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Abstract. A fast and simple method and technologies in drinking water supply are strongly
needed in an emergency situation. One alternative method is based on membrane forwards
osmosis (FO) technology. In this study, chitosan-based FO membranes have been developed
into drinking water bags used as purification media for dirty water and seawater. The chitosan
membrane used for the assembly of drinking water bags has a thickness of 0.043 mm, the
porosity of 30.3%, the tensile strength of 28.83 kgf /mm?, swelling degree of 43.5% and
elongation of 7.16%. The drinking water bags are made from a combination of polypropylene
plastic (PP) and aluminum foil plastic with the interface of the FO membrane inside. The
drinking water bag can be applied to purify dirty water and seawater into energy drinking
water, which can be used for drinking water supply in an emergency situation. Energy drinks
water is produced from the FO process using a variety of draw solution, specifically glucose,
fructose, and sucrose. The highest drinking water flux was obtained by using 3M sucrose
concentration as a draw solution. The clean water fluxes for dirty water and seawater samples
were 5.25 L/m’*hour and 4.25 L/m’hour respectively. The parameters drinking water quality
test are proved that pH, total dissolved solids (TDS), salinity, electrical conductivity, heavy
metals and the content of Escherichia coli bacteria are agreed with drinking water quality
standards based on PERMENKES regulations No. 492/MENKES/Per/IV/2010. The FO
drinking water bag based chitosan membrane has the potential to be used as an alternative
solution for energy drinking water supply in an emergency.

Keywords: drinking water, drinking water bag, chitosan membrane, forward osmosis
membrane, emergencies.

1. Introduction
The clean water crisis, especially drinking water in various parts of the world, has attracted the interest
of researchers to conduct studies and develop methods to obtain clean water and drinking water from
various types of available water sources. Community access to clean water, especially drinking water
is minimal both to meet local and global needs. The availability of surface water and soil that is
abundant cannot be used directly as clean water or drinking water [1]. Water in nature that can be used
directly for drinking water is less than 1%, this is because most of the available water is in the form of
seawater (97%), glacier (2%), river and brackish which cannot be directly consumed as a quality
drinking water [2]. Besides, polluted water sources that are not suitable for consumption are also the
reason for the lack of availability of clean water that can be directly drunk, while the need for water
continues to increase to meet human consumption [3]. The unavailability of drinking water can cause
dehydration, and metabolic processes are disrupted, attacked by various diseases and even lead to
death. Drinking water is a critical basic need and must be available even in emergencies situation [4].
Emergencies are defined as conditions that threaten and disrupt people's lives and livelihoods
caused by natural or human factors to create emergency conditions in almost every aspect of life.
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Indonesia is a country that is very vulnerable to emergencies. Geographically, Indonesia is a country
with a high potential for disaster (hazard potential). The movement of the Eurasian, Australian and
Pacific Ocean basins has caused earthquakes, tsunamis, active volcanoes, landslides, floods and others
[5,6]. Aftershock requires readiness and preparedness in dealing with any disasters and handling
during emergencies, one of them is the availability and quality of clean water, especially drinking
water. Drinking water becomes difficult to obtain because of damage and contamination of clean
water sources in disaster areas and the difficulty of access to isolated disaster locations. Therefore, the
development of methods and technology for drinking water supply in an emergency situation that is
easier, faster and simpler is needed. Innovation and technology development in the provision of clean
water, especially drinking water, still needs to be developed further, especially to respond to
emergencies that are very likely to occur, for example in disaster areas, water crisis areas, sea trips,
backpackers and other emergencies. One of them is by procuring drinking water bags based on
membrane technology through forward osmosis (FO) membrane process [7].

FO Membrane is an alternative method that is being developed to improve the efficiency of
polluted water purification processes, brackish water, and seawater into clean water, especially
drinking water. In the FO membrane method, water is purified by moving from a low concentration
solution to a solution with high concentration through a semipermeable membrane due to an osmosis
gradient [8]. The advantage of this method is that it does not require external pressure (hydraulic), the
possibility of fouling on small membranes and the possibility of low contamination and does not
require electrical energy in its application so that it is simpler, cheaper and practical to use [7]. In this
study, a chitosan-based FO membrane has been developed as a filter bag for drinking water in an
emergency. Saiful et.al [9] has reported that chitosan membrane is one of FO membranes that can be
applied to brackish filtration into energy drinking water. The quality of the energy of drinking water
product has met the drinking water criteria according to the Indonesian Government's drinking water
regulations. In this research, further development of drinking water bag membrane FO made from
chitosan which has been carried out for purification of dirty water and seawater. The FO testing
process is carried out using a variety of sugar solutions as a draw solution, namely glucose, sucrose,
and fructose. Energy water products from the FO process are analyzed for quality as drinking water
related to the main parameters of drinking water quality, namely heavy metal, pH, salinity, TDS,
electrical conductivity and E. coli bacteria content.

