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Abstract

Bacteriological and physico-chemical water quapgrameters were measured in rainwater
from 10 harvesting tanks, belonging to two typesahwater harvesting systems (outside
tanks for garden watering and underground tank&dtin outdoor and indoor uses) in ile-de-
France area (France). The presence of fecal cwmifoenterococci,Pseudomonaspp.,
coliforms, total flora at 22°C and 36°C and totalAR) direct counts showed a
microbiological contamination in water and sedimsamnples for both tank types. However,
the harvested rainwater quality suited some exjstimter quality guidelines for different
non-potable purposes (bathing water or reused watt€). To our knowledge, the presence
of microorganisms in sediment compartment in rabewharvesting tank has been studied for
the first time here. Results showed that the sediroould be a reservoir of re-contamination
for some microbial species, which would surviveha sediment and may be resuspended in
the water column. In parallel, physical-chemicalrgpaeters (temperature, turbidity,
conductivity, pH and dissolved organic carbon) oflected rainwater were found in the
ranges reported in the literature. Algal bloom&@pally green algae, occurred in the outside
tanks during spring and summer as shown by the kigbrophyll levels (the highest
chlorophyll content reached 209.8 pg/L with a watét of 9.37). Nitrate and phosphate
concentrations in water samples were low (respelgtiess than 5 mg/L and 0.5 mg/L) but
high enough to support the development of microwisyas and especially photosynthetic
microorganisms in the outside tanks. The difficutiyevaluate the microbial quality of roof-
harvested rainwater due to the lack of suitabldityustandards is underlined. Depending on
the usage of the harvested rainwater, some treédmeay be needed to get a better microbial
quality and direct measurements for pathogens magldo needed to establish whether or not
such harvested rainwater is safe for different $ypleuses.

1. Introduction

Harvesting and stocking rainwater for households usEromes popular in France, not only in
rural but also in urban and suburban areas. This Region and its neighborhood (ile-de-
France area) is no exception to this trend. Theldld-rance area is the most populated region
(11.6 millions) accounting for 18.5% of the popidat of France and the most densely
populated (966 residents/kpof France. There are an increasing number ofiiddal houses
equipped with tanks to harvest rainwater. Hardeséénwater is used for garden watering,
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floor and car washing or other advanced uses tkettflushing, laundry washing and some
other advanced uses. But little is known aboutst@tary risk it represents. Microbiological
and chemical quality of roof-harvested rainwateuldobe impaired by animal droppings,
moss, lichens, windblown dust, and particulatesftoban pollution. Knowledge on quality
of roof-harvested rainwater and its evolution inkis could help to prevent potential risks
associated with its different uses. However, fewadancern the microbiological quality of
roof-harvested rainwater in France.

Our research project aims to measure the physheahical and microbial quality of collected
rainwater and to evaluate their evolution dependingtoring type and use. Two case studies
will be discussed: the outside tanks for outdodlization and the underground tanks for
outdoor and indoor utilizations (toilets flushirlgundry washing and other advanced uses).
The presence of fecal coliforms, enterocoBseudomonagoliforms, total flora at 22°C and
36°C and total DAPI counts will be analyzed in ttypes of samples collected (water and
sediment). In parallel, physical-chemical parangefemperature, turbidity, conductivity, pH,
dissolved organic carbon (DOC) and chlorophyll eaik of collected rainwater will be
monitored in order to understand the evolution me@m of water stored in tanks.

2. Description of the region and categories of tank

fle-de-France area has a temperate climate apudtspitation is close to 600 mm. A total of
ten individual houses were chosen to conduct athpiiag campaigns: five houses in
Champigny-sur-Marne (Val de Marne, France) and Feeses in Chaumontel (Val d’'Oise,
France). These sites represented interesting nsitdekions for evaluating rainwater quality.
In Champigny-sur-Marne, the county administratinstalled uniqgue model of outside tanks
in 30% houses for roofs rainwater harvesting. Ira@hontel, all houses of a recent block
were equipped with an underground tank. For eatdgoay of tank (outside or underground),
all sampled houses uniformly endured the same weatindition during sampling period.

For outside tanks, rainwater was harvested in a year old model of 800 litters made of
polyethylene high density — PEHD for different cad uses. For underground tanks, two to
four year old PEHD models had volumes varying fr8r@00 litters to 5 000 litters and
possessed a screening box at the entrance. Theskedwainwater was used for outdoor use,
toilet flushing, laundry washing, bathing (in oneuke) and swimming pool filling (in one
house). All houses possess a tiled roof which veagleaned and chemically treated.

