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Abstract: Swimming pools are very expensive, in terms ofrafien, sports facilities. Therefore, investors and
managers of these facilities are looking for methofl reducing the costs of their use. One of thepased
methods is the managing of washings previouslyhdisged to the sanitary sewage system. The assdssien
possibilities for reuse of washings from swimmiraplfiltration system is based on the limits of ibaadicators
of pollutants in wastewater discharged to water aail (temperature, pH, TSS, B@DCOD, TN, TP, free
chlorine). The conducted research of washings yuim 26 tested swimming pools have shown thathiegs
quality is dependent on the operating conditionthefpool circuit, including the filter cycle dui@t and types of
filter bed. A direct discharge to water or soil mBy/impossible due to excessive amounts of tosgdended solids
(above 35 mg/df) and free chlorine concentration (above 0.2 mgd@f). However, the quality of supernatant
water of washings subjected to sedimentation ifaheratory shows that the washings are suitabslesiase. The
installation of settling tanks in swimming pool ilédes could relieve the sewage systems and allowthe
discharge of supernatant water to surface watefsrdhe irrigation of green areas in an environtaiy friendly
way.
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Introduction

Technologies for recovering water from washingschiisged from water treatment
stations have been used in Poland and all ovewndinkel for many years [1-10].

In Poland, issues connected with the managemeniashings from swimming pool
treatment systems have been pondered upon for dlfioyears, since increasingly high
prices for water and sewage started to convincemavimg pool owners to look for
solutions that would reduce the costs of runningirtacilities. One of them is the
management of washings that have usually beenafigeti to the sewage system.

Since 2002, the Institute of Water and Wastewatsgitieering of Silesian University
of Technology is testing the quality of washingsctliarged from pools filtration systems
and the possibility of their management [11, 12heTmain idea is the rational use of
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existing easy solutions, processes and deviggsedimentation tanks, settling tanks or
settling tanks combined with flocculent mixing tank

In the case of washings coming from cleaning tha@lgf6lter beds, potential is hidden
in their large volume and the simplicity of methdbat are used to recover the supernatant
water.

The proper rinsing of a swimming pool filter reasrfrom 4 to 6 rhof water per rhof
filter bed [13-16]. For example, swimming pool tmeant system consisting of 2 filters
with diameter of 1800 mm, that are usually rinsedrg two days, requires from 245 to
365 nt of water every month, just for cleaning it.

Taking into account the fact that there are 73@iputdoor swimming pools in Poland
[17], each with a few or several filtration systeraad that the demand of water for those
facilities is high, the idea of washings reuseéagainly worth considering. The studies of
the volume of washings discharged to the sewagemsysonducted so far showed that it is
possible to reduce the costs for sewage by 20-®8metimes, the volume of washings
was not as important as the price for discharging f washings [11, 12].

With the proper quality of swimming pool water [18; 18] and efficient pool
filtration systems [19, 20], using the supernataater from washings for irrigating green
areas, sprinkling grounds and tennis courts (vétgndocated near a swimming pool), as
well as flushing toilets is an easy solution thédves to dramatically reduce the cost of
water and sewage.

If a swimming pool is located near a watercoursashings could be discharged
directly to it. It should be noted that operatingiastallation for discharging washings into
a watercourse requires a water permit that reguldte use of water and discharge of
sewage into water or soil [21-23]. Special attemtibould be paid to the level of washings
contamination as compared to the cleanliness afgbhe chosen watercourse and the
method of discharging wastewater into a receiviodybof water [24, 25].

The simple solutions for the management of washamggyaining in popularity among
the swimming pool owners. A few of the tested ftie$ have them already and the cost of
their implementation is being recovered.

In the case of new swimming pools, the installatidar washings reuse are often
planned during the design stage.

The main objective of this article is to assesshthsic parameters of washings quality
and to determine the possibility of their managetmefsth the help of simple and
environmentally friendly methods. This is achievdyy analysing the results of
physicochemical tests of washings samples takem f&% filtration systems in years
2002-2015.

Research methodology

The research compares the results of physiococlhéamalysis against the regulations
and recommendations concerning the permitted lesfelpollutants in wastewater
discharged to water or soil [21, 23-25].

