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- ABSTRAK

Ketersauran penggunaan proses ultra-penurasan uniuk merawat
air bawah tanah telah dikaji, Dalam kajian ini, air yang terudara
dan tidak terudara diultraturas dengan sebuah unit membran
Memtec. Ultraturasan yang diperolehi dari asr yang terudara mem-
punyai kualiti yang setaraf dengan piawai air minuman WHO.
Fluks ultrapenurasan adalah di antara 45 — 60%/m?. j dan 60 —
80% /m?. j. bila pengoperasian masing-masing dibuat pada tekanan
35 dan 70 kPa. Satu sistem baru perawatan asr bawah tanah telah
disarankan. Dalam sistem ini salaput atau membran ultrapenurasan
digunakan untuk memisahkan pepejal dari air yang telah diudara-
kan.

ABSTRACT

The feasibility of using ultrafiltration processes to treat ground
water was shown in a study where aerated and unaerated water
was ultrafiltered using a Memtec membrane cartridge. Permeate
from aerated samples produced water of a quality within WHO
drinking water standard. Ultrafiltration flux was at a reasonable
level of 45 — 60%/m?*. h. and 60 — 80%/m? . h. when pressures
were at 35 and 70 kPa respectively. A new ground water treatment
system was proposed where ultrafiltration membranes were em-
ployed to separate the solids from water after aeration.

INTRODUCTION

Ground water supply is abundant. In Malaysia it is available
everywhere in urban and rural settlements. Sometimes one has
only to dig a 3 m well and water can be obtained continuously,
Well water is in fact the main water supply for the Malaysian rural
population. The ground water, is mainly consumed untreated,
regardless of its quality which varies with location. In some places
the water can be consumed directly, whereas in other places, the
water may be unfit for consumption.,

With proper treatment, ground water can supply the water
requirement of a settlement. Conventional treatment system in-
clude operations such as aeration, flocculation, sand filtration

Nevertheless, the ability of ultrafiltratioh membranes to reject
all submicron particles and high molecular weight compounds
cannot be ignored in the synthesis of future water treatment
systems. Furthermore, it is a low pressure diven separation process
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(normally less than 250 kPa) and no chemical additions necessary.
Thus in order to obtain an ultra pure water from ground
water, a system employing ultrafiltration may offer a competitive
alternative. With this in view, the author embarked on the study to
examine the feasibility of using ultrafiltration to produce water
of drinking standard from ground water.

EXPERIMENTATION

The schematic diagram of a prototype experimental system is
shown in Figure 1. It consists of a 0.3 x 1.0 m perspex holding
tank and an ultrafiltration (UF)catridge.
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FIGURE 1. Schematic diagram of ground water treatment
employing ultrafiltration,

A Memtec membrane cartridge was used. It is a ‘capillary’ type
of module with flat sheet membranes arranged adjacent to each
other. ‘Sponge’ polymide membrane was used with the ‘skin’
facing the water. The cffective filtration area of the cartridge was
1.0 m2. Its flux with distilled water were 100 1/m? . h. and
60 1/m? . h at pressure 70 kPa and 35 kPa respectively.

Fresh ground water was run into the perspex tank from
which it was circulated through the UF cartridge. Pressure dif-
ferential across the membranes was achieved by throttling the
flow. A by-pass was provided so that flow through the UF modulo
could be controlled.

Ultrafiltration experiments were conducted for unaerated
(direct- ultrafiltration) and aerated water. Aeration was accom-
plished by air diffusers in the perspex tank. Water quality para-
mecters shown in Table 1 were obtained for fresh ground water,
ultrafiltrate of the aerated and unaerated samples. The water
quality was compared with tap water and World Health Organi-
sation (WHO) standard for drinking water. Most of the analyses
were done by portable ‘Hack Direct - Reading Engineering Labora-
tory’ equipment, except Chemical Oxygen (COD). This made it
possible to have the experiments conducted in the field with the
parameters analysed in-situ. The test location was in a rural village
in Bangi, Selangor. Water from an existing well of about 6 m deep
was used. The water table in the area was about 1.0 m from

ground surface.



