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ABSTRACT
Positive effects of UV-lamps on pool water quality, especially chloramines, are described. A
comparison is made with active charcoal filtration.

INTRODUCTION

Recent studies have focussed attention on “combined chlorine” in swimming pools, a common name
for mono-, di- and trichloramine.! Chloramines and trihalomethanes — with chloroform as the best
known compound in this group — are generally characterised as “disinfection by-products” because
they emerge as secondary pollutants out of the reaction between chlorine disinfectants and organic
pollutants in water.?

Chloramines are formed in water by reaction between nitrogen hydrocarbons , more especially
ammonia compounds like urea (NH,),CO and chlorine following reactions (1) — (5)

NH,+H,0 < H;O" + NH; (decomposition of urea from urine, sweat, etc.) ......... @
NH; + Cl, = NH,Cl  mMONOChIOraMINE .. ..vveeeeeeeee ettt 2
NH,CI +Cl, = NHCI,  dichlOramine ......oooeeeeeeeeee et 3
NHCL +Cl, = NCl; LU gTo 0] (o] =T 1 111 SRR (@)
NH,R+Cl, = NHRCI  alkylmonochloraming ... )

(< denotes a reversible (equilibrium) reaction; = denotes a forward reaction.)

More especially trichloramine (NCIs), formed in pool water at pH < 6, is very volatile and responsible
for a pungent, acid smell which is generally confused with a strong chlorine odour and which is the
main cause for eye irritation in covered swimming pools.®

Chloramines can either be prevented to form with

! The report of S. Carbonnelle, J.-P. Buchet, A. Bernard Evaluation des risques de la pollution atmosphérique urbaine chez
les enfants bruxellois. Application de marqueurs biologiques d’exposition et d effets précoces sur [’arbre respiratoire [Risc
evaluation of urban atmospheric pollution on children of the City of Brussels. Use of biological indicators and preliminary
effects on the respiratory chain] (2000) brought chloramines under great public attention. Following the publication,
swimming pools of the city of Brussels were temporarely closed to public.

Water quality guidelines of the Walloon and Brussels-Capital Region came into force shortly afterwards. Chloramines in
pool water (sum parameter, measured with DPD1 and DPD 3 reagent) were limited to resp. 0,3 and 0,5 mg/l with an upper
limit of 0,8 mg/l, which is well below the 1 mg/I standard of the Flemish Region. (compare with the German DIN 19 643
standard, 1997-edition of 0,2 mg/l 1)

2 Also called “secondary pollutants” because they are not present in the first stage of water pollution.

See Guidelines for safe recreational water environments, vol. 2: Swimming Pools and Similar Environments (WHO, 2006)
available at www.who.int

® The Brussels-Capital legislation (see note 1) also limits trichloramine in ambient air of covered swimming pools at 0,3
(recommended value) and 0,5 mg/m?® (upper limit). Further research by the Flemish Technology Center VITO showed that
the 0,5 mg/m?® limit was only surpassed in a very limited number of cases (3 times on 51), see J. Vankerkom et al. Onderzoek
naar de luchtkwaliteit in de Vlaamse zwembaden [Investigation of the air quality in Flemish swimming pools], VITO, 2004
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= CO; as pH-corrector, limiting the low pH needed for trichloramine formation;

= alternative disinfection products: bromine, ozone or chlorine dioxide (in pure form or as a
complex compound like HydroXan® *) all with a low chloramine forming potential.

Once formed, chloramines can be reduced with

= active 5charcoal in granular form in filters, in powder or as “hydroanthracite” in double-layer
filters)

= Dbreakpoint chlorination, with chlorine at least ten times above the chloramine concentration in
pool water.