3. Materials and methods

Rainwater sampling was processed after cleaningtdpethree times with ethanol. The
sediment was sampled using the Sigma SD900 Po&abteler. A plastic pipe was inserted
into the tank to reach the sediment which was silitkethe pump and collected in a sterile
plastic tube. For outside tanks, sampling camparggre carried out in the period from April
to October when harvested rainwater was frequargd. For underground tanks, samples
were performed in the period from December to Fafyru

The physical-chemical parameters were only perfdrire rainwater. Some parameters
(temperature, conductivity and pH) were measuredsitu by using the WTW Multi

340i/SET. Dissolved organic carbon concentratios ewaluated using al1010 O.l.Analytical
total Organic Carbon Analyzer. Nitrate and phosphabntents were estimated by the
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Palintest Photometer 7000se, after sample filinaba Whatman GF/F membrane (0.7 pum
pore size, 47 mm diameter). Turbidity measuremess werformed by the HACH 2100p
turbidimeter in the laboratory. For rainwater saespbf outside tanks, the chlorophyll content
was measured using Lorenzen method and performedhéyJASCOFP-750 spectro-
fluorometer and the PERKLIN ELMER UV/VIS Spectrometambda 11.

For bacterial parameters, all samples (rainwatdrsaaiment) were collected and analysed in
sterilized equipments. The samples were transpamtedol isothermal boxes and processed
within 24h. Fecal coliforms and coliforms, intestirenterococci andPseudomonasvere
analyzed by membrane filtration following the imational standard methods ISO 9308-1,
ISO 7899-2 and ISO 16266 respectively. Results vesq@ressed as colony-forming units
(CFU) per 100 ml of sample. When necessary, dituivas done to reach a countable number
of colonies on plate. For culturable microorganistie standard method I1ISO 6222 was
performed by counting the colonies formed in nutriagar medium culture after aerobic
incubation at 36°C and 22°C. Results were exprease@FU per ml of sample. Total cells
were directly counted on black polycarbonate ft€0.2 um pore size) by fluorescent
microscopy after staining with’,46-diamidino-2-phenylindole (DAPI). All parametensere
evaluated over a total of at least five houses. rédlults were statistically analysed using
PAST software 1.88 (Hammet al, 2001).

4. Results

4.1. Physical-chemical parameters measurements

Results for physical-chemical parameters of raiewfiom outside and underground tanks
showed high variability between houses and tanddslgt1l). The temperature of rainwater
stocked in underground during winter sampling cagmsawas around 8°C. The average pH
value measured in rainwater of outside tanks was ladse level, 8.67 (7.64 minimum and
9.38 maximum), while the average pH of rainwatemfrunderground tanks was lightly
acidic, 6.21 (5.49-6.8). The nitrate content wathiwithe same range in both types of tank.
The average amount of chlorophyll content in rait@vdrom outside tanks was 57.4 pg/L
(0.3 minimum and 209 maximum).

Table 1: Average levels of physical-chemical par@nmseof rainwater measured from outside
and underground tanks (orresponds to the number of samples; numbersaianghesis
correspond to minimum and maximum values)

Outside tank Underground tank
Physical-chemical parameters N=6-9 N=5-6

pH 8.67 (7.64-9.38) 6.21 (5.49-6.8)
Conductivity (uS/cm) 34.29 (10-80) 50.2 (22-88)
Turbidity (NTU) 2.96 (0.95-6.20) 1.31 (1.06-1.69
DOC (mg/L) 1.93 (0.5-4.55) 1.09 (0.73-1.61
Nitrate (mg/L) 2.29 (1.29-3.90) 2.67 (1.26-4)
Phosphate (mg/L) 0.23 (0.12-0.34) 0.068 (0.020.1

4.2. Microbial analysis
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Results for indicator of faecal contamination amiclt DAPI counts of rainwater and sediment
from two types of tank were presented in table &. éutside tanks, the average means for
each indicator bacterial group (total coliformscde coliforms and enterococci) were
respectively 303, 2 and 2 per 100 ml for rainwated 24004, 67 and O per 100 mL for
sediment. The presence$eudomonaspp. was high in sediment (table 2). For undergto
tanks, the rainwater was characterized by an aeemagan level of 373 cfu/100 mL for total
coliforms, 31 cfu/100 mL for fecal coliforms and2.6fu/100 mL for enterococci. The level
was high for sediment samples: 19041, 667 and 61@D mL for total coliforms, fecal
coliforms and enterococci, respectively. The presesfPseudomonag/as very important in
both rainwater and sediment. The total DAPI coumisvat the same range of rainwater
sampled in both types of tanks. Overall the comegion of microbes was generally higher in
sediment than in rainwater whether outside tanksumderground tanks. We found a
difference in the level of total coliforms, fecalliforms, culturable microorganisms at 22°C
and culturable microorganisms at 36°C between raiewfrom outside tanks and from
underground tanks.