TABLE 1. Water Quality

Parameter Unit WHO Tap Direct—UF, 35 kPa Direct—UF, 70 kPa Aeration—UF, 70 kPa
Sd. Waler pw TW %R RW TW %R RW TW %R

Temperature °c 25 27 27 28 - 26 26 - 27 28 -
Colour Pt—Co 5 0 183 0 100 190 ¢ 100 210 0 100
Turbidity NTU 5 0 50 0 100 40 0 100 48 0 100
Total Solid mg/1 500 127 560 NA NA 600 NA NA 556 118 79
rH ~ 7-85 74 587 59 IN 5.5 59 IN 5.8 7.2 IN
Conductivity mhofcm 400 88 145 140 34 220 210 4.5 170 118 34
Alklinity mg/1 CaCO4 30-500 44 85 83 23 74 70 54 76 58 24
Hardness " 80 31 62 59 48 100 80 20 72 66 8
Free acid E 0 0 0 0 0 0 0 0 0 0 0
Calkcium 2 250--350 22 48 44 83 74 66 10 55 ‘52 d
Sulphate mg/1 200 6.2 5.1 36 29 2.1 1.8 14 38 20 47
Chloride L 200 8 11 11 1} 14 14 0 12 10 17
Nitrate % 45 9.2 16.6 169 I 11.0 10.6 36 14.1 115 18
NH;-~Nitrogen " 0.6 0.7 09 09 0 10 09 10 0.9 06 33
Silica " 20 58 26 30 I 50 5.1 1 4.6 52 2
Free C1 L (1] 0 0 0 0 0 0 0 0 0 0
Dissolved O, . 5 2 1.0 10 0 1.0 10 0 1.0 50 IN
COoD ¥ 10 LOW NA NA NA 7.74 NA NA 7.04 Low -
Copper w 0.05 0.09 0.34 0.30 11 035 0.26 26 0.32 005 84
Total Iron " 0.3 003 62 56 9 6.5 53 18 56 002 99
Manganese " 0.1 020 0.1 0.1 0 0.2 02 (1} 02 . 007 65
Phosphorous = 1.0 0.10 0.1 0.1 0 0.1 0.1 0 0.2 0.1 50
Dissolved CO, " 0 0 58 43 26 59 30 49 50 4 92
Chromium " 005 002 001 001 O 0.02 002 0 0.02 001 50
Fluoride " 1.5 0.6 0.7 0.7 0 1.0 09 10 0.8 0.8 0
Key:

NA = Not Available 1 = Invalid IN = Increase

RW = Raw Water Quality TW = Treated Water Quality =~ %R = % Rejection
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Ultrafiltration flux was simultanecusly recorded for all ex-
perimental runs. Thus flux decline behaviour could be studied -
For each run direct ultrafiltration of unaerated water was initially
done. Fresh and treated water were analysed and flux was mea-
sured. Aeration was then undertaken for about 2 hours and the
water was then ultrafiltrated for about 3 — 5 hours continuously.
Meanwhile, flux was measured at a specified intervals and the
permeate was analysed. The permeate was totally recycled back to
the tank. A quality study was done at a trans-membrane
pressure difference of 70 kPa. Flux was measured at pressure
differences of 70 and 35 kPa. All experimentation was conducted
at ambient an temperature of about 27°C,

Beside the main experimentation described above, other
supporting investigations were also carried out. These will appro-
priately appear in the result and discussion section.

RESULT AND DISCUSSION

Results of analysis of water quality parameters are tabulated
in Table 1. The table shows the quality of raw ground water,
ultrafiltrate of unaerated water at 35 and 70 kPa and ultrafiltrate
of aerated water at 70 kPa. For comparison, Malaysian tap water
quality and WHO drinking water standard (Rodier 1975) are also
shown.

TABLE 1. Water quality after sedimentation, filtration and ultra-filtration.

processes
Parameter Unit Sedimentation  Filtration Ultrafiltration
Temperature “€C 25 25 25
pH - 7.5 7.2 7.2
Turbidity NTU 120 10 0
Colour PCo . 425 45 0
Conductivity mho/cm 50 90 90
Total iron mg/1 0.14 0.08 0.02
Copper mg/1 0.06 0.06 0.05
Manganese mg/1 0.2 0.2 0.2

CO.