2. Material and Method

The equipment used in this study were a magnetic stirrer, oven, beaker, measuring cup, Erlenmeyer,
ceramic, duct tape, glue, scissors and sealing machine. The chemicals used are chitosan, sodium
hydroxide, acetic acid, dimethylformamide, distilled water, glucose, fructose and sucrose and
Polypropylene (PP) plastic and aluminum foil plastic.

2.1. Membrane preparation

Dissolved 3 grams of chitosan with 100 mL of 1% acetic acid (v / v), added 100 mL of 10% (v /
v) dimethylformamide solution as an additive. Erlenmeyer is closed and stirred using a magnetic
stirrer for £ 24 hours at room temperature; a solution of the chitosan polymer is obtained. Then the
solution is printed as a thin membrane on a ceramic at a thickness of 50 um. The solvent is allowed to
evaporate using an oven at a temperature of + 30 ° C until the membrane dries and detaches from the
ceramic. After that the membrane was washed with 1% NaOH (b/v), rinsed with distilled water until
neutral and dried at room temperature. The chitosan membrane obtained was used for FO testing
(Saiful et al., 2018").

2.2. Drinking water bags preparation

Drinking water bags are made using PP plastic and aluminum foil plastic. The two plastics are cut
in a rectangular shape with the same size, then between the two are placed the chitosan membrane that
has been made beforehand to form 3 layers. Next, the three plastics are joined together through
lamination on all the edges of the plastic using a sealing machine to form a bag of drinking water and
installed a lid on the front and back side.
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2.3. Draw solution preparation

The draw solutions used in the study were glucose, fructose, and sucrose with concentration 3M
dissolved by using distilled water. The draw solutions were fill in into the water bags for testing FO
processes.

2.4. Use of drinking water bags

The drinking water bags were made as reported in the previous study by Saiful ez al. (2018%). The
drinking water bags filled 100 mL of draw solution via the front lid and then feed solution of dirty
water or seawater filled 200 mL from the back lid. During the FO process, the draw solution will
attract the water in the feed solution through a semipermeable FO membrane. Therefore most of the
water will move from the feed solution to the draw solution. The FO process is carried out for 1 hour.

2.5. FO water product analysis

Water quality FO products were analyzed by measuring several water quality parameters,
specifically pH, TDS, conductivity, salinity, heavy metal and E.coli bacteria. pH was analyzed by
using pH meter and salinity meter was used for salinity analysis. @ TDS and conductivity were
analyzed by using conductivity meter, therefore analysis of heavy metals including Hg, As, Mn, Zn,
Cu, Cr, Fe, and Cd by using Atomic Absorption Spectrophotometry (AAS), and analysis of E.coli
content using the MPN (Most Probable Number) method.

3. Result And Discussion
3.1. Membrane preparation and characterization
The process of making FO membrane was carried out by dissolving chitosan in 1% (v / v) acetic acid
and adding 10% DMF. The addition of DMF can increase porosity because DMF is a porogen additive
compound, which is able to create greater space between polymer chains, causing more membrane
pores to form and can facilitate more water to move through the membrane (Saiful et al., 2017).
Chitosan membrane is physically transparent, thin and strong with a tight and porous structure [9].
The FO chitosan membrane has a thickness of 0.043 mm, the porosity of 30.3%, swelling degree of
43.5%. Mechanical characteristic FO membrane demonstrated the tensile strength of 28.83 kgf / mm2
and percent elongation of 7.16%. SEM picture in Figure 1 shows that the membrane has an
asymmetry structure, where the structure and pore sizes of the membrane are not uniform.
Morphology shows that there are differences in structure between the top and bottom surfaces. The
membrane morphology on the top surface is tight and flat, while the lower surface is rough. Most of
all the forward osmosis membrane has an asymmetric structure [10]. In the cross-section of the
membrane illustrated that the membrane has a well-connected structure and is free of macrovoid. In
this study, the desired membrane for FO testing application is a tight and porous membrane structure.