Table 2: Average levels of faecal indicators artdItDAPI counts of rainwater and sediment
measured from outside and underground tanks (regomonds to the number of samples;
numbers in parenthesis correspond to minimum andrmuen values).

Outside tank (n =5) Water Sediment
Coliforms (cfu/100mL) 303 (0-1700) 24004 (0-144000)
Fecal coliforms (cfu/100mL) 2 (0-7) 67 (0-200)
Enterococci (cfu/200mL) 2 (0-10) 0

Total flora at 22 <C (cfu/lmL) | 1280 (420-2330) [327500 (23500-888000)
Total flora at 36 C (cfu/lmL) | 1528 (170-2880) | 32167 (29000-36500)

Pseudomonas spp. (cfu/200m 87 (3-240) 3233 (0-10000)
Total DAPI count (x106 cellsi/m{ 1.4 (0.6-2.3) 104 (36.5-234)
Underground tank (n = 5) Water Sediment
Coliforms (cfu/100mL) 373 (75-875) 19041 (3000-54833)
Fecal coliforms (cfu/100mL) 31 (3-127) 667 (0-1217)
Enterococci (cfu/100mL) 109 (0-282) 61 (0-167)

Total flora at 22 T (cfu/lmL) | 374 (21-1291) (102693 (13135-436364)
Total flora at 36 T (cfu/ImL) 201 (41-467) |187025 (12727-860000)

Pseudomonas spp.(cfu/100ml 1618 (11-7567) | 81210 (4636-324324)
Total DAPI count (x106 cellsi/m{ 1.6 (1.2-2.1) 53.8 (6.8-103.0)

5. Discussion and conclusion

The importance of individual houses in lle-de-Frar{about 30%) makes this region the
greatest potential for development of installatiohsainwater collection systems. In France,
harvested rainwater is used not only for gardereswaj and floor cleaning but also for toilet
flushing, laundry washing and other advanced usethis study, harvested rainwater of all

NGUYEN-DEROCHE:et al, 2011. Quality of roof harvested rainwater fronubes in Tle-de-France area, 4
France.



15" International Rainwater Catchment Systems ConéereMarch 28—April 4, 2011, Taiwan, R.O.C.

our sampling sites is not used for drinking purpoSence there is no standard for the
microbiological quality applied for harvested raeter, the comparisons of rainwater quality
between studies become difficult. We thus compaevdsted rainwater quality to some
existing microbiological water quality levels reced in France and Europe for potable and
non-potable uses and some examples of rainwatdityqfar toilet flushing (in Canada,
Japan, Germany, United Kingdom and United Statedheérica) (table 3).

The high level of pH around 8.67 of rainwater hated from outside tanks could be due to
the algal development throughout the photosynth@&siis phenomenon was confirmed by the
presence of algae and high content of chlorophythinwater. In one outside tank where pH
was 9.37 and the chlorophyll content was 209.8 pg# observed the green coloration of
stocked rainwater. This chlorophyll content washhig comparison to the one found in water
from the trophic lake (2-90 pg/L; Thiemann and Kaahn, 2000). The algal development
could be promoted by the elevated level of tempegaand light because all outside tanks
were installed along the house wall and withouttgmtion against the sun. Algal blooms
occurred in outside tanks during the spring andreamas shown by the chlorophyll levels.
The cyanobacteria were always under representeithiyngaeen algae dominated the bloom
(data not shown).

Table 3: Summary of microbiological water qualigguires for potable and non-potable use

Drinking water Bathing water Reuse water Examples of international
Indicators French minister's European directive French minister's microbiological water quality
order (Jan/11/2007) (CE/Jul/2006) order (Aug/02/2010) criteria for toilet flushing
o% (US)
0" (UK)
Escherichia coli 0 900* <25 10° (Japan)
100 (Germany)
200 (Canada)
Intestinal enterocot 0 330*
240" (US)
Total coliforms 0 500 (Germany)
10° (Japan)

* 90th percentile evaluatioff;U-S Environmental Protection Agency, 20848irks et al., 2004;
¢ Canadian guidelines, 20dj7900d quality level of reuse water for irrigation

