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CHANGES IN WATER CHEMISTRY AS A RESULT OF RAINFALL
RUNOFF FROM THE ROOFS OF VARIOUS COATINGS. PART I

KSZTALTOWANIE SI E CHEMIZMU WOD OPADOWYCH W WYNIKU
SPLYWU Z DACHOW O RO ZNYCH POKRYCIACH. CZ ESC |

Abstract: The aim of the study was to determine the levetaltium, magnesium, sodium, phosphorus and
potassium in the waters flowing from the roofs ofikes with varying degrees of coverage on the aukg of
their contents in rain waters. On the basis ofMir@ster of Environment Decree of 24 July 2006 amditions to

be met for the introduction of sewage into the wateground and on substances particularly harrduhe
aquatic environment, runoff from paved areas dtaltreated as sewage, and runoff from roofs ofdingk are
treated as pure water and can be discharged iet@rnkironment without a permit. However, literataiata
indicate the possibility of a significant enrichrher rainwater at the time of contact with the reolering. The
study included 24 roofs of houses or small tradilimgs. As background to the research used raiemaillected

in two randomly selected locations within the aséaesearch. The study was conducted in areaslevitthuman
impact, in order to best capture the effect of tifyge of roofing material on the formation of watdremistry.
Research area was located in the Luslawice in #meclv county in Malopolska province. The study inigd the
most common roofs in the surveyed area: cement dédeamic tile, bituminous, unpainted galvanizedahe
copper and asbestos cement. The tested water santpldetermine the content of calcium, phosphorus,
magnesium, sodium and potassium. In addition, it watermined the pH value of water and electrolytic
conductivity. The results of this study indicatatttihe water runs off the roofs of respondentséaohecase
contained a greater quantity of the analyzed elésngncomparison with rainwater. For example, whhe
average content of magnesium in the water flowmgnfthe tile cement was almost ten times highen thaain
water, in the case of tile ceramic was almost fiwees more water from the bituminous coverings aored about
three times more magnesium, and water from theagéted metal contained about six times more as aosdp
with rainwater. Also in the case of most other edata enrichment factors found in the waters cavercement
(tile, and asbestos cement) then galvanized angdoehile the lowest were recorded in the enrichinoémvaters
from the roofs of the covering of ceramic tiless@lnoted an increase in the conductivity valuesaters from
the roofs of the coverings of cement, galvanizezblsand ceramic tiles. All runoff from the roofs reveof
generally higher pH value compared with rainwateg, biggest reaction - about 8 found in the watén eement
tiles, slightly lower, about 7.0 in water from reofiith ceramic tiles and sheet copper. pH of theewm the
coated sheet was lower than in water, rainwaterogedlating within 5.5. Rainwater pH was 5.94.

Keywords: rainwater tanks, water pollution, runoff from repfsodium, potassium, calcium, magnesium,
phosphorus
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Quality of rainwater is greatly important for demsping chemistry of surface and
underground water. In the areas of low anthropgoires pollutants in the atmospheric air,
originating from long atmospheric transport, may &enain factor worsening quality of
water environment [1]. The main sources of rainwatdlution are gases and dusts coming
from industries and fuel burning. Development dfamization and increasing coefficient of
area anthropisation leads to increasing impermesbface, which reveal a very low water
retention capacity. Water management in these ar@aases problems because of fast and
intensive flow of storm waters and water deficiemying rainless periods. In urbanized
areas torrential rains occur much more frequentlijich still aggravates the problem.
Draining of water collected from hardened surfagenediately to the receivers seem
unjustified from the perspective of rational mamagat of water resources. According to
the Decree of the Minister of the Natural Enviromtnef 24 July, 2006 on conditions which
must be fulfilled at sewage entry to waters andulostances particularly harmful for water
environment [2], water from roofs is treated asanlevater and no water-legal permit is
required for its entry into the environment. Howeveany authors have pointed out
a possibility of excessive pollution of this watenen reaching the level exceeding the
norms stated in legal regulations of many countf&§]. A method for alleviating the
results of diminishing retentive capacities of bujp areas is using installations collecting
water flowing from the roofs and using it for samjt purposes or irrigation during drought.
It allows for rationalization of water managememd aconsiderably diminishes surface
runoff in effect leading to increased water ret@mtiSystems of collecting and storage of
water flowing from roofs are often introduced invdeped countries all over the world.
Countries such as Germany, Denmark, India, Japa&usiralia are leaders in constructing
small installations for rainwater collection fromofs in individual households [7, 8].
National legislative bodies in many of these caestmake laws requiring that all new
buildings should have rainwater collecting systeftsese regulations aim at limiting the
requirements for treated water and collection dachge of rainwater instead of discharging
it straight to storm drainage system [9, 10]. AlsdPoland a possibility of utilization of
water collected from roofings has been increasingfien taken into consideration.
However, inadequate quality of rainwater may didifjud from further use [7, 10]. Simons
et al [9] point to a possible hazard of bacterialacontamination of water flowing from
roofs, which may lead to diseases and infectiopeuple using the water. Therefore, it is
important to determine the quality of water, whishcollected from a determined type of
roof coverings. Numerous authors point out to abergible changes of water chemistry
during its contact with roofing and rain pipes 719, 10].

