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ABSTRACT
Optimization and Efficiency of DNA Extraction from Drinking Water
Samples
Mashael Felemban

Water quality evaluation is a global concern due to its effect on public health. Different
procedures can be implemented to evaluate specific standards of water quality. DNA
extraction to characterize the microbial community in the water distribution systems is
important. To optimize the DNA extraction process the effect of residual chlorine and
water composition was tested. The results exposed the limited effect of the samples
dechlorination. Total cell number effect can be varied according to water quality. Also,
the study indicated the possible inhibitory effect of the rust on the DNA extraction from
drinking water samples.
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CHAPTER 1
INTRODUCTION
1.1

Water desalination as a solution

Water Scarcity is a global problem defined as the unavailability of safe water to meet
the needed demand livelihoods [1]. According to World Health Organization 844 million
people lack access to safe water for essential use [2]. The increasing demand of clean
fresh water is mainly due to uneven distribution of resources, climate change, and
overpopulation, expanding needs for agriculture, food production and industrial
development. As world population grew from 1.6 billion to over 5.4 billion in the last
century, the agriculture water needs have increased by five times, the peak of this
increment was in the mid-century when the Green revolution start which include
fertilizers and pesticides, high-yielding seeds, and irrigation. The domestic and
commercial use is estimated to be less than a tenth of the global water need [3].
Seawater desalination offers an apparently limitless, stable source of high quality
water to overcome the water scarcity problem. Extensive research to improve the
desalination technologies and to control the associated problems increased the cost
effectiveness and reduce the environmental impact. Consequently, the desalination
capacity has increased and make the water desalination applicable solution more than
other options like water transfer or water retention [4].
Desalination technologies can be classified into mainly two categories: (i) thermal or
(ii) membrane desalination processes. The most commonly used thermal desalination
methods are multi-effect distillation (MED), multistage flash (MSF) and vapor
compression (VC) while reverse osmosis (RO) is the most popular membrane
desalinating technology [5]. Selection of a suitable desalination technology is a critical
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decision that depends on site-specific parameters which include the topography of the
construction site, feed water salinity and water quality, energy and manpower cost,
operation contract types and finally the environmental and political limitations [4].
Fiorenza et al 2003 reported the standard average capacity for the existing desalination
technologies and their corresponding cost (Table 1.1) [6].
Table 1.1 – Estimated water production cost for the different desalination technologies.
Desalination Technology

Capacity (m3/day)

Cost ($/m3)

MSF

25,000

1.10

MED

10,000

0.80

VC

3000

0.70

RO

6000

0.70

The higher cost of thermal desalination technologies is the fuel use to heat the water in
order to vaporize it. Membrane desalination technologies, mainly RO, were not favored
as cost-effective option mainly due to the high cost of membrane replacement [6].
The use of membrane technologies has rapidly grown due to salt rejection, increased
surface area per unit volume, increased flux, improved membrane lifetime, and ability to
operate at higher pressures therefore the overall reduction in the produced water cost [7].
A point of focus is the significant increase in the recovery ratio of the RO system over the
years (the amount of produced water to the feed water amount ). The recovery ratio for
seawater desalination (Salinity of 35,000 mg/L) was about 25% in the 1980s and it
increased to 35% in 1990s. Currently, the recovery is about 45% and can reach up to 60%
when a second stage is used [4].
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The recovery ratio decreases as salinity becomes higher, nevertheless, the recovery ratio
has been improved significantly with primary focus on advanced pretreatment to control
fouling that occurs on RO membranes considerably reducing the performance [4].
1.2

