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As UV treatment requires the use of energy, the best practice approach for UV disinfection of
wastewater is to use dynamic dosing which adapts depending on the characteristics of the
effluent such as total suspended solids (including metals) and turbidity, thereby continuously
providing a sufficient dose while minimising energy requirements. This is controlled by an
energy management system.

The UV treatment system proposed will be designed and operated to achieve 20,000 E
Coli/100mi or less, with an average concentration in the order of 5,000- 6,000 E coli/100ml in
the final effluent.. At this concentration, there will be no impact on the designated shellfish
water. The inclusion of the proposed UV treatment system at the wastewater treatment plant
will provide a combined 99.9% E Coli reduction across the entire plant.

These UV systems are designed specifically for each plant to achieve a reduction in the E Coli
levels which is appropriate to

. the designation of the waters e.g. bathing / shellfish

. the distance of the discharge from the designated waters,
. the local current and tidal system

] the flow discharged from the WWTP.

Some concerns have been raised about the appropriateness of UV treatment, which | will now
address.

Photoreactivation is the process whereby bacteria recover after being inactivated by UV light
in the presence of daylight. The use of medium pressure UV treatment reduces the ability of
bacteria to photoreactivate compared to low pressure systems. Appendix 3 provides an
evaluation of low pressure and medium pressure UV systems and confirms that the use of
medium pressure UV systems is more effective at reducing the ability of bacteria to
photoreactivate.

Irish Water will install a medium pressure UV system to control photoreactivation.
Furthermore photoreactivation requires the final effluent to be exposed to daylight. At the
proposed wastewater treatment plant, the final effluent will not be exposed to daylight for about
4 hours after the UV treatment due to the length of the proposed outfall pipe. Therefore
further preventing the photoreactivation process.

Preventative Maintenance: The UV system will include automatic cleaning as well as
additional stand-by units to facilitate continued operation during maintenance. Instruments
will be installed to continuously monitor the UV dose being applied in accordance with
performance requirements. This will facilitate additional cleaning or bulb replacement as
required. In addition, regular inspections of the UV system will be completed.

Total Suspended Solids

The UV treatment system will achieve the required performance reduction in E Coli at the
design emission level value (ELV) for total suspended solids (TSS). The TSS ELV is
anticipated to be 35mg/l as set out in the Urban Wastewater Treatment Directive or lower as
directed by the Environmental Protection Agency in the wastewater discharge licence.




Appendix 1: WWTP’s with UV treatment systems installed

Agglomeration Code Agglomeration Name
D0014-01 Sligo

D0021-01 Malahide
D0023-01 Balbriggan
D0024-01 Swords

D0030-01 Wexford town
D0034-01 Ringsend
D0040-01 Tralee

D0055-01 Westport

D0056-01 Midleton

D0113-01 Carndonagh/Malin
D0114-01 Portrane/Donabate
D0132-01 Kinsale

D0168-01 Bantry

D0186-01 Ballyheigue
D0198-01 Clifden

D0285-01 Sneem

D0287-01 Waterville
D0296-01 Baltimore
D0444-01 Churchtown and Environs
D0459-01 Ballylongford
D0511-01 Achill Sound
D0541-01 Belgooly