The aim of the investigations was determining tifeiénce of various roofing kinds on
chemistry of rainwater in the areas of low levelaothropopressure. The other goal of the
research was an assessment of the quality of Wewdng from roofs from the viewpoint of
its possible use.

Materials and methods

Water for the analyses was collected in Septembdr@ctober 2009 from roofs of
detached houses or farm buildings located in Luskwillage in the Tarnow county in the
Malopolska province. Water was collected on theosdcand third day after heavy rains.
Rainfall total during investigated periods excee@8dmm. Water was collected from the
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southern, eastern or northern side in order tat lihe effect of organisms growing on the
northern side of the roofs. The investigated aressifuated in the place with small
antropopressure, so that the effect of roofing catew chemistry change could best
registered. The investigations focused on foursamivered with cement roof-tiles, 3 roofs
covered with ceramic roof-tiles, 3 roofs with bitem roofing, 3 roofs covered with
galvanized sheets, 3 with coated sheet, 3 roots edpperplate and 3 roofs covered with
corrugated eternit. Selected roofs were construatean angle of about 4and covered
detached houses or farm buildingxcept one copperplate roof covering a church in
Zakliczyn nad Dunajcem village.

The possibly little used roofs were selected, withvisible traces of corrosion. The
exception were roofs covered with cement roof-téesl eternit, which were built in the
seventies of the 30 century. The background was rainwater collectetectly to
polyethylene containers in two randomly chosengda®Vater was collected during a rainy
period, after long lasting rains in order to eliati the influence of dusts settled on roofs on
water chemistry. Collected water was filtered, ditedad using nitric(V) acid and the
contents of analysed metals were assessed by méatemic emission spectrometry in
inductively coupled argon plasma on Jobin Yvon aBgaratus. The quality of analysis was
verified using internal reference material. pH ealwas determined in raw water in the
place of water sampling.

Results and discussion

Obtained results of research evidence that raimmai@y considerably change its
composition during flow from roofs. The kind of fowg and chemical composition of
rainwater to the greatest extent affect changeheimical properties of water flowing from
roofs. Despite a very short water contact with yabere is an intensive leaching of
components from the materials forming the roof covidere is plenty of information in
scientific literature about the quality of runoffsom roofs concerning its utilization.
Particularly pollution with sulphur and nitrogenngpounds which affect rainwater pH and
in result the rate at which elements become washeffom roof coverings [11]. In order to
recommend a specific form of utilization of watdowing from anthropogenically
transformed areas, one should monitor the chen$tiiyese waters.