Water bio-stability

The adverse health impacts related to lack of water and sanitation are significant and are
mainly due to exposure to pathogenic microbes and harmful chemicals through various
routes. In developed countries drinking water is considered part of the national security
similar to food availability, where governments allocate a major portion of the financial
spending to achieve high water quality. The world health organization defined guidelines
to set the recommended limits for health-harmful concentrations of key water pollutants
to ensure supply of safe drinking water safety. The microbial aspects was the first
consideration discussed in the guideline. From the source to the tap, water should be
subjected to several barriers to prevent contamination and reduce the risk of pathogenic
contamination which can be achieved by setting multiple barriers that include protection
of water resources, proper selection and operation of treatment steps, and management of
distribution systems [8].
Once the water is produced the goal is to ensure the delivered water remains in the same
high quality, aiming to provide biologically stable water. Several factors affect bacterial
regrowth in the distribution network including the concentration of growth limiting
nutrients in the water, water temperature, distribution network pipes material and surface
properties, retention time and the presence or absence of disinfectant residual [9].
The pipe material is a highly relevant factor when investigating biofilm development in
distribution network .Some studies showed that certain pipe material such as copper
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hampers bacterial growth, however after a longer lag phase the biofilm development was
the same compared to plastic pipes [10]. On the other hand, another study showed that
less biofilm developed on plastic-based materials (PE and PVC) compared to all the other
pipe materials tested while biofilm development was the highest in gray iron pipes [11].
The high temperatures during the summer season increase the microbial activity within
the distribution system [12], and deplete the chlorine residual more rapidly resulting in
more difficult control of bacterial regrowth [13].
Water distribution pipes are characterized as an oligotrophic environment with low
carbon concentrations, allowing heterotrophic bacteria to grow and survive. Only a small
portion (0.1–9.0%) of the total organic carbon (TOC) present in the water defined as the
assimilable organic carbon (AOC) can be used by the bacteria to grow [14]. In most
waters the organic carbon is main bacterial growth limiting compound, however, some
studies revealed that bacterial regrowth can be inhibited by phosphate or other inorganic
compounds [15] [16] [17]. Therefore, several strategies exist to limit bacterial regrowth
in the drinking water distribution systems mainly through limiting of growth promoting
compounds (AOC, Phosphate, etc.) Or through disinfection residuals. Chlorine is the
most commonly used disinfectant that leaves a residual in the network acting as a
secondary barrier for bacterial regrowth. Insufficient amount of disinfectant residuals can
lead to ineffective control of bacterial regrowth [18]. Moreover, some bacterial strains are
not well inactivated due to resistance to chlorination. For example, chlorine disinfection
showed some limitations against species like Pseudomonadaceae in a study investigating
disinfected water from a swimming pool where Pseudomonadaceae bacteria relatively
increased after chlorination even with a longer contact time [19]. Inefficient inactivation
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can also be due to bacterial attachment to particles or biofilm formation where the less
penetration of the disinfectant to inactivate the bacterial cells is observed [20] [21]. The
use of chloramines have an unintended effect due to excess free ammonia which causes
nitrifiers to grow [22].

1.3

Methodological approaches for studying drinking water ecology

An increase in the global concern regarding water safety and its great effect on public
health is seen due to the possibility of drinking water contamination and inefficient
disinfection [22]. Therefore, water quality monitoring and assessment is necessary to
ensure the water microbial stability and water quality in the distribution systems.
The methods used to assess microbial stability in the distribution system can be classified
to culture-dependent and culture-independent methods. Culture-dependent methods are
commonly used by water companies because these methods are relatively simple, fast,
and provide data with a reasonable cost [23]. However, the bacterial population that can
be cultured represents a minor portion of the total bacteria present in the sample and
represent almost less than 1% of the microbial diversity [24]. For example, heterotrophic
plate count (HPC) is one culture based method, still considered a reference method for
monitoring drinking water networks, although HPC yields only information about a
limited fraction of the whole microbial community in a sample [25].
On the other hand, culture-independent techniques have overcome these limitations and
developed rapidly to provide more information about the microbial community in water
networks. However, the application of these techniques by water utilities in routine
inspections is limited as comparatively expensive equipment is needed as well as trained
employees [23]. Flow cytometry is one of culture-independent techniques which can be
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used to quantify the total bacteria cell number in the water samples [26] and provide a
more accurate count compared to traditional plate counts. Recently, flow cytometry was
established as a reference method in Switzerland by the Swiss Federal Institute of
Aquatic Science and Technology [23].