As chloramines can hardly be found in open-air pools because of the almost immediate destruction by
incident sunlight, the idea grew years ago to use artificial sunlight as a chloramine reduction tool. The
“chloramine separator” of P. Kaas used ultraviolet and infrared light and was used with changing
success from the years 1975-80 on. The use of UV light was promoted as “best available technique” in
water treatment of swimming pools by the Flemish Technology Research Institute VITO.®

Recently, new UV-systems became available on the market using low or medium pressure UV-lamps.
Low pressure lamps contain mercury vapour at about 10° bar and emit monochromatic light of 254
nm while the medium pressure type operates at mercury vapour pressures of 0,1 — 10 bar and emits
polychromatic light, including the 254 nm wavelength. This is near the optimum wavelength of 245
nm at which monochloramine — the precursor of dichloramine and trichloramine — breaks down by
photochemical oxidation. Thus low pressure lamps focus on the breakdown of monochloramine, while
medium pressure lamps attack dichloramine and trichloramine.

The aim of this study was to investigate the breakdown of chloramines and other disinfection
byproducts (adsorbable organically bound halogens AOX and trihalomethanes THM) by UV.

TECHNIQUES AND METHODS

All test were performed in the instruction pool “Groenenhoek” (GHI) in Berchem, Antwerp’ with
following characteristics: 14 m x 9 m water surface, depth 0,6 — 0,8 m, total volume 88 m?, circulation
rate of 60 — 70 m*/h i.e. a turn-over of < 1,5 h which is well below the legal limit of <2 h.

Water purification system of the GHI swimming pool :

= double layer filter sand — hydroanthracite filter (according to the specifications of DIN 19 605,
DIN 19 623 and DIN 19 643)

= separate active charcoal filter, circulation rate of 15 m*h (about 25 % of the total circulation rate),
refilled in August 2006 with granulated activated carbon (Chemviron Carbon, Feluy, Belgium),’
August 2006;

= chemicals: pH-corrector (technical grade sulphuric acid - “battery acid” quality, d = 1,20 —1,25);
desinfectant (technical grade sodiumhypochlorite 130 g/kg) and coagulant (Riffi-Flock Super,
Rabbasol-Chemie, Solingen, Germany);

= DEPOLOX model 4 control unit Wallace & Tiernan® *° (Giinzburg, Germany) with pH-electrode
and a free chlorine membrane sensor and a separate total chlorine membrane sensor, all chlorine
sensors are potentiostatic 3-electrode amperometers.

* Tetrachlorodecaoxide anion liberating chlorinedioxide in water (ref www.wapotec.at)

® The capacity to remove chloramines is proportional to the internal surface of the microscopic pore structure reaching 1.000
m?/g or more for high quality active charcoal vs. 200 — 300 m?/g for hydroanthracite

® L. Van den Abeele et al. Beste Beschikbare Technieken (BBT) voor de Zwembaden — Eindrapport [Best Available
Techniques for Swimming Pools — Final report] (VITO, Mol, 2000)

" Municipal swimming pool “Groenenhoek”, Orpheusplein 1, B-2600 Berchem-Antwerp, building year 1973, renovation
2002-2003 according to specifications of the VLAREM-environmental legislation

8 since November 2003, unless otherwise specified

i Calgon Carbon Corporation, Pittsburgh, PA, USA

10 3 Siemens subsidiary
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UV-unit WEDECO (Herford, Germany), in operation September 2005 — March 2007, equipped
with 5 UV-lamps Spektrotherm type B 120 PE (low pressure mercury lamp with amalgam indium
dotation), each lamp with a total output of 170 W (63 W at 254 nm), UV-dose 600 J/m?. The
waterflow through the UV-unit: 60 - 70 m%/h;

Several water purification systems were in use since 2000: sand filtration, double layer sand-
hydroanthracite filters, active charcoal filters and UV lamps, see Table 1 for exact dates and
supplementary information. The abbreviations of the different water purification systems are used
throughout

Pool water analysis was performed

on daily basis with a portable Prominent Dulcotest® DT 1 photometer (Heidelberg, Germany)
using phenolred (pH) and DPD 1 and -3 tablets (free/total chlorine); photometer quality reagents
or equivalent from Lovibond-Tintometer, Dortmund, Germany). Pool water samples from the
outlet of the Depolox control unit, located in the technical compartment of the swimming pool,;
monthly by analysing all physico-chemical and bacteriological parameters required by the
environmental permit*! performed by the laboratory of the Provincial Institute of Hygiene (PIH),
Antwerp *? on samples from the swimming pool. It should be noted that these samples have a
slightly different composition of the daily water samples from the Depolox control unit!