The average pH of rainwater from underground tamés slightly higher than the level of
ambient rainwater (5.9) measured by Mendeal. (2011) showing that tile-roof runoff and
stagnation in PEHD tanks only slightly changed pkt Conductivity remained at low level
in both types of tank which showed that harvesigitiwater was not very charged by
dissolved salts or other impurities from the tid®f;, gutters and pipes. Turbidity seemed
more acceptable in rainwater harvested from undargt tanks compared to outside tanks,
being below the values were reported by otherast(il0-56 NTU by Yaziet al.,1989 and
5-35 NTU Mendezt al, 2011). DOC was found in low levels in comparisath literature
results which varied from 2 to 56 mg/L (Mendetzal. 2011, Yazizet al. 1989). The nitrate
and phosphate contents were also low but this lefetitrate and phosphate were high
enough to support the development of microorganisand especially photosynthetic
organisms in the outside tanks.

The average of each indicator bacterial group I(ta@liforms, fecal coliforms and
enterococci) measured in rainwater in both typesaok was found in ranges reported in
previous studies (Saviét al, 2001; Simmongt al, 2001; Vasudevaat al, 2001; Evan®t
al., 2006; Evanst al, 2008; Vialleet al, 2010; Mendezt al, 2011). These levels all
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exceeded the mean guideline for drinking water psepbut it was below the level of
guidelines for bathing water and reuse water (t&8pld he average of total flora at 22°C and
36°C was within the levels found by Rosillet al. (2007) an Amin and Han (2009) but
remained low in comparison with the levels found Siynmonset al. (2001), Birkset al.
(2004) and de Gouvello and Noeuvéglise (2007), destnating the importance of other
external parameters on the evolution of water casttipn (i.e. rain quality, geographic area,
tank composition, intrinsic bacterial flora...). Theesence oPseudomonasbserved in our
study remained lower than in previous reports (dbd Aghogho, 2000; Evar al, 2008)
even for sediment samples. The levels of totalf@wiis, fecal coliforms, enterococci and
total flora at 22°C and 36°C found different betwemitside tanks and underground tanks
could indicate the role of environmental conditionghe survival of these microorganisms
however the samples were collected at differerd@esg which made difficult to compare the
two kinds of tanks. The level of faecal indicatoesnaining lower in outside tanks than
underground tanks supposed that this could be eeduc such condition. In our case, we
thought the variation of temperature, high pH amel presence of microalgae could play an
important role in reducing these microorganismsweleer, the total flora at 22°C and 36°C
remaining lower in underground tanks than in owdi@hks could be due to stable and low
temperature in inside of this last one. Although lvels of total flora at 22°C and 36°C were
changed, total DAPI counts were comparable in bgples of tanks. This indicated that the
different environmental conditions in two typestahks changed the microbial composition
in stocked rainwater. For the first time to our Whedge, the presence of microorganisms in
sediment compartment in rainwater harvesting taak been studied. We observed a
correlation between fecal coliforms aRdeudomonaspp. densities in sediments and water
supported the hypothesis that the sediment compattncould be a reservoir of re-
contamination for some microbial species which wasdirvive in the sediment and may be
resuspended in the water column. However, we neerk rdata analysis to confirm this
statement.

Statistical comparison between the physico-chenaaal bacterial parameters did not show
significant correlation ship between nitrate cohtmd bacterial parameters (data not shown).
No solid conclusion could be made if the higheraté content is correlated with higher
levels of some bacterial parameters. Further aisalyish more samples is needed in order to
establish a better understanding of the correldtietveen the parameters in rainwater and in
sediment and between the physical-chemical paramed@d bacterial parameters in
rainwater.

In our study, the harvested rainwater was used fonlpon-drinking purpose. In general, the
microbiological analysis of harvested rainwaternseg in accordance with some existing
guidelines for non-potable uses. Faecal indicappesence could indicate animal dropping
contamination; however these indicators could ndicate the presence of human pathogens
and especially environmental waterborne pathogesh ss legionella or non-tuberculous
mycobacteria and parasitic protozoa. So, it coeldndequate to use the indicators of faecal
contamination for roof-harvested rainwater quahtlyich is not probably polluted by human
waste contamination. Moreover, it is very diffictitt confirm whether such roof-harvested
rainwater has a good quality or not if we could @ynuse some existed standards for other
types of water such as bathing or reused wateiis. Stowed that there is a lack of a suitable
standard for roof-harvested rainwater quality cgponding to different uses. We also need a
harmonized standard for European community for rita-harvested rainwater quality in
function of its uses. The chemical analysis an@dtiidentification of pathogens may be
warranted to establish whether or not such hardesiewater is safe for different uses.
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