Average pH value of rainwater was 5.86 and theti@ads typical for atmospheric
precipitations in the areas with low anthropopressiAt such reaction no effect of
acidifying air pollutants or alkaline dusts is metil. A change of reaction of water flowing
from the roof is connected with washing out alkalions from the roof surface.
A statistically significant change in water reantivas registered for water flowing from
roofs covered with cement roof-tiles and coppegplaiH value of these waters were
respectively 7.26 and 7.19. Reaction of the othemges remained on a lower level and no
statistically significant differences in compariswith rainwater were revealed. Insignificant
differences in pH were noticed among the water $esnfpom the same roof type (Fig. 1).
Farreny et al [12] found similar dependencies ef tbaction and the kind of roofing. The
authors stated higher pH in the water from roohvabncrete roofing in comparison with
roofs covered with ceramic roof-tiles or metal sh&ater flowing from copperplate roof
was characterized by higher pH than the rainwdltd}. [Goebel et al [13] stated increased
pH values in water flowing from cement roofs, cob&te, zinc coated sheet and also from
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ceramic roofs. The authors did not state any diffees in pH value in water collected from
various roofs. Reaction of rainwater reported Bsthauthors was on the level of 5.0 and
after flowing from the roofs was about 5.7. Wateagation is an important parameter of
water quality from the point of view of its utilisan. Increase in water pH may be
a positive phenomenon at its use for irrigatione Thntents of analyzed macroelements in
rainwater was comparable with the data presentedrbyzyk [15],ie 0.202 mg Mg dni>
1.757 mg Ca dm® 0.289 mg Na dm> 0.097 mg K- dn> and 0.0322 mg P dm™.
Honorio et al [5] reported a chemical compositidrrainfall in Brazil containing several
times more sodium and potassium but less magneaiwincalcium than the analysed
precipitations. Arsene et al [16], who analyzed roalement concentrations in rainwater in
northern Romania found over twice bigger conceiutngt of magnesium, calcium and
potassium and over 6 times higher content of sodhan in the analyzed samples. In the
rainwater in northern China Lu et al [17] assessezt ten times more calcium, over 4 times
more magnesium and over twice more sodium, ovemi€s more potassium. Rainwater in
Canada by Ontario Lake, in the areas of low antbpogssure contained comparable with
the presented samples amounts of the analyzed mteifid]. Rainwater in the investigated
area was characterized by a much smaller conténitee @nalyzed elements than rainwater
in the anthropogenically transformed areas and eoatgbe to clean regions of the world.

Table 1
Selected statistical parameters
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Fig. 3. Magnesium content in collected water
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Calcium concentration in the analyzed waters rariged 1.6 to 25.7 mgdni (Table
1). The biggest amounts of this element were asdesswater collected from the roof
covered with cement roof-tiles (Fig. 2). It was o times more in comparison with
rainwater. A similar amount of calcium was registerin the rainwater collected from
eternit. This element concentration in waters fthmother roof types was 1-3 times higher
in comparison with the rainwater. Relative stand#ediation of this element concentration
for the same roof type was 18.9+59.8%. Calcium eatration in the rainwater was small
and water enrichment in this element was statedlfdypes of roofing. An average annual
outflow of calcium from the investigated roofs m#we computed on the basis of
precipitation amounts and roof parameters. It imogt 7 g from cement roof-tiles and
eternit roofing, whereas from the other types aff ioetween 0.3 and 1.5 g. Many authors
point to water enrichment in calcium in result cdter contact with roofing irrespective of
the kind of cover. Water flowing from the coppetplaoof contained between 1 and 80
times more calcium in comparison with rainwater][1Mlany authors point out to an
increased calcium concentration in water colledtedh roofs. On the other hand, Goebel et
al [13] reported that water flowing from roofs witlarious covering contained about 20%
more calcium, irrespective of the roofing. Howevier the research of the same authors
rainwater contained about 5 times more calcium ti@ndata presented in this paper. If
used for irrigation it is advantageous, but higbafcium concentration worsens usable
quality of water when used for washing or sanifaugposes [7].

Magnesium content in water collected from the aredyroofs considerably differed
depending on the roof covering (Fig. 3). The bigggmntities of this element, on average
1.34 mg- dm®, were assessed in water collected from roofs ealvaith cement roof-tiles.
Enrichment coefficient of water flowing from theafs covered with cement roof-tiles was
6.34. Water running down the eternit covered romitained 1.04 mg dm>, which was
about 5 times more in comparison with water coddctdirectly from the rainfall.
Magnesium concentrations in water from the othesfsowvere lower and ranged from
0.35 mg- dm from bitumen roofing to 0.74 mgdni> in water collected from roofs
covered with coated sheet. In all cases water lemeat in this element was noted. Relative
standard deviation of this element content in veateym various roof types fluctuated from
19+70.6% (Table 1). Kelly et al [14] stated enrigmhcoefficient in water running down
copperplate roof on a 1-4 level. Assuming averageial rainfall in Malopolska province
on the level of 650 mm and roof angle 45 degrdestdtal amount of magnesium leached
from 1 nf of roof surface covered with ceramic roof-tilesalsout 400 mg, whereas from
eternit roof slightly over 300. For the other rodlfe value fluctuated between 100 and
200 mg.