Table 1 Water purification system of swimming pool Groenenhoek GHI (a)

Date Water purification Water Filtration UV-unit Abbreviations
Main filters Active charcoal used in figures

< June | Sand filtration Sand none none S

2002

30 Nov | Closed for renovation | Double layer sand + | granulated activated | none SHA

2003 June 2002 - Nov | hydroanthracite carbon

2003

14 Sept | Start-up of UV-test Double layer sand + | granulated activated | WEDECO | SHA-UV

2005 hydroanthracite carbon

18 Aug | Fresh water after | Double layer sand + | New active charcoal WEDECO | SHA*-UV1

2006 annual shut-down hydroanthracite

17 Nov | Tests without UV Double layer sand + | granulated activated | out of use | SHA*1

2006 hydroanthracite carbon

13  Dec | UV-test Double layer sand + | granulated activated | WEDECO | SHA*-UV2

2006 hydroanthracite carbon

27  Jan | Further tests without | Double layer sand + | granulated activated | out of use | SHA*2

2007 uv hydroanthracite carbon

12 Mar | Active charcoal filter | Double layer sand + | out of use WEDECO | SH-UV

2007 out of use hydroanthracite

() see text for details about the water purification systems

RESULTS AND DISCUSSION

1. Pool Attendance

Figure 1 gives the yearly mean of chloramine and urea content of pool water and of the attendance,
2000 — 2006. Data of 2002-03 were deleted because the swimming pool was closed for renovation
June 2002 — November 2003.

1 VLAREM Il legislation, art. 5.32.9.2.2 § 4 (Decree of 1 June 1995): pH*, free* and combined* chlorine, bicarbonate, urea,
chloride, organic matter (KMnQy,), temperature*, turbidity*, colony count, Stafylococcus and Pseudomonas; parameters * =

>3 controls / day
2pH, Kronenburgstraat 45, 2000 Antwerpen, BELAC accreditation n® 037 test.
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Although the attendance increased — 2006 was 25 % above 2000 ** - the main water quality parameters
chloramine and its precursor urea showed a gradual decrease from 2004 onwards following the use of
sand — hydroanthracite double layer filters and of a separate active charcoal filter (2003) and a further
decrease with the UV unit (2005 - 06).

Figure 1 Evolution of chloramines, urea and attendance, 2000 — 2006

Figure 1. GHI: evolution of chloramines, urea and attendance
(yearly mean, 2000 - 2006)
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Figure 2 GHI pool attendance

Figure 2. GHI pool attendance(2000-06)
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Figure 2 shows a shift from swimmers (“public” in the graph) towards groups after the renovation
(2003); the percentage of school visitors slightly decreased in that period.

Figure 3 : GHI water suppletion

13 Figure 1 gives the total pool attendance (instruction pool GHI + main pool). No individual data for each pool are available,
it is assumed in this study that the total attendance was proportionally divided over both basins, see also Figure 2 for details
on pool attendance
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m3/ month (mean)

Figure 3. GHI water suppletion (2004-06)
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Figure 3 gives the monthly mean water suppletion in the GHI swimming pool, 2003 — 2006 (2003 only
partial; individual monthly data showed a variation of 10 — 20 %). The overall improved water
guality, as shown in Figure 1, combined with an increasing pool attendance, was not caused by
excessive water suppletion.

2. Chloramine content of pool water.

Figure 1 showed a gradual decrease of the chloramine content of pool water from 2004 on. It

was based on the yearly mean value.
In the following paragraphs, a more thorough analysis of the evolution of chloramines will be

made based on the daily and monthly water controls.