2014/06/26 17.08 F D39 x1.5k  50um 20140626 1656 F D35 x1.5k 2014/06/26 17:28 F D45 x1.0k 100 um

Figure 1. Morphology of 10% chitosan membrane DMF characterized by SEM with
2500x magnification (a) top surface (b) bottom surface (c) cross section.
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3.2. Use of drinking water bags
The drinking water bag produced has a total volume capacity of + 400 mL, which consists of two sides

with a volume of + 200 mL each, which is separated by an FO chitosan membrane. The front part is
used to introduce a draw solution in the form of glucose, fructose or sucrose. Then the back part of the
water bag is filled in the feed solutions specifically dirty water or seawater. The shape of the drinking
water bag is shown in Figure 2.

(@) (b)
Figure 2. The shape of the drinking water bag (a) front looks and (b) back looks

The use of drinking water bags for the FO process was carried out by inserting 200 mL of the
sample as a feed solution through the back cover of the drinking water bag. Then added 100 mL of a
draw solution specifically of sucrose, fructose, or sucrose with a concentration of 3M from the lid of
the front of the bag. The FO process was performed for 1 hour with an effective surface area of 41.25
cm® membrane. Within 1 hour FO processes the volume of permeate product is close to the maximum
volume of the water bag capacity. Besides, based on previous research, the first hour of the FO process
is the optimum time with the highest flux value, while after that the flux starts to decrease to a constant
[9]. The amount of water flux-product for each draw solution is shown in Figure 3.

B Glucose
2 M Fructose

1 4 Sucrose

Flux (L/m2hour)

dirtywater seawater

Figure 3. The clean water fluxes of FO chitosan membrane within 1-hour process for dirty water and
seawater as feed solution

Based on figure 3, it can be seen that sucrose as draw solution was obtained as the highest clean
water fluxes in both seawater and dirty water. The maximum clean water flux generated from 3M
sucrose as draw solution for dirty water samples is 5.25 L/m’h, while for seawater the resulting flux
value is 4.25 L/m*h. Sucrose produces a relatively higher clean water flux because it has a higher
osmotic pressure and solubility compared to fructose and glucose, allowing the increased volume of
water moving. Dirty water samples produce higher flux than seawater due to the total dissolved solutes
in dirty water is lower than seawater, to facilitate more water and free to move towards the draw
solution.
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3.3. Water quality analysis of FO products

3.3.1. pH, salinity, conductivity and TDS analysis.

The feed solution used is dirty water taken in the Limpok, Aceh Besar village and seawater from the
Alue Naga area, Aceh Besar. The water quality of the FO product was measured after 1 hour of the FO
processes. Based on Figure 4. lllustrated that the results of pH analysis for all draw solutions were not
a significant change in pH towards the draw solution. The pH of the pH of the water obtained from
ranged from 7.46 to 7.72. This value is still in the range of pH requirements for drinking water
according to PERMENKES No: 492/Menkes/Per/IV/2010, the pH allowed for drinking water is 6.5 -
8.5. According to pH analysis demonstrated that chitosan FO membrane could be applied for
producing drinking from dirty water and seawater.

8.5 -
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Figure 4. The results quality analysis of the FO drinking water products with pH parameters using a
solution of glucose, fructose and sucrose

Another drinking water quality parameters specifically salinity, conductivity, and TDS for FO
water product are shown in Figure 5. The Figure 5, it is proved that all the results of the measurement
parameter are meet to drinking water quality standard. It means that the FO membrane is able to hold
the substance or species dissolved in the feed solution so that it does not move towards the draw
solution, while the one that is attracted to and able to pass through the semipermeable membrane is
only water.
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Figure 5. The analysis results of quality the FO drinking water energy product
against the parameters: (a) conductivity (b) Total Dissolved Solid (TDS), (¢)
salinity.
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The value of water salinity for FO water products also demonstrates that chitosan FO membrane
can block all salt ion from the feed solution, where the salinity values obtained ranged from 0 - 0.2
ppt. This value confirms that the water produced is still classified as fresh water and is below the
maximum salinity limit for fresh water which is commonly used 5 ppt. TDS values for FO water
products ranged from 8-168 mg/L from the initial TDS of 427mg/L for dirty water and 48350 mg/L
for seawater. Then the conductivity of the FO product ranges from 18.8-223 mg/L from an initial
conductivity of 1016 p s/cm for dirty water and 67800 u s/cm for seawater. Overall TDS values and
conductivity of all draw solutions after the FO process was permissible because the value was below
500 mg/L. The content of the TDS agreed with PERMENKES regulation No.
492/Menkes/Per/IV/2010 that is the maximum allowable TDS standard is 500 mg/L.