1.4

DNA extraction

Nucleic acids extraction is the initial step of all polymerase chain reaction (PCR) based
methods aiming to study the microbial community in drinking water distribution systems.
The extraction procedure should always be selected based on the sample source and the
subsequent application of the isolated DNA [27]. The problems associated with the DNA
extraction from water samples is the variations in water quality related mostly to the site
conditions, sampling season, and weather events. Many substances are present in the
water and can interfere with the DNA extraction process. Such substances include
sediments, soil, plants, and dissolved inorganic and organic compounds. In addition, most
drinking water samples have a low concentration of bacterial cells which makes the DNA
extraction more difficult and affects the recovered DNA concentration and purity [28].
The extracted DNA may be subjected to degradation in case of presence of some
enzymes in the sample [29].
All the DNA extraction procedures start with capturing the microbial cells from the
water samples by filtration [30]. In some cases of certain species detection, the filter
processing is recommended to giving the best DNA isolation efficiency [31]. Cell lysis is
the second step to extract the DNA, chemical and mechanical lysis mostly effective in
DNA extraction from most bacterial species [28]. The chemical lysis can be done by
using one of two kinds of lysis mixtures: detergents like Sodium Dodecyl Sulfate (SDS)
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[32] or buffers like hydroxymethyl amino methane (TRIS) or phosphate [33]. The
bacterial cell wall composition can affect the cell lysis effectiveness where gram-positive
bacteria showed more resistant than gram-negative bacteria due to tough peptidoglycan
cell wall structure [34]. Also, bacterial spores were more resistant to physical disruption
and chemical lysis than vegetative bacteria [35]. After the DNA extraction the DNA
purification could be applied in order to enhance the DNA purity [30].
DNA extraction protocols selection is critical because it affects the microbial community
characterization , either to detect specific specie or to study the total biodiversity [36].

1.5 Research Objective
The objective of this study was to optimize the DNA extraction protocol from chlorinated
drinking water. The impact of chlorine residual, total cells counts and water quality on
the DNA extraction efficiency were assessed. The focal research questions of the study
were:
1- Does residual chlorine affect the extracted DNA concentration?
2- Can the low concentration of extracted DNA be attributed to the low number of
bacterial cells?
3- How effective is the protocol used for the DNA extraction?
4- How does the water quality and composition affect DNA extraction?
To answer the research questions, two experiments were designed
•

Experiment 1: Effect of residual chlorine in water source on the DNA extraction
efficiency (Chapter 2)

•

Experiment 2: Effect of water quality on the DNA extraction process (Chapter 3)
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2 CHAPTER 2
Effect of residual chlorine in water source on the DNA
extraction efficiency
2.1

Overview

The initial trials of DNA extraction from KAUST tap water samples resulted in
extraction of very low concentrations of DNA with a low purity. KAUST tap water is
produced using RO membrane desalination with the Red sea water as a water source. The
produced water is chlorinated and then distributed through a closed distribution system.
The objective of this study was to investigate factors that contributed to the low
concentration of extracted DNA. The focus in this study was on two main factors:
residual chlorine and the low bacterial cells number in the tap water. The experimental
design consisted of several scenarios: extraction of DNA from tap water, dechlorinated
tap water, and spiked tap water with grown bacterial cells with or without dechlorination. The contact time of the dechlorinating agent with the sample varied among
the samples (0.5- 2 hours) to ensure the measured chlorine was below detection limit. For
the samples that were spiked with pre-grown bacteria, a contact time of 3 hours was
maintained before filtering the samples. All the water samples were filtered through 0.22
μm filters preface to extract the DNA later (Figure 2.1) (Table 2.1).

2.2

Material and Methods

2.2.1 Sampling and filtration
Tap water samples were collected from a single sampling point (WDRC laboratory tap,
KAUST), after 5 min of water flow. To prevent microbial contamination, sterilized
disposable bottles (Corning™, USA) were used to collect the samples. Temperature, pH,
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and chlorine concentration were measured for all the samples (Table 2.2). Residual
chlorine measured by the DPD method using Hach Pocket Colorimeter™. Samples were
filtered through sterilized 0.22 µm mixed cellulose membrane (Millipore™, Germany)
[37]. Membranes and the filtration system were sterilized a day before the experiment.