3 mg/1 6 4 4
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RAW WATER QUALITY

The following parameters exceeded the WHO standard: colour,
turbidity, total solids, ammonical-nitrogen (NHj;—N), copper
(Cu2*), iron (Fe2%) and dissolved carbon dioxide (CO,). The
excess values were quite significant. pH value and dissolved oxygen
(O2) content were low. All these factors made the water aesthe-
tically unacceptable and unpalatable. It was turbid and yellowish
brown in colour. It had a sour and somewhat metallic taste, The
variability of the parameter values from one measurement to
another was expected since the ground water quality was affected
by rain water seepage and other factors. However, as expected
the ground water at the test location was not fit for direct con-
sumption.

The CO; content of the water was consistently high. This
gas in water forms carbonic acid (H,CO,) which lowers the pH
of the water. This condition, even though possibly harmless to
huau.n health, enhances the dissolution of metallic ions (Fe=",
Cu?*, etc.) as bicarbonate compounds. This is consistent with the
high concentration of iron and copper in the water.

DIRECT ULTRAFILTRATION

Direct ultrafiltration of fresh ground water represents the simplest
possible treatment scheme using membranes. However, as the
results indicate, this scheme was not feasible since various para-
meters still did not fall within the WHO drinking water standard.
These parameters were NH, — nitrogen, copper and total iron. It
was expected that the concentration of these substances was not
reduced significantly since they most likely existed in ionic form
and would go through ultrafiltration membranes. pH value,
dissolved oxygen and carbon dioxide contents of unaerated
_water were also not satisfactory. Ultrafiltration operating pressure
gave little effect to the permeate quality. This was shown by the
similarity of the permeate quality for operations at 35 and 70 kPa.

EFFECT OF AERATION

The ground water was aerated for two hours before ultrafiltration
was commenced. The choice of the duration was based on ex-
perimental results showing that after two hours of aeration, pre-
cipitation process of metallic components in the water has
attained equilibrium.

Preaerating the ground water before ultrafiltration significant-
ly improved the treated water quality. As the results in Table 1
indicate, the permeate was of a quality within the WHO standard,
with the possible exception of the dissolved carbon dioxide
content. Excess carbon dioxide could be removed by further
aeration or neutralisation.

Total removal of turbidity was expected since the membranes
should be able to stop all submicron particles. The treated water
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was expected to be free of bacteria. This has been experimentally
proven by the study of ultrafiltration of river water (Suwandi et
. al. 1982). Practically, the problem is. to maintain the water at a

bacteria-free state. Chlorination, which is done in the conventional
water treatment system, will solve this problem. In fact, only
minimal chlorination is needed here since the concentration
required is just to maintain the water at sanitary level not to
disinfect the water from its raw state.

The metallic contaminants, especially total iron content, were
significantly reduced. The water was heavily contaminated by iron
compounds which probably existed as soluble Fe (HCO, ),. When
the water was aerated, Fe (HCO,), was oxidized to insoluble
Fe(OH),.

4‘Ff(HC03)2 + 02 + 2H20 -> 4FC(OH)3 + 8C02

Fe(OH), was precipitated and thus easily separated. The
iron content was reduced by 99% from 5.2 to 0.02 mg/1. Reduc-
tion in copper and manganese compounds were similarly effected.

The permeate was clear and free of colour. The colour of
the untreated water was most probably due to fine suspension
of insoluble material including precipitate of Fe(OH);. This was
shown by the fact that the intensity of the yellowish brown
colour was observed to increase with exposure to air. Other
sources of colour must be due to high molecular weight
substances, since they were removed completely by the mem-
branes.

Understandably, aeration has also increased the dissolved
oxygen content of water to WHO standard. This level of oxygen
is necessary to make the water more palatable. Simultaneously,
the pH was also increased to the standard level and the carbon
dioxide content significantly lowered.

SUPERIORITY OF ULTRAFILTRATION

Ultrafiltration should be compared with slow sand filtration
as this is the common treatment method. How much ultra-
filtration contributed to raise the quality of water to WHO
standard was studied by comparing the performance of ultra-
filtration with other separation methods, namely gravity sedi-
mentation and ordinary filtration. In this experiment, samples of
aerated ground water were sedimented, filtered and ultrafiltered.
Sedimentation was effected for 24 hours and filtration pressure
was at 35 kPa. Both filtration and ultrafiltration were carried out
in a perspex cell having a capacity of 100 ml. The filter media
used was Whatman No. 1 filter paper.