The analytical tests of basic quality parametersvaghings were performed: pH,
temperature, total suspended solids, COD (chemicggen demand), BOf(the five-day
biochemical oxygen demand), total nitrogen, totdlogphorus, free chlorine and,
in 11 samples of washings, CFU (colony forming sindtf total bacterial count.
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The maximum allowable values of pollutants, presénh Table 1, were considered
the basis for determining if the washings coulddngsed by discharging them to water or
soil.

The analysis covered raw washings and washingsecaloj to a two-hour
sedimentation process in laboratory conditions.

The complete cycle of tests for determining thetaomnation level of washings from
particular pool circuits took from 1 to 2 monthdgli basic tests were performed. These
determined the sedimentation efficiency, washirgygamination level and their suitability
for reuse.

Table 1
Maximum allowable values of selected indicatorsaftaminants in wastewater discharged
to water or soil by [24]

. . Maximum Minimum percentage

No. Indicator Unit allowable value | of pollution Peductiong[%]
1 pH [ 6.5-9.0 -

2 Temperature °C] 35 -

3 Total suspended solids [mg/dm 35 90

4 Chemical oxygen demand COQ [mg/drr] 125 75

5 The five (cji:r)]/qglr?;geom[alcal oxygel [mg Oy/dn] 25 70-90

6 Total nitrogen [mg N/dfp 15

7 Total phosphorus [mg P/dm 2

8 Free chlorine [mg @dnT] 0.2

The washings were collected in batch during the levtoycle of filter beds rinsing
(mean mixed sample) through valves installed orptpes of individual filters.

The samples were collected and marked in accordaitbeapplicable standards and
methods [26-29]. PH was determined by potentiometnethod, temperature by direct
measurement method, total suspended solids by tdinetgh method, COD, total
phosphorus, total nitrogen and free chlorine by cspphotometrical method
(spectrophotometer DR5000 UV/VIS), B@Dy dilution method (measuring device Oxi
Top®OC 100), the total number of organisms was detexehin the accredited laboratory
of District Sanitary-Epidemiological Station.

The analysis and comparison of washings test seshlbwed that direct discharge to
water or soil was impossible due to excessive amsoohtotal suspended solids and free
chlorine concentration.

The analysis of test results of washings after dbdimentation process allowed to
establish if they could be discharged into watersesi or used for the irrigation of green
areas. Both manners of management required thellaigin of a settling tank and/or
system for facilitating the sedimentation of susjeghsolids, and then the discharge of the
condensed sewage to the sewage system.

Characteristics of swimming pool filtration cycles

The washings samples under study come from 26 pgdés, 16 from sports pools
and 10 from relaxation pools. The pool cycles (sming pools) are marked: B1, B2, B3,
etc. to B26. All of the analyzed pools are publiddor swimming pools, designed for
bathing, irrespective of weather conditions. Wateatment for all cycles is based on
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processes performed in close water cycles, incgldictive overflow, and consists of:

prefiltration - surface coagulation (except cyclb4 and B17 which use diatomaceous
filters) - disinfection (mainly NaOCI, in a few plsosupported with UV irradiation or

partial water ozonization) - pH adjustment.

Among the analyzed pools, 16 are typical sportsIgposith dimensions of
12.5 m x 25 m, 10 are recreational pools designathlgnfor children, with irregular
shapes and of various sizes. Pools B14 and B1Dpese vaccuum filters pre-coated with
diatomaceous earth. Here, the water is filteredh witspeed of 2.5-4.0 m/h, and rinsing
consists of removing diatomaceous earth with thip loé high-pressure water from the
mains. Depending on the number of filter cartridgm®e rinsing requires from 3 to 7°m
of water.

The remaining cycles are equipped with closed pres§iters that filter the cycle
water with a speed of 30 m/h, and rinse the fitteds with a speed of 60-65 m/h. Rinsing
requires from 4-6 thof water per rhof filter bed. The water for rinsing is taken from
expansion tanks.

The pools under study are supplied with water ftbenmains water supply complying
with quality requirements of water for consumpti@0, dn? per every bathing person and
per 24 hours. Sewage and washings are dischargie xternal sewage system. Due to
insufficient capacity of urban sewage systems tacwhvashings from B3, B4, B5, B18,
B19, B20, B21 and B26 are discharged, the watetrtrent systems in these facilities were
equipped with buffer tanks allowing for storage dinein successive discharge of washings
to the sewers. In pools B4, B5, B18, B21 and BB6s¢ tanks serve as settling tanks for
washings, allowing for their partial recovery.