2.2.2 Total bacterial cell number
Measurements of the total bacterial cell concentrations in the water samples were done
using flow cytometry according to the protocol reported by Prest et al. 2013 [38]. In
short, 700 µL samples were preheated to 35◦C for 10 min, stained with 10 µL/mL SYBR
Green I (Molecular Probes, Eugene, OR, USA), then incubated in the dark at 35 ◦C for 10
min. Measurements were performed using a BD Accuri C6 flow cytometer (BD Accuri
Cytometers, Belgium) equipped with a 50 mW laser having a fixed emission wavelength
of 488 nm. Fluorescence intensity was collected at FL1 = 533 ± 30 nm, FL3 > 670 nm,
side and forward scattered light intensities were obtained as well. All data were processed
with the BD Accuri CFlow® software, and electronic gating was used to select SYBR
green labelled signals for quantifying total bacterial cell count following the procedure
described by Hammes and Egli (2005) [39].

2.2.3 Dechlorination
A 10% solution of Sodium Metabisulfite (SMBS) (Na 2 S 2 O 5 ) was used to quench the free
R

R

R

R

R

R

chlorine (Cl) for the scenario with de-chlorination through the following reactions
Na 2 S 2 O 5 + H 2 O →2NaHSO 3 (Sodium bisulphite, SBS)
R

R

R

R

R

R

R

R

R

R

SBS is then reduced to hypochlorous acid according to
NaHSO 3 + HOCL → HCL + NaHSO 4
R

R

R
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Theoretically, 1.34 parts of SMBS removes 1 part of Cl. In practice, 50 µL of 10%
SMBS solution was effective to dechlorinate one liter of tap water containing ~0.05 mg/L
of chlorine and resulting in a pH of 7.5 (±0.1) to ensure bacteria are not exposed to harsh
conditions. Hach Pocket Colorimeter™ II had been used for monitoring the Cl level [40].

2.2.4 Culture and water spiking
E.coli (DSM1103) was inoculated into Luria-Bertani (LB) broth (BD, USA) and
incubated overnight at 37°C . The cultured bacteria was sub-cultured in the LB medium
and incubated in shaking incubator with 150 rpm for 16 hours at 37°C to reach stationary
growth phase. Percipated bacterial cells were washed twice with phosphate-buffered
saline solution (PBS) and then suspended again in (PBS) and used for spiking the tap
water samples. Bacterial cell concentration in the suspension was estimated using optical
density measurements (absorbance 600nm) using UV-spectrophotometer and measured
with flow cytometry. The spiking volume was calculated targeting to reach 105 cells/mL ,
P

P

knowing that tapwater contained 104 cells/mL (Table 2.3).
P

P

2.2.5 DNA Extraction and quantification
The water samples were filtered through a 0.22 μm mixed cellulose membrane filters
(Milipore™) to collect the bacterial cells on the membrane. All membranes were stored
at -80℃ until the DNA extraction. The DNA was extracted using QIAGEN™ DNeasy
PowerWater Kit (Qiagen, Germany) as followed by manufacturer’s instruction. DNA
concentration was quantified using Qubit assays with the calibration ranges of high
Sensitive range (0.2-100 ng). The DNA concentration presented is based on the average
value of three independent experiments (triplicates).
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2.2.6 Experimental scenarios

2.1 Schematic of the experiment scenarios
Table 2-1 - Water sampling and Filtration.

Samples codes

A Original tap water (with residual chlorine)

B

C

D

E

Dechlorinated tap water (treated with a
dechlorination agent)
Spiked tap water (with residual chlorine +
bacterial suspension)

Contact time before
filtration
immediately after
sampling
After dechlorination

After 3 hours

spiked dechlorinated tap water (treated with

After dechlorination + 3

dechlorinated agent + bacterial Suspension)

hours after spiking

A membrane spiked with the same volume of
bacterial suspension only.