Analyses of the water quality after each of the above processes
are shown in Table 2. It was noted that sedimentation was not
feasible without pre-flocculating the fine suspension of solids.
Filtration was also unable to stop these fines, as indicated by the
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cxistence of turbidity and colour in the filtrate, Ultrafiltration
has not only removed turbidity and colour completely, but has
also reduced total iron and copper content to an acceptable level.
It can also be stated that ultrafiltration will perform better than
sand filtration, the most common purification technique in water
treatment. Thus, by using ultrafiltration instead of filtration, at
least one unit operation, namely flocculation, can be eliminated
from the treatment system.

ULTRAFILTRATION FLUX

Ultrafiltration flux was measured 4 times at even intervals during
the period of actual operation of 3 — 5 hours. Data points plotted
on Figure 2 represent the average value of the flux measurements
for that particular run. The time axis represents the cummulative
number of hours of membrane usage. The membrane was never
washed during the entire experimentation period.
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FIGURE 2. Flux decline with time at pressures of 35 and 70 kPa.

Referring to Figure 2, it canm be noted that:

1.Flux was dependent on pressure. This observation is rea-
sonable since flux-pressure independent regime (or gel-polarised
condition) would not be attained at low pressures.

2. As expected, due to greater driving force, operation at 70
kPa (higher pressure) produced higher flux than operation at 35
kPa. Initial flux was greater by about 37%.

3. Flux decline was more severe for operation at higher pressure.

4. Generally, flux values between 50 — 80 1/m? .h. were accep-
table for practical operation. For comparison flux for ultra-
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filtration of wheat starch factory effluent is in the region of
20 — 50 1/m? .h. depending on operating conditions (Harris
1986).

COMPARISON WITH CONVENTIONAL TREATMENT SYSTEM

A typical conventional system to treat mildly polluted ground
water is shown in Figure 3A (Degremont 1979). It involves at least
3 major unit operations, namely aeration, flocculation and sand
filtration, plus chemical reagent addition for flocculation, pH
adjustment and disinfection (chlorination). Of course, if the water
is very hard, a lime soda softening process is necessary. A com-
parison of the conventional system with the proposed membrane
system is shown in Figure 3B. Two major unit operations, namely
flocculation and sand filtration, can be replaced by ultrafiltration
and thus the addition of flocculating agent will not be necessary.
pH adjustment may be unnecessary because, as indicated by the
ultrafiltrated water quality data shown in Table 1, the pH is at a
correct level of 7.2. Finally, as discussed earlier, only minimal
chlorination is necessary since the product water is actually free
from bacteria.

One of the major constraints to the practical use of the mem-
brane system appears to be the current high cost of membranes.

A. CONVENTIONAL SYSTEM
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FIGURE 3. System for Treatment of Ground Water.
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However, with the elimination of several conventional operations,
the proposcd scheme offers a competitive alternative. Fewer
operatlons will not only reduce capital cost, but it will also reduce
operation cost significantly. Expenditure on chemical reagent will
also be reduced. Furthermore, the overall quality of UF treated .
water is superior to water from conventional treatment. Zero
suspended solid content is assured with the membrane system.

Membrane researchers at the Department of Chemical and
Process Engineering, Universiti Kebangsaan Malaysia, are currently
working actively to produce a cheap local membrane system.

The proposed system has additional advantages, especially in
size. It is in fact possible to be made into a package plant. This will
create a possibility of providing treated water in remote areas
where a conventional water supply is not available. A portable
treatment package unit is also a distinct possibility.

CONCLUSIONS

The study reported in this paper has shown the feasibility of using
the ultrariltration process to produce drinkable quality water from
ground water. The water quality produced was within WHO
drinking water standard and possibly better than the local tap
water. The proposed treatment scheme is to couple an ultra-
filtration unit to a water aeration tank where solid-water separa-
tion is effected by membranes. The new system consists a fewer
unit operations than the conventional one and hence econo-
mically can offer a competitive new ground water treatment
system.
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