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Abstract

Background: The goal was to upgrade and/or uprate the traditional non-contact array by producing few modifications in
the configuration of this model in order to maximize light receiving of water from the UV lamp and a better disinfection.
Methods: An innovative non-contact model was made with a design based on irradiation of water, which was flowing as two
thin waterfalls around a UV lamp in order to have direct germicidal rays from all positions of the lamp. By this water circulating
and traditional water flow in an ordinary cana below the lamp, UV light would reach every drop of water effectively. Another
model which had been studied was a simple stair type design in which a bare lamp was fixed over the shiny stedl steps. Re-
sults of water disinfection in two flow rates of 12 and 24 L/min were compared with traditional design at exactly smilar conditions.
Results: Disinfection in this new model produced more reduction in fecal coliforms concentration than the traditional array
and the inactivation efficiency was specified to be 3.65 log reduction compared to 2.93 log, in the turbidity of 0.5 NTU. Be-
sides, this new model was quite capable in disinfection of water with high turbidities up to 20 NTU.

Conclusion: The reduction in disinfection efficiency at higher flow rates for new model was much less than traditional ar-
ray. Results of water disinfection in the simple stair type were not wonderful and even it was less satisfactory compared to

traditional model. The reason is that the flow of water was not set parallel to the length of the lamp.
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Introduction

Disinfection is the most significant barrier to the
transmission of waterborne diseases and thus it
is of great importance to the public health. There
are no exceptions to the requirement that al water
sources had to be disinfected (1). Water disin-
fection by chlorine has many advantages but the
facts that few parasitic cysts are highly resistant
tochlorine and formation of dangerous DBPs (dis-
infection byproducts) have resulted in develop-
ment of aternative disinfectants (2). In the case of
ozone which is highly effective againgt all types of
microorganisms, again toxic oxidations by prod-
ucts like bromates are formed in water. Besides,
complexity of ozonation system and high O/M
costshave resulted in limited use of ozone (2, 3).
Ultraviolet (UV) light has been used for many
decades in disinfection of drinking water supplies
worldwide. In North America, the use of UV was

more widespread for wastewater disinfection in
the last quarter-century, and only more recently
has UV been conddered for drinking water dis-
infection (4, 5). New researches have demonstrated
that UV disinfection is capable of cost-effectively
inactivating Giardia and Cryptosporidium oo-
cysts (6, 7). Concurrently, new research has
shown that much higher UV doses are needed
for inactivation of adenovirus compared to other
microbes (1, 8). However, the discovery of UV
inactivation of those pathogens that other disin-
fectants can not kill them at conventional doses,
pointstheway to aremarkable use of UV for drink-
ing water treatment and a number of facilities in-
cluding the largest water treatment plant in the
world in New York have sdected this technology
(9, 10).

UV reaction chambers may be designed in two dif-
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ferent arrays. non-contact and submerged (4, 10).
The non-contact array in which UV lamp is ori-
ented above the free surface of flowing water has
the advantage of smplicity of operation and main-
tenance. Besides, the costs of installation, opera-
tion and maintenance are much less than sub-
merged systems, mainly because there would be
no need to use expensive quartz deeves (10, 11).
In fact, this UV system is more favorable than all
other water disinfection systems in terms of cost,
labor and the need for trained personnel for op-
eration and maintenance, thus non-contact array
is more often adopted for water disinfection es-
pecially in developing countries (11). Compared
to submerged arrays, however the disinfection
efficiency is less and this drawback has confined
the use of this specia array for all communities
(11, 12).

The goal of our project was to upgrade and/or
uprate the traditional non-contact array by pro-
ducing few modifications in the configuration of
this modd in order to maximize light receiving of
water from the UV lamp and a better disinfection.

Materials and Methods

Water irradiation units

For this study, two independent non-contact units
had been designed for irradiation of water and
resultsof water disinfectionin these units have been
compared with traditional model of UV irradia-
tion which is approved by WHO (11, 12). In
traditional model as shown in Fig. 1, direct irra
diation of water by thelamp is possible from solely
an unimportant percentage of the lamp surface,
which is about 50%, and a definite distance of 4
cm is adjusted between the UV lamp and the bot-
tom of the underneath tray in which water can
flow. The depth of water flow in thistray is ad-
justed to be not more than 1 cm.