Sodium content in the analyzed waters ranged frdmeto 1.497 mg Nadm(Table
1). The smallest quantities of this element wesessed in rainfall water. Water enrichment
in this element was observed for all kinds of rodferease in sodium content in water
flowing from the roof was observed on the two tdoRt level (Fig. 4). The greatest
amounts were assessed in water from roofs coveitadcement roof-tiles and copperplate,
whereas the least for coated sheet roofing. Chaigesodium concentrations in the
analyzed waters were not statistically significaat.considerable changeability of this
element concentrations in water was observed, mgngetween 30.4% in water from
ceramic roof-tiles and 59% for eternit roofing. Geket al [13] states sodium concentration
in water running down the roofs with various cowgriin the range between 0.22 and
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22 mg Na- dm®, however no dependencies were stated betweerléhizent quantity in
water and the kind of roofing.

Average phosphorus content in rainwater was 32.2- mgi° (Fig. 5). Among all
samples, the greatest quantities of phosphorud,70Mg- dni™, were assessed in water
collected from the eternit covered roof and fronpmerplate roof where its amount
exceeded 0.130 dmi>. A very low changeability of this element concatitn was
registered for roofs of the same type. It rangennfr0.86% in water from copperplate
covered roof to 33% for bitumen roofing (Table Phosphorus concentrations in water
running down roofs with various covering, similargresented in this paper, were reported
by Farreny et al [12]. A slight enrichment in teiement was noticed in water flowing from
the roof covered with cement roof-tiles, coppemlat coated sheet. A decrease in this
element quantity in relation to rainwater was reggisd for the roof covered with ceramic
roof-tiles and bitumen material. This element aniolemched from 1 fof roof was
estimated on the level of 150 mg for the eterniafr@9 mg for coated sheet roof and
12 mg for copperplate roof. The amount of phosphdrom the other roofs had no
importance.

Average potassium content in water flowing fromieas roofing fluctuated from
1.57 to 15.7 mg K dn3(Table 1). Its average amount in rainfall water wags mg dm>.

A considerable increase in this element amount atserved in water collected from the
roof covered with cement roof tiles and asbestig @). For the other roofing the element
amount was slightly bigger than in rainwater. Statally significant water enrichment in

this element was observed for cement tile and tumoofing, copperplate and eternit.
Water flowing from copperplate roof of Royal Milita College of Canada was

characterized by higher concentrations of this eld@mn comparison with rainwater.

Coefficient of enrichment in potassium for watewflng down the copperplate roofs ranged
from 2 to 10 [14].

Development of chemistry of rainwater flowing frahe roofs with various coverings
is strongly connected with physicochemical and dhahproperties of rainwaters, but also
with the area pollution rate. The most importamtda increasing the amount of dissolved
substances is water pH, which affects the intensftyelement leaching from the roof
surface. Also chemical composition of rainwateiniportant, as is influences the intensity
of chemical erosion of elements from the roof stefébut also provides a background for
water drained from hardened surfaces. Many authts® point out to dry deposition of
pollutants which in the areas under considerabléhrapopressure is an important
component of a total amount of pollutants drainedtite environment [4]. Pollutants
originating from dry deposition settle on roof swé over a long period and during rainfall
are drained together with water runoff. Therefdles first stage of the runoff may be
characterized by a high content of chemical elemdntnay pose a hazard to proper use of
water collected from the roof. Presented investigatdetermined the effect of roof surface
on developing the chemistry of drained waters, dftee water was collected during
a rainfall period, after the second and third dayntensive rainfall. Introduction of the
water from the roof collecting system is connectétth retention of pollutants deposited on
the roof surface during drought period, which mpsibably will increase total element
quantity in the collected water. Determining theedficity of water gathered from
individual roof types in order to create a univérgay of handling water is difficult because
both the quantity of elements washed out from thef surface and the amount of air
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pollutants absorbed by the roof surface will inseavith the roof ageing [18]. It is
associated with increasing the surface and poradityoofing due to corrosion. Another
important issue is the roof surface settling byntivorganisms, which on one hand absorb
pollutants from the air during drought periods aok the other release metabolites
accelerating corrosion. It is most apparent in adseofs covered with cement materials.
They are usually overgrown with moss, which deéilyitchanges water composition. They
increase its biogen content and limit heavy metdlufon. Therefore, it may be possible
that a considerable part of elements in water gath#om cement roofs originate from dry
deposition temporarily captured on the roof. Socase of water collected from cement
roofing there is a hazard of algae overgrowingdbgtainers in which the water may be
stored. In case of water gathered from roofs caleri¢h coated sheet or copperplate there
is a hazard of excessive water enrichment in zifgkel or copper, or in hydrocarbons in
case of bitumen roofs. It may limit the use of wdte certain purposes. Despite rainwater
enrichment in the analyzed elements, no worseriiitg properties was registered from the
viewpoint of possible utilization. Macroelementsvimter do not pose any hazard to the
environment, but may reduce water applications. itlea of creating rainwater collecting
system assumes setting up artificial retentiorh@éurbanized and transformed areas. At an
average precipitation total in Poland, 72 @hwater may be collected from a building with
an area of 120 flts reuse for irrigation allows for one hand &crkase surface runoff of
rainwater and on the other the irrigated areas agtl as wastewater treatment plants. By
using water for washing or sanitary purposes weritnre to saving treated water of high
quality. Water from roofs collected for ponds wéllow to increase biodiversity in the
urbanized areas and improve retention capaciti¢gseofvhole area. The most frequent way
of rainwater recycling in the world is using theterafor watering lawns and toilet flushing,
whereas only 8% is used for car washing.