The characteristics of filtration cycles, from whiwashings samples were taken, are
presented in Table 2.

Table 2
Characteristics of tested filtration cycles

N Number | Filter diameter . Cycle time
Swm;g:mg of filters |or width x length m:rrl]:'ge?t[%f nt:]]e Type of filter bed of);iltration

P litem] [mm] Y [day]

BL L 1800 1200 sand multilayer L

B2 3 1800 1200 2

sand multilayer with a layer

B3 2 1800 1200 of anthracite 2

B4 L 1800 1500 sand multilayer L

B5 2 1800 1500 2

B6 2 1800 1200 2

B7 2 1600 1500 3

B8 2 1800 1500 sand multilayer with a layer| 3

B9 2 765 1250 of anthracite 3

B10 2 1800 1350 2

B11 2 1800 1200 3

B12 2 1800 1500 sand multilayer 2

B13 2 1600 1200 sand multilayer with a layer 3

of anthracite
B14 1 2000 x 1900 2000 diatomaceous earth 7-10
B15 2 2000 1200 sand multilayer with a layer 3
of anthracite
B16 2 1800 1500 sand multilgyer with a layer| 2
of active carbon
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N Number | Filter diameter . Cycle time
Swimming of filters |or width x length The height of the Type of filter bed of filtration
pool it filter layer [mm] d
[item] [mm] [day]
B17 1 2100 x 2300 2000 diatomaceous earth 6-8
B18 2 1800 1500 sand multilayer Wlth a layer| 7
of anthracite
B19 2 1800 1200 sand multilayer 3
B20 1 1400 1200 Y 2
sand multilayer with a layer
B21 2 2200 1500 of anthracite 2
B22 1 1600 1200 AFG (a bed of glass) 1
B23 2 1800 1200 sand multilayer with a layer s
B24 2 1600 1200 o amﬁ]racite y 3
B25 1 800 1200 1
B26 1 910 1200 sand multilayer 1
R Filtration S The number The volume
Swwggwllng surface Rinsing method chun[tn:esf;f;]?ency of rinses in of washings
P [m? month [m3month]
Bl 2.54 76.3 12 182.9
B2 2.54 228.9 24 365.8
B3 2.54 152.6 24 365.8
B4 2.54 compressed air and watér 76.3 12 182.9
B5 2.54 from the retention tank 152.6 24 365.8
B6 2.54 146 16 243.8
B7 2.01 120 24 289.4
B8 2.54 152.6 16 243.8
BO 0.46 water frortT;rt]hke retention 46 16 44.2
B10 2.54 146 16 243.8
B11 2.54 compressed air and watér 140 16 243.8
B12 2.54 from the retention tank 152.6 16 243.8
B13 2.01 120 16 193.0
3.60
B14 (L inset) tap water 110 4 28.0
B15 3.14 compressed air and watér 188.6 16 3014
B16 2.54 from the retention tank 152.6 24 365.8
4.83
B17 (1 inset) tap water 174 5 35.0
B18 2.54 142 4 61.0
B19 2.54 152.6 16 243.8
B20 1.54 compressed air and wat 46 15 138.6
B21 38 fronF: the retention tank i 115 24 547.2
B22 2.01 60 30 361.8
B23 2.54 152.6 24 365.8
B24 2.01 120 24 289.4
B25 0.5 water from the retention| 15 30 90.0
B26 0.65 tank 23 30 117.0

Analysis of research results

The analysis of physicochemical properties of waghidischarged from the tested
swimming pools showed that these washings musbeatischarged directly to water and
soil due to the exceeded content of total suspersidids, COD and BOPand the
concentration of free chlorine.
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The average content of total suspended solids éntésted washings ranged from
24 mg/dni in swimming pool B26 to 1615 mg/drin swimming pool B17 whereas the
allowed limit of suspended solids for sewage disgiad into water and soil is 35 mg/dm
(Fig. 1).
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Fig. L The amount of total suspended solids in washiiigharged from tested pools

A two-hour sedimentation process resulted in tleicgon of total suspended solids in
the tested washings, ranging from 24.0% in B19 501% in pool B1. As a result, the
amount of settle-resistant suspended solids inreafsnt water ranged from 14 mg/im
B21 to 150 mg/drhin B14 (Fig. 2).