2.1. Monthly data (analysis by the PIH-laboratory)

(Note: water for monthly analysis sampled in the basin)
Figure 4 Chloramine content of pool water GHI, summary of monthly data (July 2000 — April 2007)

Figure 4. Chloramine content poolwater GHI
(monthly data July 2000 - May 2007)
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This figure confirms the already observed trend of the decreasing chloramine content of Figure 1



ONTWERPTEKST versie 4 juni 07 Pagina 6 van 11

Figure 5 Chloramine content of pool water GHI, summary of monthly data, 2005 — 2007 (detail of
Figure 4)

Figure 5. Chloramine content pool water GHI
2005 - 2007 (abbreviations see tabel 1)
0,70
|
0,60 Py Uy disabled —————— & SHA
0,50 ' B SHA-UV
0,40 e A SHA*-UV1
0,30 < SHA*1
0,20 . - ¥ SHA*-UV2
[ | A
0,10 - Ab s ® SHA*2
n u Xe@

0,00 : — A : SH-UV

09 mrt 05 25sep 05 13 apr 06 30 okt 06 18 mei 07

Figure 4 and Figure 5 show a significant decrease of the chloramine content of pool water with the
UV-unit. A further decrease was reached when the active charcoal filter was renewed.

2.2.  Daily samples (analysis by pool technician)

(Note: water for daily analysis sampled at the Depolox unit)
Figure 6 Chloramine content of pool water GHI, summary of daily analysis (2005 - 06)

Figure 6. Chloramine content pool water GHI.
Summary of daily analysis July 2005- May 2007
(abbreviations: see table 1)
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When comparing Figure 4 and Figure 6, remind that the water was sampled at different locations
(basin vs. technical compartment) The general trend is however the same: a decrease of the
chloramines after the UV unit was operating. The difference between the mean values with and
without UV-lamps proved to be statistically significant at the > 99.9 % level in both cases.

Table 2 Percentile distribution of the chloramine content (from daily controls, see Figure 6)

Percentile No UV * With UV *
50 0,30 0,21
90 0,54 0,35
95 0,68 0,37
99 0,71 0,65
100 0,72 0,65

(* all concentrations in mg/l)

2.3.  Results of the DEPOLOX control unit,

A combined chlorine measurement is generated from the Depolox total and free chlorine modules
every 15 minutes. In total over 24.000 individual data were obtained from the period December 2005 —
October 06.

These results were only used in this report after validation of the Depolox data. Each time the
chloramines were measured photometrically in the daily checks with DPD, the combined chlorine
displayed on the Depolox unit was noted. The difference between the DPD- and the Depolox
combined chlorine value should in theory be zero. A mean difference of —0,02 mg/l with a standard
deviation of 0,12 mg/l was obtained, and only 9 out of 144 individual data points have a difference
exceeding +0,2 mg/l, see Figure 7

Figure 7 Chloramine in GHI pool water: difference between daily analysis (Photometer, DPD) and
Depolox total/free chlorine module

Figure 7. Difference Depolox - daily analysis (DPD 3)
(abbreviations: see table 1)
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Figure 8 Chloramine content of pool water GHI, summary of Depolox data (Dec 2005 — Oct 06)

Graphical representation of all 24.000 individual Depolox data was difficult to interpret. A more
“visible” solution was to plot the daily mean, see Figure 8 containing 263 daily means (total mean
chloramine content = 0,20 mg/l raging between 0 and 0,46 mg/I.