D0024-01 Swords

D0074-1 Belmullet
D0170-01 Dunmore East
D0130-01 Bundoran

D0139-01 Youghal




Month Day Flowm3/day E Coli cfu/100ml

Contractual ELV for E Coli N/A
02 25191 12540

04 25965 20640

Jan'l7 16 25327 13590
22 24033 36540

25 24468 2560
01 29647 155310

Feb'17 06 29034 100

20 26036 310

01 35043 30760

Mar'17 14 30046 1350
20 29744 51720

29 29194 36540
Apr'l? 03 27782 198630
01 23008 3550

03 23317 13330

May'17 08 23304 1750
17 26392 32230

24 24740 29240
05 32579 240000
June'l? 07 30163 240000
12 31040 14140

04 25720 8820

— 23726 11870
20 28654 3930

28 23828 6020

02 23288 3890
Aug'l? 16 29957 129970
23 26276 3790

06 24890 200

Sept'17 13 33562 5830
20 24700 9880

27 25853 25950

04 24434 3360

Oct'17 11 29964 4650
18 26610 48840

01 26636 5120

I 27465 15000
22 47892 10540

29 33921 10950

06 27602 9340

Dec'17 13 37318 4960

20 30133 520
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Photoreactivation of Escherichia coli after inactivation by a low-pressure (LP) UV lamp (254 nm), by a
medium-pressure (MP) UV lamp (220 to 580 nm), or by a filtered medium-pressure (MPF) UV lamp (300 to
580 nm) was investigated. An endonuclease sensitive site (ESS) assay was used to determine the number of
UV-induced pyrimidine dimers in the genomic DNA of E. coli, while a conventional cultivation assay was used
to investigate the colony-forming ability (CFA) of E. coli. In photoreactivation experiments, more than 80% of
the pyrimidine dimers induced by LP or MPF UV irradiation were repaired, while almost no repair of dimers
was observed after MP UV exposure. The CFA ratios of E. coli recovered so that they were equivalent to 0.9-,
2.3-, and 1.7-log inactivation after 3-log inactivation by LP, MP, and MPF UV irradiation, respectively.
Photorepair treatment of DNA in vitro suggested that among the MP UV emissions, wavelengths of 220 to 300
nm reduced the subsequent photorepair of ESS, possibly by causing a disorder in endogenous photolyase, an
enzyme specific for photoreactivation. On the other hand, the MP UV irradiation at wavelengths between 300
and 580 nm was observed to play an important role in reducing the subsequent recovery of CFA by inducing
damage other than damage to pyrimidine dimers. Therefore, it was found that inactivating light at a broad

range of wavelengths effectively reduced subsequent photoreactivation, which could be an advantage that MP
UV irradiation has over conventional LP UV irradiation.

UV irradiation is one of the effective treatments used for
disinfection. The numbers of water and wastewater treatment
plants equipped with UV disinfection systems have been in-
creasing in the past few decades in many countries, because
such a system is easy to maintain, needs no chemical input, and
produces no hazardous by-products (21). The ability of UV
light to inactivate microorganisms (in other words, the sensi-
tivity of microorganisms to UV light) is known to differ from
organism to organism (1, 14, 25). Many researchers have
pointed out that parasites such as Cryptosporidium and Giardia,
the most problematic waterborne pathogens, can be inacti-
vated effectively by UV irradiation (1, 2, 5, 6, 7, 15). This
should be a great advantage of UV disinfection systems, be-
cause such parasites are known to be highly resistant to con-
ventional chemical disinfectants, such as chlorine.

The mechanisms by which UV light inactivates microorgan-
isms are different at different wavelengths (14). The germicidal
effect of short-wavelength UV light (UV-C and UV-B; 220 to
320 nm) is mainly due to the formation of cis-syn cyclobutane
pyrimidine dimers in the genome DNA of the organisms, while
(6-4) photoproducts and other photoproducts are also pro-
duced at lower ratios (4, 14). The lesions inhibit the normal
replication of the genome and result in inactivation of the
microorganisms. Besides genomes, proteins and enzymes with
unsaturated bonds are known to absorb UV-C and UV-B,
which may also result in significant damage to the organisms
(17). On the other hand, long-wavelength UV light (UV-A;
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320 to 400 nm) is known to damage organisms mainly by
exciting photosensitive molecules inside the cell to produce
active species such as O,"~, H,0,, and "OH, which damage
the genome and other intracellular molecules and cause lethal
and sublethal effects, such as mutations and growth delay (8,
16, 22, 23, 24).