-

A membrane with the same amount of bacterial
F suspension after filtration of 4L of original tap
water

-
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Table 2-2 - Properties of water samples before and after dechlorination

Chlorine before
Sample

pH

Temperature

mg/L

(⁰C)

A
B

Before
dechlorination
8.1

After
dechlorination
-

Free

Total

0.04

0.05

8.1

7.6

0.05

0.05

8.1

-

0.04

0.04

8.1

7.56

0.04

0.04

23.4

C

dechlorination

D

Table 2-3 – Spiking details

Samples

Cells count
in the E.coli
suspension
cell/mL

Original cell
concentration
in the
Sample
cell /mL

E.coli dosing
µl/L

50,488

C
1.88×109
P

D

2.3

Cells count after
spiking
cell/mL

104
P

47.8

61,937

Results and discussion

Dechlorination did not result in a significant change (P>0.05, two sided t-test) in the
amount of extracted DNA (samples A and B- figure 2) contrary to some
recommendations that advised to add a dechlorination agent to sampling bottles [41].
Moreover, the DNA extraction yield did not significantly increase after spiking with the
E.coli suspension (P>0.05, samples A and C, Figure 2.2) indicating that the low bacterial
cell number was not the main reason for the inefficient DNA extraction (Figure 2.2).
. Although, dechlorination can prevent further bactericidal effects on organisms in the
water during transit, and that was clear when comparing C & D (P=0.05) samples which
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have additional bacterial cells, but no molecular benefit of dechlorination can be gained
regarding DNA extraction efficiency (Figure 2.2) .
At first, glance, charts in (Figure 2.2) and (Figure 2.3) seems representing the linear
relationship between DNA concentrations extracted from water samples and the total
cells numbers of the same samples [42], However, this does not necessarily determine the
effect of the cell count factor.
So, the FCM readings of the spiked samples (C&D) were normalized as following:
𝟏
𝒄𝒆𝒆𝒆⁄µ𝒍
(
)
𝒏𝒏/µ𝒍

= ng/cell converted
U

U

to pg/cell

to compare the resulted trends with the positive control (E sample) to verify the DNA
recovery efficiency. Thus, the reduction of these values in samples C and D comparing
with E mean that the concentrations of the extracted DNA were not parallel to the cell
numbers increased in that samples (Figure 2.2-2.4), because theoretically C and D
membranes should contain the sum of the spiking dose cells and the tap water original
cells. Since this decline was also present in both chlorinated and dechlorinated samples,
this may indicate the possibility of another component influencing the DNA extraction
efficiency.
Another evidence can support the hypothesis of the additional factor effect

is the

difference in the amount of extracted DNA between sample E and F, although the only
difference between this two samples is the water sample flow through the membrane, the
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DNA concentrations results show significant inhibition in the DNA extraction process
(P<0.05) (Figure 2.2-2.5). To sum up, Tap water shows an inhibitory effect on the DNA
extraction whether it has chlorine or not in both cases of spiking, the spike in water bulk
and spike after filtration. So, there was a need for further study to confirm the hypothesis
of the water quality effect on the process

2.2Average DNA yield based on triplicate experiments

2.3 Average bacterial cell concentration based on triplicate experiments
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2.4 DNA recovery per cell for the spiked samples

2.5 Average DNA yield based on triplicate experiments
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3 CHAPTER 3
Effect of water quality on the DNA extraction efficiency
3.1 Overview
The inhibitory effect of water compositions on the DNA extraction efficiency was
investigated in this chapter. To evaluate, (i) DNA extraction efficiencies from the three
different water types including tap water (TA), commercial Evian water (EA), and
seawater (SA) and (ii) chemical compositions of water samples were compared.

3.1 Scheme of the experiment design

To observe DNA extraction efficiency from the water samples, the three different
types of filtrated samples are prepared for each water samples; filtering only
(SA, EA, TA), spiking of E.coli in water samples (EB, TB), and filtration as followed by
U

U

U

U

U

U

U

U

U

U

E.coli spiking on the membrane (SD, ED, TD). The properties of water samples such as
U

U

U

U

U

U
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organic compounds distribution and elements compositions were characterized (Figure
3.1).