Conclusions

1. Contents of the analyzed macroelements in rainwedee not high and did not point to
an anthropogenic enrichment. Obtained results vegmglar or lower than these
elements concentrations in precipitation watehadther regions of the world.

2.  Water runoff from roofs significantly modified watehemical properties.

3. Generally the highest water enrichment in the amalyelements was assessed in
samples from roofs covered with eternit and cemmotttiles.

4. The lowest concentrations of the analyzed elementainwater were registered for
roofs covered with ceramic roof tiles or bitumenfing.

5. Almost half lower concentrations of phosphorus émparison with rainwater were
assessed in water collected from roof covered gétlamic tiles.

6. Water gathered form roofs was characterized by gheni pH in comparison with
rainwater.

7. Considering possible applications of the analyzedewcollected from roofs, it may
provide a valuable source of water for the purpaseigh do not require the highest
quality water.



13C Marcin Niemiec

References

[1] Scholz M. Bioresour Technol. 2004;95(3):269-279.

[2] Rozporadzenie MinistraSrodowiska z dnia 24 lipca 2006 r. w sprawie warwmki@kie naley speiné przy
wprowadzaniusciekow do wéd lub do ziemi, oraz w sprawie substaszczegolnie szkodliwych dla
srodowiska wodnego (DzU z dnia 31 lipca 2006 r.). pladstawie art. 45 ust. 1 pkt 1 i 3 ustawy
z dnia 18 lipca 2001 r. - Prawo wodne (DzU z 2008rr239, poz. 2019 i Nr 267, poz. 2255).

[3] Hatt BE, Deletic A, Fletcher TD. J Environ Manag606;79(1):102-113.

[4] Imteaz MA, Shanableh A, Rahman A, Ahsand A. Restanserv Recycl. 2011;55(11):1022-1029.

[5] Honério BAD, Horbe AMC, Seyler P. Atmos Res. 208§84):416-425.

[6] Schriewer A, Horn H, Helmreich B. Corros Sci. 2(H%2):384-391.

[7] Albrechtsen HJ. Water Sci Technol. 2002;46(6-7):3186.

[8] Kuperman GR, Potapov MB, Sinitzina EA. Eur J SadlB2002;38(3-4):277-280.

[9] Simmons G, Hope W, Lewis G, Whitmore J, Gao W. WREes. 2001;35(6):1518-1526.

[10] Lee JY, Bak G, Han M. Environ Pollut. 2012;162:4429.

[11] Hatt BE, Deletic A, Fletcher TD. J Environ Manag606;79(1):102-113.

[12] Farreny R, Morales-Pinzon T, Guisasola A, Taya Jderdlevall J, Gabarrell X. Water Res.
2011,45:3245-3254.

[13] Gobel P, Dierkes C, Coldeweya WG. J Contam Hy@@07;91(1-2):26-42.

[14] Kelly DG, Ron D, Weir RD. J Environ Sci. 2011;23@Q72-1078.

[15] Kruszyk R. Raport o stanie geoekosysteméw Polskoku 2008. Pozna Inspekcja Ochrongrodowiska;
20009.

[16] Arsene C, Olariu RI, Mihalopoulos N. Atmos Envir@®07;41(40):9452-9467.

[17] Lu X, Li LY, Lia N, Yang G, Luo D, Chena J. Atmosiron. 2011;45(28):5058-5063.