Some organisms are known to possess mechanisms to repair
UV-damaged DNA. Photoreactivation is one DNA repair
mechanism, while other mechanisms are commonly referred to
as dark repair in contrast to photoreactivation (11). Special
attention has been paid to photoreactivation because it may
greatly impair the efficacy of UV disinfection within a few
hours after treatment. Photoreactivation is the phenomenon
by which UV-inactivated organisms regain their activity via
photorepair of UV-induced lesions in the DNA by utilizing the
energy of near-UV light (310 to 480 nm) and an enzyme,
photolyase (11, 14). Therefore, UV-A is essential for photore-
activation, although it also has lethal and sublethal effects on
organisms, as mentioned above. Jagger called this phenome-
non concomitant photoreactivation because the inactivating
light itself has the potential to photorepair the dimers (16).
The ability to perform photoreactivation differs from species to
species, and most strains of Escherichia coli, the indicator bac-
terium used in water quality control, are known to be capable
of photoreactivation. The photolyase of E. coli is basically
specific for repair of pyrimidine dimers, while some organisms
were recently found to have a photoreactivating enzyme spe-
cific for (6-4) photoproducts (19, 27, 28). The diversity and
distribution of photolyase are still controversial issues, and it is
therefore important to investigate the photoreactivation ability
of key microorganisms, such as indicator bacteria. Moreover,
quantitative determination of photoreactivation is essential in
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FIG. 1. Gel images for ESS assays of E. coli during exposure to LP, MP, or MPF UV lamps. (A) Exposure to LP UV. Lanes 1 and 2, standard
markers; lane 3, no UV; lanes 4 to 6, UV doses of 1.9, 3.8, and 5.7 mJ - cm ™2, respectively. (B) Exposure to MP UV. Lanes 1 and 6, standard
marker; lane 2, no UV; lanes 3 to 5, UV doses of 2.1, 4.2, and 6.3 mJ - cm™?, respectively. (C) Exposure to MPF UV. Lane 1, standard marker;
lane 2, no UV; lanes 3 to 5, UV doses of 1.8, 3.6, and 5.4 mJ - cm™?, respectively.

resulted in fragmentation of DNA into shorter molecules. Fig-
ure 1 was analyzed to obtain Fig. 2, which shows profiles of the
numbers of ESS in E. coli during exposure to LP, MP, or MPF
UV. As shown in this figure, the number of ESS induced by
UV irradiation increased along with the increase in UV doses
from each lamp. Figure 3 shows the ratio of CFA during
exposure of E. coli to LP, MP, or MPF UV. The CFA ratio
decreased log linearly with increasing UV doses for all lamps.
There was no clear difference among LP UV irradiation, MP
UV irradiation, and MPF UV irradiation in terms of the ESS
and CFA profiles for UV doses during inactivation procedures,
as shown in Fig. 2 and 3.

Figure 4 shows the relationships between the number of ESS
and the CFA ratio during exposure to LP, MP, or MPF UV.
The CFA ratio showed a log-linear relationship with the num-
ber of ESS for each type of lamp, while the ESS-CFA rela-
tionships did not differ significantly among LP UV exposure,
MP UV exposure, and MPF UV exposure.
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FIG. 2. Numbers of ESS in E. coli after exposure to an LP UV
lamp (4), an MP UV lamp (A), or an MPF UV lamp (O). The data
are the results of five independent exposures to each type of lamp

Photoreactivation after LP, MP, or MPF UV inactivation.
Figure 5 shows typical gel images of ESS assay mixtures for E.
colf during fluorescent light exposure after LP, MP, or MPF
UV exposure, which were analyzed to determine the ESS re-
maining ratio, as shown in Fig. 6. The ESS induced by LP and
MPF UV irradiation were gradually repaired during fluores-
cent light exposure; on average, 84 and 83% of the total ESS
were repaired in 3 h, respectively. On the other hand, almost
no ESS were repaired by fluorescent light exposure after MP
UV irradiation.

Figure 7 shows the results of photorepair treatment in vivo,
in vitro with intact photolyase, and in vitro with MP UV-
exposed photolyase. This figure shows that MP UV-induced
ESS in E. coli were photorepaired in vitro with either intact or
MP UV-exposed photolyase, suggesting that no repair of ESS
in vivo was caused by a disorder with the endogenous photol-
yase of MP UV-irradiated E. coll.