Washings from B14 and B17 pool circuits containbd highest amount of total
suspended solids (on average: 822 and 1615 mip/@uch a high level of suspended
solids in the washings is caused by the filtraggatems and rinsing method. Both circuits
have vacuum filters with filter cloths pre-coateidthmpowdered diatomaceous earth. The
filters are cleaned by removing the contaminangeticer with diatomaceous earth, what is
responsible for such a high content of suspendédssm washings discharged from the
circuits. In both cases, despite the high reductafnsuspended solids during the
sedimentation process (81.7% in B14 and 95.0% i) Bthe amount of settle-resistant
suspended solids was still very high (80 mgl@mB17 and 150 mg/dfin B14).

In washings from circuits B6, B10, B17, B18 and B#@e observed reduction of
suspended solids ranged only between: 24.0% (B8%P6 (B18). Such low reduction
level was caused by the low efficiency of the cdafijpn process. Light and very small
flocs found in the washings from these swimminglpalid not settle and after a two-hour
sedimentation process there was on average fromg28n? (B19) to 56 mg/drh(B10) of
settle-resistant suspended solids in the supernatesr.

In the remaining samples of washings that wereestibjl to the sedimentation process,
the amount of total suspended solids in the supemhavater ranged from 14 mg/dm
in B21 to 35 mg/drhin B5 and B15.
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Fig. 2. The amount of total suspended solids iresgtant water after a two-hour process of washings
sedimentation

900
850
800
750
700

(o))
wv
o

[}
o
o

COD [mg0,/dm3]
W s B O WG
w
o

B1 B2 B3 B4 B5 B6 B7 B8 B9 B10B11B12B13B14B15B16B17B18B19B20B21B22B23B24B25B26
Swimming Pool

Fig. 3. COD in washings discharged from tested ool

In the tested washings, the average values of CDBed from 23 mg £dn? in B26
pool cycle to 840 mg gdn?® in B14 (Fig. 3). In the washings from 14 pools tralue of
this indicator did not exceed the Ilimit for sewadéscharged to water and soil
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(125 mg Q/dm®). The sedimentation process resulted in the réstuaif COD values,
ranging from 29.4% in washings from B18 to 97.0%Bi& As a result, after a two-hour
sedimentation process, COD values in the supernagter did not exceed 125 mg/@m®
and ranged from 11 mg,@m?®in B2 and B17 to 112 mgAQim® in B14 (Fig. 4).
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Fig. 4. COD in supernatant water after a two-haocess of washings sedimentation

The average values of BQIh the tested washings ranged from 0.8 ngl®® in B26
to 66.7 mg @dm® in B2. In the washings from 22 pools, the valughi$ indicator did not
exceed the limit for sewage discharged to water and (25 mg Qdm’). The
sedimentation process (in B1-B21) resulted in #duction of BOR values, ranging from
32.5% in pool B14 to 88.3% in pool B2, what in tualowed to reach BOPvalues
ranging from 1.8 mg @dn? in B20 to 14.8 mg @dm?® in B13 (Fig. 5).

The average values of total phosphorus in the destashings did not exceed
2 mg P/dmwith the exception of washings discharged from Bftid B16 in which case the
average values of total phosphorus amounted tqectisely, 2.03 mg P/dMmand
2.30 mg P/di(Fig. 6).

The average values of total nitrogen in the testashings ranged from 3.7 mg N/dm
in B22 to 26.2 mg N/dfhin B25. With the exception of washings discharffech B9, B14,
B20 and B25, the amount of total nitrogen in waghidid not exceed the limit for sewage
discharged to water and sd#,15 mg N/dm (Fig. 7).
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Fig. 5. BOD in the washings and supernatant water after ahiouo-sedimentation process
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Fig. 6. The content of total phosphorus in the waghdischarged from tested pools

The assessment of possibilities of washings managemiepends also on pH and
temperature of washings. The tested washings ptesalanged from 6.74-8.59 (average
value pH = 7.31). The washings temperature dependedly on the temperature of water
that was used to rinse filter beds. The beds ofqume multimedia filters (using sand or