3.3.2. Metal contents analysis

Analysis of the content of heavy metals in feed water and FO product water was measured using
Atomic Absorption Spectrophotometer (AAS). Where the types of metals measured are Hg, As, Mn,
Zn, Cr, Fe, Cu, and Cd. All of these metals are chemical parameters requirement in standard drinking
water analysis according to PERMENKES No 492/MENKES/PER/IV/2010. The results of the heavy
metal analysis are shown in Table 1.

Table 1. Heavy metal analysis of the drinking water FO products.

No Parameter Unit Analysis Result Standard
Dirty FO Seawate  FO product

water product r sample

sample
1 Mercury (Hg) mg/L <0,001 <0,001 <0,001 <0,001 0,001
2 Arsenic (As) mg/L <0,003 <0,003 <0,003 <0,003 0,01
3  Mangan (Mn) mg/L <0,002 <0,002 <0,002 <0,002 0,4
4 Zinc (Zn) mg/L <0,01 <0,01 0,8207 0,0488 3
5 Copper (Cu) mg/LL <0,002 <0,0026 <0,0052 <0,0026 2
6  Cromium (Cr) mg/L <0,002 <0,002  <0,002 <0,002 0,05
7 Iron(Fe) mg/L <0,009 <0,009  <0,009 <0,009 0,2
8 Cadmium(Cd) mg/L <0,002 <0,002  <0,002 <0,002 0,003

The analysis results of heavy metals from samples from both dirty water and seawater indicate that
the samples used do not contain metals with high concentrations, where the concentration of small
metals is below the AAS detection limit. Then the water from the FO product did not show any excess
metal content. Based on Table 1. It is described that all types of metals measured are still below the
drinking water quality standard. However, based on previous studies reported chitosan-based FO
membrane is able to block the heavy metal from passing through the FO membrane. Chitosan FO
Membrane is able to filter the smallest size salt ion, and this means that it is automatically can block
all bigger size heavy metal ions do not pass through the membrane towards the water of the FO
product [9,11].

3.3.3. Bacterial analysis

Analysis of the presence of bacterial content in water from the FO process was carried out using
the Most Probable Number (MPN) method. The samples analyzed consisted of seawater and dirty
water as well as water from FO products. The results of the E. coli analysis are shown in Figure 6.
Where in dirty water samples containing 43/100 mL of E.coli and seawater samples containing 23/100
mL of E.coli. In contrast, the water from FO products from both samples was negative containing E.
coli (0/100mL). The FO membrane is proving to be able to filter E.coli from the sample because the
membrane pore size is smaller than the size of the bacteria so that the FO product is free of E. coli.
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Figure 6. The analysis result E.coli content of FO water product

The type of membrane used as a filter in drinking water bags is a dense membrane with a pore size
that is very small and dense. The pore size of the dense membrane has a pore <0,0001 um in diameter
while the size of bacteria is 0.2 to 1 pm, and the virus is between 0.02 to 0.4 um. FO membrane is a
membrane whose ability to filter out dissolved and suspended species in water including bacteria and
monovalent ions [12,13].

4. Conclusion

Chitosan FO Membrane can be developed into ready-to-drink filter bags, where maximum flux is
obtained with 3M sucrose concentration as draw solutions with a flux value of 5.25 J/m*h for dirty
water feed solution and 4.25 J /m’h for seawater feed solution. The results of the analysis of drinking
water quality parameters in the term of pH, TDS, salinity, conductivity, metal and E.coly bacteria
content showed that the quality of water produced by FO process meets drinking water quality
standards according to PERMENKES regulations No. 492/MENKES/Per/IV/2010. The FO
membrane-based drinking water bag can be used as an alternative solution for energy drinking water
supply in an emergency situation.
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