3.2 Material and Methods
3.2.1 Sampling and filtration
To extract DNA from different water sources, tap water, seawater, and commercial
Evian water were used. Tap water was collected from the one pipeline after 5 min of
water flow. The fresh seawater samples are taken from the Red sea at the same day of the
experiment. Commercial Evian water bottles were purchased. To prevent microbial
contamination, sterilized disposable bottles (Corning™, USA) were used to collect water
samples. Total organic carbon (TOC) and pH of water samples were mesured using TOCVCPH analyzer (Shimadzu, Japan) and pH meter, respectively. Each 4 L of three water
samples were filtered through sterilized 0.2 µm cellulose acetate membranes
(Millipore™, USA) (Table 3.1).
Table 3-1Samples and contact time before filtration

Samples

Contact time before
filtration (h)

SA

Seawater filtration

SD

Seawater filtration + spiking E.coli on the membrane

EA

Evian water filtration

EB

Evian water filtration + spiking E.coli in water

ED

Evian water filtration + spiking E.coli on the membrane

TA

Tap water filtration

TB

Tap water filtration + spiking E.coli in water

3

TD

Tap water filtration + spiking E.coli on the membrane

0

0

3
0
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3.2.2 Total cell number
Flow cytometry analysis of the total bacterial cells was done by SYBR Green cell
staining followed by cell count in 50 µL of sample volume using an Accuri C6 flow
cytometer.

3.2.3 Bacteria culture and spiking
The E.coli suspension was prepeared as discribed in section 2.2.4. The spiking volume
was calculated to reach final concentration of 106 cells/mL (Table 3.2).
P

P

Table 3-2 E.coli suspension dosing for the experiments

Samples

E.coli
suspension
(Cells/mL)

Seawater
Evian

2×109
P

Tap water

E.coli spiking
volume
(µL/L)
270.4

Total cell numbers in the
Sample (Cells/mL)
Before spiking
After spiking
5
4×10
P

332.9

3.24×105

1.86×106

487.6

104

9.78×105

P

P

P

P

3.2.4 DNA Extraction and quantification
The extraction was performed as described in 2.2.5.

3.2.5

Analytical methods

As mention before to apply the analatycal methods 4 L of each water type were
filtered on 0.2 µm sterilized filter and cut into two halfs, one was used for Scanning
Electron Microscopy-Energy Dispersive X-ray spectroscopy analysis (SEM-EDX) and
the other half was rinsed in 25 ml of autoclaved ultrapure MilliQ water and vortexed for
5min then sonicated for 5 min. Fluorescence Excitation−Emission Matrix (F-EEM)
analysis was performed for the suspension to detect the organics on the membrane.
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3.3 Results and Discussion
The DNA extraction efficiency of water samples were evaluated. First, seawater
components which concentrate on the membrane do not have inhibition effect on the
DNA recovery (Figure 3.2). DNA was extracted effectively from both seawater (SA) and
U

U

seawater with spiking samples (SD).
U

U

3.2 DNA yield from seawater samples (SA, SD). The values are averaged from triplicate samples (n=3)

Second, Evian water did not inhibit the DNA recovery in the both cases of spiking the
spiking in the water bulk or on the membrane (Figure 3.3). The difference between the
Evian water samples (EA) and the spiked water samples (EB) was also significant
U

U

U

U

(P<0.05) same to the difference between EA and ED (spiked on the membrane after
U

filtration).

U

U

U
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3.3DNA yield from Evian water samples (EA, EB, ED). The values are averaged from triplicate samples
(n=3)

Third, spiking in the tap water does not make a significant difference in the DNA
yields when comparing TA and TB, tap water samples show a significant difference
U

U

U

U

between the original tap water TA and the spiked membrane after filtration TD (P<0.05),
U

U

U

U

So the DNA extraction efficiency was higher when adding the cells directly on the
membrane (Figure 3.4).

3.4 DNA yield from tap water samples (TA, TB, TD). The values are averaged from triplicate samples
(n=3)

Based on the different DNA extraction efficiency from each water samples and since
the limited effect of residual chlorine was approved in the first experiment, we
hypothesized that chemical properties of water samples may impact the DNA extraction
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efficiency. Table 3.3 summarized elemental components of tap water and Evian water
that were used in this study. The elements sodium, calcium, potassium, and magnesium
were the highest concentrations in tap water samples, but the difference was not
significant (P >0.05) comparing to Evian compositions.
Table 3-3Elemental analysis of Tap water and Evian water Samples
ND=Not determined, NM=Not mentioned in Evian report