45¢€ Joanna Wyczarska-Kokot

sand and anthracite) were rinsed with water takem fpool expansion tanks, that is with
water whose temperature ranged from 26-30°C (dépgrah the pool type). That is why
the temperature of washings after rinsing of tlyiset of beds ranged from 22.1-30.0°C
(depending on the time that has elapsed sincetilewas filled with water from the mains
water supply). Diatomeous filters were rinsed withter from the mains water supply, that
is with water whose temperature ranged from 12-18%at is why the average temperature
of washings coming from cleaning the filter clofire-coated with diatomaceous earth was
15.5°C in B14 and 16.4°C in B17.
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Fig. 7. The content of total nitrogen in the wagjsidischarged from tested pools

Due to strong oxidising properties of free chlorits concentration in wastewater
discharged to water and soil should not be highant0.2 mg Gldn?. Just like with
temperature, the concentration of free chloringhim washings depended on the type of
water used for rinsing. In washings from cycleshwdiatomaceous earth (B14 and B17),
the concentration of free chlorine was very low aathounted to, respectively,
0.16 and 0.15 mg @Htn?. The concentrations of free chlorine in the renmjrwashings
were varying considerably, ranging from 0.21 mg/d@h’ in B19 to 0.94 mg Gldm® in
B16 (Fig. 8). Such high concentrations of free dhi make direct discharge of washings
from swimming pool circuits into water or soil imggible. Just like in the case of exceeded
content of suspended solids, time is needed forctivecentration of free chlorine to
decrease to the acceptable level of 0.2 m¢d@F. Due to the fact that the beds are rinsed
during evening hours, the next determination of ftalorine in the washings samples was
done after 12 hours. The reduction of free chlorameged from 37.9% in B3 to 94.7% in
B2, and the content of chlorine in the washings pam ranged from 0.02 to
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0.20 mg CYdn?. In the case of washings from B3, B10, B15 and,BB& content of free
chlorine was determined after 2 hours and amoutatetespectively: 0.18; 0.15; 0.12 and
0.18 mg CY/dn? (Fig. 8).
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Fig. 8. The content of free chlorine in the waskidgring the sampling and after 12 hours

Summary and conclusions

The performed tests showed that washings dischdrgadswimming pools must not
be directly discharged to water and soil due toetkeeeded content of suspended solids and
free chlorine concentration.

The results of the settling tests in Imhoff tanloyad that a two-hour period of
sedimentation allowed for the reuse of supernatamtsd9 out of 26 tested cycles.
In 7 circuits, the sedimentation process couldamdlifated, for instance by dispensing and
mixing washings with appropriate flocculant.

It needs to be underlined that the high efficien€gedimentation of suspended solids
in the washings in the majority of tested pool egclvas achieved by appropriate water
coagulation in pool cycles and proper operatiofiltairs.

The performed analysis of basic indicators idemtdfythe contamination level of
washings (pH, temperature, COD, BQDP, TN, free chlorine) and comparing them with
the limits of contamination for sewage dischargedwater and soil proved that it is
possible to relieve the sewers and manage supatnadder from pool installations locally,
for instance, by using it to irrigate green aremaan environmentally friendly way.

The results of the performed tests showed that:
= volume and quality of washings discharged from pdiration circuits was varying

and depended on the volume of water used for ignaimd the manner of pool circuit
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operation,ie on filtration cycle time, number of filters in cirits, their efficiency and
bed type;

= washings discharged from tested pools installationst not be managed directly
primarily due to the content of total suspendeddsoéxceeding 35 mg/dhand the
content of free chlorine exceeding 0.2 mg/@h®;

= sedimentation process allows for reuse of supemhatater, for instance, by using it to
irrigate green areas or discharging it to a watense;

= a two-hour sedimentation process was, in the nigjofi cases, enough to reduce the
amount of suspended solids and the values of itaicaised to determine the amount
of suspended solidse COD and BOI, as well as the free chlorine content in
supernatant water;

= both pH and temperature of washings did not exctwed limits specified for
wastewater that can be discharged to water or soil;

= analysis of the volume of washings (from 28month in B14 to 547 ffmonth in
B21) and the costs of discharging them to the sevgggtem (from 296 PLN/month in
B9 and 3818 PLN/month in B16) suggests that reusupgrnatant water is reasonable
and economically justifiable;

= in every case, water recovered from washings cbaldised for the replenishment of
water in pools circuits if appropriate processed davices €g ultrafiltration, reverse
osmosis) were used after the sedimentation prg86s33].
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