For this project, innovative models were designed
on the base of flowing water in a thin film stream
and recelving more direct light from the UV lamp.
In the first innovative modd as shown in Fig. 2,
water is flowed as two fals by overflowing water

from the upper tray of the unit. The lamp is placed
between these two fals and water isfinaly flowed
beneath the lamp. This apparatus is made from
polished stedd of 2 mm thickness and an duminum
reflector isaso used. Again, the water depth in the
lower tray is adjusted to be not more than 1 cm.
The UV lamp was installed beneath the upper
tray. The disinfection experimentsin this study had
been accomplished mainly at the distance of 3 cm
of the lamp from the water surface.

In the second unit of water disinfection as can be
seen in Fig. 3, water was flowed down on the
stairs, which had shiny surfaces, and aUV lamp
was just inserted nearest to the two sides of the
step. The width of this step was equal to the ef-
fective length of UV lamp which was about 85%
of the total lamp length (35 cm).

The two water flow rates selected for disinfection
testswere 0.2 and 0.4 L/s (12 and 24 L/min), thus
the contact time had been maintained in the range
recommended for UV irradiation (about 5 to 10
second for this study).

Specifications of UV lamps

The 50 cm long lamp used in disinfection units
was 25-Watt low-pressure (LP) mercury vapor
UV lamp, made by Osram Company. Table 1
shows the specifications of this lamp. It should be
explained that the new lamps had worked for their
burn-in period (100 h before starting the experi-
ments and at the beginning of each test, the lamps
had been used after 5 min which is the required
time for initial warming.

Characteristics of water samples

Water samples were dl gathered from the chanat
(subterranean canal) of Tehran University and the
required microbia population was supplied by
addition of 10 mL/L of typical primary waste-
water (after settling) to this water sample. In dis-
infection of water by UV light, the negative im-
pacts of turbidity and iron in the water quality
matrix were well documented and so these inter-
fering parameters plus the value of UV trans-
mittance (UVT of water) was being checked for
all water samples (Table 2). Measuring UVT is
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important, since this parameter shows the overall
negativeimpacts of suspended and dissolved solids
of awater sample, and in fact the UV demand of
water is depended to the value of itsUVT (4).

Disinfection tests and analyses

Fecal coliform is widely preferred as an index of
fecal contamination of drinking water. Thus, it
has been used as an indicator of UV disinfection
effectiveness. For this project, numeration of these
coliforms in water samples leaving the disinfec-
tion units has been accomplished by membrane
filtration method (13).

The effectiveness of disinfection has been deter-
mined by Chick-Watson relationship (14):

Log N/No=- kIt (Equation 1)

Where Ny is the concentration of viable micro-
organisms before disinfection, N is the concen-
tration after disinfection and N/Ng issurvived rétio.
The UV radiation intensity (I) is measured as
miliwatt per square centimeter and the UV dose
(intensityxtime) in mWs/cm?. The range of UV
dose for drinking water disinfection should be
between 16-40 mWs/cm? and the exact amount
is depended on the amount of UVT of water. Ac-
cording to equation 1, it should be noted that dis-
infectant doses equal to 99% inactivation (or 10%
survival) would cause two logarithms reduction
in the number of microorganisms.

Two synthetic turbid water samples having turbid-
ities of 10 and 20 NTU had been examined for
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disinfection inour UV models. Preparation of high
turbidity water samples for determination of maxi-
mum alowable turbidity level for disinfection in
each model had been accomplished by mixing
definite amounts of hydrazine sulphate and hexa
methylen amin as described in Standard Methods
(13). All the disinfection tests have been repeated
twice and cd culations have been performed on the
geometric mean values.

Results

Results of water samples analyses for the main
physicochemical parameters, which could affect
disinfection efficiency, can be seenin Table 2. The
temperatureof water at the time of disinfection tests
had been about 23 °C. Although electro conduc-
tivity of water samples were relatively high, total
Fe concentrations of water samples were less than
1 mg/L, so could not affect UV disinfection proc-
ess (6).