[18] Zobrist J, Miller SR, Ammann A, Bucheli TD, Mottigr Ochs M, Schoenenberger R, Eugster J, Boller M.
Water Res. 2000;34:1455-1462.

KSZTALTOWANIE SI E CHEMIZMU WOD OPADOWYCH W WYNIKU
SPLYWU Z DACHOW O RO ZNYCH POKRYCIACH. CZ ESC |

Katedra Chemii Rolnej$rodowiskowej, Uniwersytet Rolniczy im. H. Kathja w Krakowie

Abstrakt: Celem pracy bylo okiétenie skladu chemicznego wéd splyamjch z dachéw doméw z idym
pokryciem na tle ich zawago w wodzie deszczowej. W niniejszej pracy przedgiao zawarté¢ wapnia,
magnezu, sodu, fosforu i potasu. Na podstawie Razgrenia MinistraSrodowiska z dnia 24 lipca 2006 r.
w sprawie warunkéw, jakie nale speiné przy wprowadzanidciekow do wod lub do ziemi oraz w sprawie
substancji szczegoélnie szkodliwych dfadowiska wodnego sptywy z terenéw utwardzonycktowane g jako
scieki, natomiast sptywy z dachéw budynkéw traktowam jako wody czyste i mma je odprowadzado
srodowiska bez pozwolenia wodnoprawnego. Dane ftiteowve wskazuyj jednak na madiwos¢ znacznego
wzbogacenia wody deszczowej w czasie kontaktu zyp@m dachowym. Badaniami @bp 24 dachy domow
jednorodzinnych lub matych budynkéw pejeych funkcje siedzib firm handlowo-ustugowych. Jaloodo bada
uzyto wody opadowej zebranej w dwdch losowo wybranyolkejscach na terenie obszaru hadBadania
przeprowadzono na terenach o niskiej antropopredjy jak najlepiej uchwyéi wptyw rodzaju pokrycia
dachowego na ksztattowanie: shemizmu wéd. Obszar badalokalizowany byt we wsi Lustawice w powiecie
tarnowskim, wojewd6dztwo matopolskie. Badaniamigtijdachy najogciej wystpujace na badanym terenie:
dachowka cementowa, dachowka ceramiczna, pokryitiemizzne, blacha ocynkowana, blacha miedziana,
a take eternit. W badanych prébkach wéd oznaczono za$¢awapnia, fosforu, magnezu, sodu oraz potasu.
Dodatkowo oznaczono wakb pH wody oraz przewodré elektrolityczry. Wyniki przeprowadzonych bada
wskazug, ze woda sptywajca z badanych dachéw widym przypadku zawierata gkisze ilgci analizowanych
pierwiastkéw w poréwnaniu z waddeszczow, przy czym na przykladrednia zawart® magnezu w wodzie
splywapcej z dachéwki cementowej byta prawie dzjemikrotnie wiksza ni w wodzie deszczowej,
w przypadku dachowki ceramicznej bylo to prawie &yr wicej, natomiast woda z pokrybitumicznych
zawierata okoto 3 razy wtej magnezu, natomiast woda z blach ocynkowanepgkanej zawierata okoto 6 razy
wiecej tego pierwiastka w poréwnaniu z wjodleszczow. Takze w przypadku pozostalych pierwiastkéw
najwieksze wspotczynniki wzbogacenia odnotowano w wodaghokryt cementowych (dachéwka i eternit),
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nastpnie z blach ocynkowanych i powlekanych, a najnsziejwzbogacenie odnotowano w wodach z dachow
o pokryciach z dachéwek ceramicznych. Odnotowankzetazwikszenie si wartdici przewodnéci
elektrolitycznej w wodach z dachéw o pokryciach eatowych, blachy ocynkowanej oraz dachéwki
ceramicznej. Wszystkie splywy z dachéw odznaczatgeneralnie wiksz wartdscig pH w poréwnaniu do wody
deszczowej; najwkszy odczyn - okoto 8 - stwierdzono w wodzie z dagki cementowej, nieco #mszy, okoto
7,0, w wodzie z dachéw z dachéwki ceramicznej chjamiedzianej. Wartg pH wody blachy powlekanej byta
nizsza nk w wodzie deszczowej i oscylowata w granicach &8czyn deszczéwki wynosit 5,94.

Stowa kluczowe:zbiorniki wéd opadowych, zanieczyszczenia wodylywsp z dachéw, séd, potas, wap
magnez, fosfor



