 3. It has high 

water content. One gram of wet sediment has water content of 0.83±0.08g. 

The graph of E. coli population in sediment at 200e is shown in Figure 5 and at 

300e is shown Figure 6. For nonsterile sediment at 20oe, the E. coli population decreased 

from the first day and was not detectable after 41 days. At 30oe, the E. coli count in 

nonsterile increased for I day before it decreased steadily until undetectable on the 29th 

day. At 20oe, the E. coli count for the control increased for 4 days before it started to 

decreased and then it increased again before decreasing. After 43 days, the E. coli was 

still detectable. At 300e (Figure 6), the E. coli population in control beaker, decreased for 

the first 3 days before it increased slowly for 7 days. After that, it began to decrease again 

for 29 days. 

Graph of E. coli count in water column in beakers at 200e and 300e are shown in 

Figure 7 and Figure 8 respectively. At 20oe, the E. coli count in nonsterile water 

increased for 3 days before decreasing and become undetectable after 35 days. At 30oe, 
E. coli population in nonsterile beakers decreased from the first day until become 

undetectable after 17 days. The population of E. coli in control beaker at 200e increased 

and the trend is similar to E. coli count in sterile beakers of die-off experiment in 

sediment at the same temperature. However, the die-off was faster in the water. E. coli 

count increased for 5 days before decreasing. However, E. coli count in control at 300e 
decreased since the first day but still detectable after 35 days. 

E. coli was able to survive longer in 20oe. It survived until 35 days in nonsterile 

water column and 4 1 days in nonsterile sediment. At 30oe, it becomes undetectable after 

17 days in nonsteri le water column and 29 days in nonsterille sediment. This showed that 

E. coli died faster in nonsterile water column compared to nonsterile sediment. 

Linear regres ion of mean log concentration of E. coli in nonsterile sediment at 

200e is shown in Figure 9. It showed that the coefficient of determination, R2 was 0.9525. 

The regression was significant (P<O.0005). Figure 9 showed linear regression of mean 

g concentration of E. coli in sterile sediment at 20°e. The coefficient of determination, 

0.7346. The regression was significant (P<0.0005). 
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Linear regression of mean log concentration of E. coli in nonsterile sediment at 

300e is shown in Figure II. It showed that the coefficient of determination, R2 was 

0.9274. The regression was significant (P<0.0005). Figure 12 showed linear regression of 

mean log concentration of E. coli in sterile sediment at 30oe. The coefficient of 

determination, R2 was 0.9058. The regression was significant (P<0.0005). 

Linear regression of mean log bacterial population on E. coli in nonsterile water 

column at 200e is shown Figure 13. It showed that the coefficient of determination, R2 

was 0.9408. The regression was significant (P<0.0005). Linear regression of mean log 

bacterial population on E. coli in sterile water column at 200e is shown Figure 14. It 

showed that the coefficient of determination, R2 was 0.9519. The regression was 

significant (P<0.0005). 

Linear regression of mean log bacterial population on E. coli in nonsterile water 

column at 300e is shown at Figure 15. It showed that the coefficient of determination, R 2 

was 0.9536. The regression was significant (P<0.0005). Linear regression of mean log 

bacterial population on E. coli in sterile water column at 300e is shown at Figure 16. It 

showed that the coefficient of determination, R2 was 0.8713. The regression was 

significant (P<0.0005). 

Mean die-off rate (k) and coefficient of determination (R2) for E. coli in sterile 

and nonsterile condition at 200e and 300e are shown at Table 4. At 20oe, the highest 

decay rate of E. coli was in nonsterile sediment (0. 123±0.005 dol) and the lowest was in 

sterile sediment (0.043±0.004 dol). At 30oe, the highest decay rate of E. coli was in 

nonsterile water column (0.340±0.0 12 dOl) and the lowest was in sterile water column 

(0.116±O.004 dol). The highest decay rate in die-off experiment was in nonsterile water 

column (0.340±0.0 12 dol) at 300e while the lowest decay rate was in sterile sediment 

(O.043±0.004 dol) at 20°C. 

There were sign ificant differences of decay rate in nonsterile sediment (P<O.OO I) 

and in sterile sediment (P=0.0005) at 200e and 300e respectively. For water column, 

there was significant difference in nonsterile water column (P=0.0005) and no significant 

ditTrerence in sterile water column (P=0.345). 
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Table 3: Characteristics of the sediment used in this study. 
Particle Size Analysis 

Clay (%) Coarse Silt Fine Silt (%) II Sand (%) 

(%) 

8.90:1:0.21 8.93±0.13 6.68±0.15 75.59±0.W 

Organic 

Matter 

Content (%) 

0.73 ±0.05 
! 
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Figure 5: Mean population of E. coli in sediment at 20°C. 
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Figure 6: Mean population of E. coli in sediment at 30°C. 

19 




••• 

i t 4.000 
8. i 3.000 

I 2.000 

1.000 
0.000 

.. ... 
"' ..""., •'.... 

8.000 


gt 7.000 
 .~.. .
T 6.000 .. .' ........ ,i i 5.000 	 .. ~ 

o 	 10 20 30 40 50 

Tlme(d) 

____ NS20 ......C20 

Figure 7: Mean population of E. coli in water column at 20°C. 
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Figure 8: Mean population of E. coli in water column at 30°C. 
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y = -O.1231x + 5.6915 

R2 =0.9525 

• 

o • 
o 	 10 20 30 40 50 

Time(d) 

• NS20 - Linear (NS20) 

Figure 9: Linear regression of mean log bacterial population on E. coli in nonsterile 
sediment at 20°C. 
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Figure 10: Linear regression of mean log bacterial population on E. coli In sterile 
sediment at 20°C. 
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