Comparisons between colony counts of feca
coliforms remained &fter irradiation in UV disn-
fection units and equivalent log removals in
both flows of 0.2 and 0.4 L/s are shown in Fig.
4 and 5. As can be seen, logarithmic scale was
used for better demonstrating colony counts of
feca coliforms. Findly, Fig. 6 shows the removal
of fecal coliforms by UV irradiation in the wa-
terfall model as afunction of water turbidity.

biologically
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Fig. 1: Simplified schematic of the traditional non-contact model for UV disinfection of water
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Fig. 2: Waterfall model designed for UV disinfection with lamp outside the water (A lamp isinserted beneath the above
tray between two falls)
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Fig. 3: Stair type model designed for UV disinfection with lamp outside the water
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Fig. 4: Effect of irradiation of water samples in three non-contact models on survival of fecal coliformsin different water
flows (0.2 and 0.4 L/s)
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Fig. 5: Comparison between log removals of fecal coliforms after water disinfection in three non-contact models of
irradiation by UV lamp [(@) for flow of 0.2 L/sand (b) for flow of 0.4 L/g]
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Fig. 6: Log removals of fecal coliforms obtained by disinfection of water samples with different turbiditiesin two
innovative non-contact models of UV irradiation in the flow rate of 0.2 L/s[(a) Waterfall model (b) Stair type model]

Table 1: Specifications of low pressure UV lamp*

Lamp tvoe Main voltages ~ Wattage Nominal UVA radiation Total length  Usable length  Total width
pLyp V) (W) current (A)  power 254nm (W) (mm) (mm) (mm)
Osram-HNS 25
230 25 0.6 6.9 436 351 255
W OFR

* Data taken from Osram Co.
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Table 2: Qualitative characteristics of water samples of
subterranean canal of Tehran University

arameters Total Fe ps/cm  Turbidity UVT
sample (mglL) (EC)  (NTU) (%)

1 0.43 935 0.5 97
2 0.57 1067 0.5 99
3 0.49 993 0.5 99
Discussion

Non-contact array of water irradiation by UV is
a common mode for water disinfection in many
developing countries. Although thisdesign (Fig. 1)
has the advantages of smplicity and low cost over
the submerged arrays, the lesser disinfection &f-
ficiency is said to be a disadvantage. As reported
by WHO, the maximum water flow which could
be disinfected by thismodd is 30 liters per minute
when a single 40 Watt LP lamp is used and the
inactivation efficiency obtained is reported to be
about 2 log removal of fecal coliforms whichis
normally sufficient when groundwaters with low
microbiological counts are tregted. In the present
research, 25 W lamp was used in this model
and innovative units. The length of thislamp is
about half the length of 40W lamp, thus disin-
fection systemsinstalled for thiswork were less
bulky, and it was possible to place them side by
sidein the laboratory for a better comparison.

Although the lamp used was shorter in length, di-
rect irradiation of water in two innovative mod-
els had been accomplished by more than 50%
of thetota surface of the lamp. Thisview ismore
apparent in waterfall model (Fig. 2) since each
molecule of water treated in this model may re-
ceive direct irradiation from about three forth
(75%) of the lamp surface. Moreover, the water
had flowed astwo thinfilm falls(with about 1 mm
thickness), thus the effect of irradiation could be
increased eveninlow contact time. Increased re-
celving of direct irradiation from the lamp had
resulted in much better disinfection of water in
this special model compared to traditional non-
contact array and this superiority iswell described
inFig. 5. Asshown, theinactivation efficiency was