Elements
Sodium (Na)
Calcium (Ca)
Potassium (K)
Magnesium (Mg)
Iron (Fe)
Zinc (Zn)
Aluminum (Al)
Strontium (Sr)
Nickel (Ni)
Lead (Pb)
Gold (Au)
Copper (Cu)
Palladium (Pd)
Lithium (Li)
Chromium (Cr)
Cobalt (Co)
Rubidium (Rb)
Silver (Ag)
Mercury (Hg)
Scandium (Sc)
Manganese (Mn)
Barium (Ba)
Vanadium (V)
Titanium (Ti)
Beryllium (Be)
Cadmium(Cd)

Tap water
µg/L
28600
3600
1930
858.6
124.7
74.4
17.3
9.0
4.8
2.5
1.7
1.7
1.2
1.1
<0.001
ND
1.0
0.7
0.5
0.5
0.5
0.5
0.3
0.2
0.2
0.07

Evian
µg/L
6700
81000
1000
27000
ND
ND
ND
NM
1.0
ND
NM
ND
NM
NM
ND
NM
NM
ND
ND
NM
0.001
110
NM
NM
ND
ND

The SEM-EDX images show the accumulation of elemental components on the
membrane. The analysis shows that the tap water membrane included 15 %, 16 % Iron
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and Oxygen. The presence of those elements was only shown in the tap water membrane
sample. It might be caused by the presence of rust (Iron Oxide) in the tap water (Figure
3.5). It was reported that Iron oxide could oxidize the phenol that leads to inhibit DNA
extraction efficiency [43].

3.5 SEM Images for the membranes used to filter 4 L of Evian and Tap water samples. EA= Evian TA=Tap water

100

32

15%

6%

29%

30%

80

Elements %

20%
34%
60

24%
16%

40

71%
20

70%

39%

Cu
K
S
Fe
Mg
Br
Na
Si
Cl
Ca
F
O
C
B

32%

0
Seawater
Membrane

Evian
Membrane

Tapwater
Membrane

Negative
control

EDX analysis
3.6 Element compositions of the membranes used to filter different types of water samples.

To evaluate effect of dissolved organic carbon on the DNA extraction process, TOC
was quantified and distribution of organic compounds are analyzed by F-EEM. TOC
values of seawater, Evian, and tap water were 1.6, 0.9, and 1.2 mg/L, respectively (Table
3.4).
Table 3-4TOC and pH measurement of water samples

Sample

TOC (mg/L)

pH

Seawater

1.55

8.4

Evian

0.85

7.6

Tap water

1.2

8.1

The organic compounds on the membranes were determined by F-EEM analysis. In
general, peaks in the short wavelength (< 250 nm excitation and < 350 nm emission)
related to simple aromatic protein like Tyrosine, intermediate wavelength peaks (250 nm
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excitation and < 380 nm emission) related to related to soluble microbial byproduct-like
material, longer peaks (> 280 nm excitation and > 380 nm emission) related to humic
acid-like organics [44].
The result shows that Tyrosine-like peaks in both Evian and Tap water membranes
suspensions (Figure 3.7) and water samples (Figure 3.8). Since tyrosine-like peaks are
also shown in the virgin membrane, however, it cannot be a major factor to inhibit DNA
extraction. Further study on detailed characterization of dissolved organic compounds
that may affect DNA extraction efficiency are required.
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3.7 F-EEM analysis for membranes suspensions Evian, Tap water and virgin membrane
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400
3.15x105
3.00x105
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400
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Emission wavelength (nm)

3.8 F-EEM analyses for Evian and Tap water samples
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4 CHAPTER 4
CONCLUSION
•

This study was conducted to enhance the DNA extraction efficiency from drinking
water samples by investigating the effect of residual chlorine, bacterial cell
concentration in the water, and water composition. The main study findings can be
summarized by:

•

Removal of residual chlorine had a limited impact on the DNA extraction efficiency.

•

Since the DNA extraction process require a filtration step , the water composition is a
critical factor that affected the DNA extraction from the drinking water samples, due
to the accumulation of the components present in the water on the membrane. The
study indicates to the possible effect of the Iron and Oxygen in the water samples.
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