Figure 8 shows the profiles of the CFA ratio of E. coli during
fluorescent light exposure after LP, MP, or MPF UV inactiva-
tion. After 3-log inactivation by exposure to LP and MPF UV,

1 A
0.1 ? Ba
2 0.01 g
3 0.001 - g
= 0.0001 r °o a
O 0.00001 | n
0.000001 - —
0 2 4 6 8 10
UV dose (mJ+-cm™)

FIG. 3. CFA ratios for E. coli after exposure to an LP UV lamp
(#), an MP UV lamp (A), or an MPF UV lamp (O). The data are the
results of five independent exposures to each type of lamp,
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FI1G. 7. Photorepair of ESS in vivo (M), in vitro with intact photolyase ((J), or in vitro with MP-exposed photolyase (&) after MP inactivation.
Lane 1, standard marker; lane 2, no UV; lane 3, MP UV dose of 6.3 mJ - cm™%; lane 4, MP UV dose of 6.3 mJ - em™2, followed by photorepair
in vivo; lanes 5 and 6, MP UV dose of 6.3 mJ - cm ™2, followed by photorepair in vitro with intact photolyase (lane 5) or with MP-exposed photolyase
(lane 6). For photorepair in vivo, MP UV-irradiated E. coli was subsequently exposed to fluorescent light. For photorepair in vitro, DNA of MP
UV-irradiated E. coli was exposed to fluorescent light in vitro with intact or MP UV-exposed photolyase. The symbols indicate the means from
two or Lhree independent experiments, and the bars indicate the maximum and minimum values.

The ratio of CFA showed log-linear relationships with the
number of ESS during exposure to LP, MP, or MPF UV, while
the ESS-CFA relationships were not clearly different for the
three types of lamps. This suggests that the numbers of ESS
necessary to decrease the CFA of E. coli are not significantly
different for inactivation with the different wavelengths (254,
220 to 580, and 300 to 580 nm). This may imply that the
culturability of E. coli is regulated mostly by pyrimidine dimers
and is not greatly affected by other damage during inactivation.

Figure 7 shows that even ESS in MP UV-irradiated E. coli,
which were not repaired by exposure to fluorescent light in
vivo, were photorepaired in vitro with either intact or MP
UV-exposed photolyase. This suggests that the MP UV-in-
duced pyrimidine dimers were not structurally different from
other photorepairable dimers and that the failure to repair MP
UV-induced ESS in vivo was caused by a disorder with the

0.1
= 001
=
= 0.001
]
0.0001
0 60 120 180

Fluorescent light exposure time (min)

FIG. 8. CFA ratios after exposure to fluorescent light after LP UV
(#), MP UV (4), or MPF UV (O) inactivation. The symbols indicate
the means from two or three independent experiments, and the bars
indicate the maximum and minimum values.

endogenous photolyase in £. coli. Moreover, even MP UV-
exposed photolyase could repair ESS in vitro, indicating that
the photolyase itself was not inactivated by MP UV irradiation.
It was therefore assumed that MP UV irradiation did not affect
the activity of endogenous photolyase but reduced the amount
of photolyase in E. coli, possibly by affecting regulation of the
photolyase gene to lower expression. The failure in ESS repair
was not observed after MPF UV treatment; it was observed
only after MP UV treatment. This suggests that the disorder of
photolyase was caused by wavelengths between 220 and 300
nm, although it is possible that the difference in irradiance
between MP UV and MPF UV affected this phenomenon. The
detailed mechanisms of exposure to MP UV that reduce the
repair of ESS may be an interesting subject for further inves-
tigation. The results of photorepair treatment in vitro sug-
gested that the MP UV lamp was effective at reducing the
subsequent photorepair of pyrimidine dimers at the enzyme
level.

Table 1 and Fig. 9 show that both the repair of ESS and the
recovery of CFA were observed after exposure to LP or MPF
UV, while neither was apparently observed after exposure to
MP UV irradiation. Table 1 and Fig. 9 also indicate that MPF

TABLE 1. Photoreactivation characteristics of E. coli after LP,
MP, or MPF UV inactivation

Repaired ESS Repaired CFA® Final inactivation

Irradiation (%) (10g,0) of CFA? (logy)
LP UV 84.2 (72.6-94.8)° 2.09 (2.00-2.18) 0.92 (0.83-1.02)
MP UV <0 (<0-3.2) 0.61 (0.53-0.83) 2.29 (2.07-2.51)
MPF UV 83.1(75.1-93.1) 1.02 (0.95-1.38) 1.70 (1.67-1.73)

“ Log (CFA ratio after photoreactivation) — log (CFA ratio before pholore-
activation).

® —Log (CFA ratio after photoreactivation).

“ Mean based on two or three independent experiments. The values in paren-
theses are minimum and maximum values.
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