specified to be 3.65 log removal compared to
2.93 log removal of fecd coliforms achievablein
traditional model at asimilar turbidity of 0.5 NTU.
Furthermore, as shown in Fig. 6(a), our system
was quite capable in good disinfection of high
turbid waters (with 20 NTU turbidity), whereas
the maximum turbidity of water which has been
claimed to be safe for agood disinfection in tra-
ditional model is less than 10 NTU. Indeed, the
disinfection efficiency obtained for treatment of
20 NTU water in waterfall model was excellent
(99.91% or 3 log fecad coliforms reduction). The
equivalent UVT of this turbid water was 85%.
It is important to remember that not only sus-
pended solids but also some dissolved solids
may reduce the UVT of water and interfere with
UV disinfection. For this reason, groundwaters
having high concentrations of iron would not be
well disinfected in traditional modd just like sur-
face waters which are turbid. It is also notewor-
thy to say that as shown in Fig. 6(a), the reduc-
tion in disinfection efficiency of water for our
model was less than that occurred in traditional
system when the rate of water flow had been
doubled. This means that disnfection of higher
flows of water in waterfal model is feasible. Note
that disinfection efficiencies obtained in flow rates
of 0.2 and 0.4 L/s were 99.97% and 99.96% for
waterfall model and 99.6% and 99.4% for
traditional model. In other words, obtaining 3log
disinfection was still possible by this new model.

In the case of stair type model (Fig. 3), the ob-
jective was again designing a disinfection unit
by which receiving more than 50% of direct ir-
radiation from the lamp could become possible.
This model was designed similar to ssmple thin-
film air-water contactors which are available in
many water treatment plants for water aeration.
In fact, by inserting a UV lamp over these stairs,
we intended to provide both advantages of dis-
infection and aeration of water in a single unit.
Neverthdess, the efficiency of this modd in water
disinfection was not very well and the maximum
fecal coliforms removal as shown in Fig. 5 was
97.66% (about 1.6 log removal) which isless than
traditiona array, so this model should not be ac-
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cepted as the main barrier for control of micro-
organisms in acommunity. The explanation is that
in contrast to traditional array, the lamp in stair
type model was not paralé to the flow of water.

Waterfall Model Compared to Other Water
Disinfection Techniques

Since it was determined that UV treatment can
provide an effective barrier to al types of pa
thogenic microorganisms, it has been targeted by
many communities for drinking water disinfec-
tion. Limited studies however have been con-
ducted for designing better irradiation chambers.
We should refer to the most out-standing trial
which is belonged to Atlantium Co. In 2005, this
Israeli company developed an entirely new tech-
nology for non-contact irradiation of water by
UV lamps. It used a big quartz tube as the main
UV reactor and bombards the flowing water with
homogenous dosages of radiation from medium
pressure-high intensity UV lamps that were in-
stalled outside the water. According to Atlantium
engineers, this system was able to inactivate wa
terborne organisms four order of magnitude more
effectively than other existing systems and this
superiority was combined with the ability to dis-
infect about 3300 L/min while consuming only
2.5 kW/h (15). Although this unique configuration
which is cdled hydro-optic disinfection (HOD)
could be considered even more efficient than a
few submerged arrays, it may not be regarded
as a suitable choice for devel oping countries be-
cause in comparison to less efficient traditional
non-contact array it seems sophiticated. In fact,
traditional non-contact array of water irradiation
by LP lamps is very less efficient, but it has re-
mained the selected modd in devel oping countries,
because of itslow cost and simplicity.

This study indicates that waterfall model designed
as a modern non-contact array has also the be-
nefits of traditiona model, namely it requires little
space, little O/M and operator attention, and no
on-stestorage or use of potentialy harmful chemi-
cas compared with other disinfection technolo-
gies. Besides dthoughreatively moresophiticated

than traditional UV array it isrelatively easy to
install.

Concluding Remarks

The authors conclude and recommend the follow-
ing:

o Better results of water disinfection are expected
by use of our waterfall model even in cases of
increasing the turbidity and/or the UVT of water.
In other words, it obtains good disinfection even
for poor quality water sources.

o Better disinfection thantraditional array isalso ex-
pected in times of increasing the flow rate of water.
e Preliminary unit-cost estimates indicated that
water fal model is more expensive than the tradi-
tional array for initid instalation. However, pro-
gressis expected in andysis of costs for small sys-
tem applications.

Findly, we recommend our cost-effective solution
for supplying safe drinking water especially for
developing countries and we hope that the find-
ings of this study will encourage a variety of com-
munity systems to use or substitute their innova-
tive model in order to have a better disinfection of
water, since it proves to be more efficient than the
traditional array.
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