Figure 8. Chloramine content pool water GHI
(registration from Depolox control unit)
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3. Effect of UV on other water quality parameters

Beside the water quality parameters which must be analysed daily and/or monthly,** other parameters
were included in this study: ammonia, nitrite and nitrate as possible intermediate and end product of
the photochemical breakdown of chloramines, sulphate and the trinalomethanes.® The t-(Student) test
was used to check if observed differences are significant on the 95, 99 or 99.9 % level.

o Free chlorine: although the decomposition of free chlorine by UV light can be expected, it could
not be observed, even not when water was sampled immediately before and after the UV unit;
e UV light had no measurable influence on the parameters pH; the pollution indicators chloride,

urea and organic matter (= potassium permanganate number); the bacteriological water quality;
nitrogen-containing compounds ammonia, nitrite and nitrate (see Figure 11), sulphate and on
AOX (see Figure 9) and trihalomethanes (see

e Figure 10); acids and bases can transform bicarbonate into respectively carbondioxide (CO,) and
carbonate (CO4”) and thus stabilise the pH (or act as a “buffer”). UV seems to have no influence
on the pH of pool water. However a very significant difference was observed between the
bicarbonate content with and without UV (respectively 33 and 22 mg/I at the 99 - 99.9 % level);

Figure 9 AOX-concentration pool water GHI, 2005 —2007

14 See footnote 11
15 chloroform CH,;CI, bromo-dichloromethane CHBrClI,, dibromo-chloromethane CHBr,CI and bromoform CHBr;
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Figure 9. AOX content pool water GHI
2005-2007 (abbreviations: see tabel 1)
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Figure 10 Chloroform concentration pool water GHI, Feb 2005 — Dec 2006

Figure 10. Chloroform content pool water GHI
2005-2007 (abbreviations: see tabel 1)
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Figure 11 Nitrate concentration pool water GHI, Feb 2005 — Dec 2006

Figure 11. Nitrate content pool water GHI
2005-2006 (abbreviations: see tabel 1)
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4. Effect of active charcoal on water quality

The active charcoal filter remained in operation during most parts of the UV test, in constant bypass at
about 25 % of the total circulation rate, so as to not influence the UV test. (see Table 1 for details)
Free and combined chlorine — both sampled immediately before and after the active charcoal filter —
and the urea content of pool water proved the improper functioning of the filter, see Table 3. It was
decided to refill the active charcoal filter. The second group of data, after the refilling, proved that the
active charcoal functioned normally.

Table 3 also showed the positive effect of charcoal on both chloroform and AOX. All data were
obtained with a constantly working UV unit, except for the period March-May 2007 when the active
charcoal filter was out of use . For both parameters, a highly significant decrease was noticed with the
fresh active charcoal and an increase without active charcoal filtration.

Chloroform and AOX become increasingly important from medical and environmental point of view,
and active charcoal offers possibilities to reduce disinfection by-products. The lowest legal
parameters, e.g. the 20 pg/level - as imposed for chloroform in Germany and by the FINA™ - can be
met with combined UV and active charcoal.

Table 3 Effect of the active charcoal filter on water quality*

Sampling
Before active charcoal After active charcoal Basin
filter filter
PERIOD October 2005 - February 2006 Oct 2005 - June 2006
active charcoal no | onger “active”
Free chlorine, mg/I 1,00 £ 0,33 (19) 0,97 + 0,36 (19)
Combined chlorine, mg/I 0,20 £ 0,09 (19) 0,24 £ 0,07 (19)
Urea, mg/I 1,01 £ 0,46 (30)
Chloroform, pg/l 107+ 31 (21)
AOX, ug/l 368 + 64 (7)
PERIOD October 2006 — January 2007 Sept — Dec 2006
New active charcoal
Free chlorine, mg/I 0,81 + 0,16 (23) 0,64 + 0,23 (23)
Combined chlorine, mg/| 0,08 + 0,04 (23) 0,08 + 0,05 (23)
Urea, mg/I 0,50 + 0,0 (11)
Chloroform, pg/l 9+4(11)
AOX, ug/l 44 + 27 (11)

(*) mean concentration + standard deviation (number of samples)

CONCLUSION
This study showed that low pressure UV lamps can break down effectively chloramines up to the

lowest legal limit of 0,2 mg/l (DIN 19 643). The combination of UV and active charcoal also
allows the reduction of AOX and trihalomethanes.
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