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{Firer recﬂ:d Judy 1988 docepted in revised form Jousxy | 989)

Absirast—The quality of mimwater from m Sile amd & galvamized-iran 1ype roof carchmends were analysed
over 2 parlod of 5 months. Exmmination of siaggered [ litre semples collected during & caimfall cvent
showcd that the concentration of variows pollutants were high in the firet Litre but decreassd n

samzplss wilh [pw exceptions. Faeeal coliform and 101l cokformn counts ranged irom 3-11 (1ike roof ') amd
4-£ (Iron roal) w 4173 [dle roof ) and 2553 (icon roaf) colonics per 100 twl, resprctively. However, na
faecal colifarms were detected In (ke fowrth and 8t litve semples from botk raofy. The pH of rainwater
vollected from the open was aeidic bl increased alightly afier falling on the roofe. The average zimc
concenirations in the rwi-ClE from the galvanized-mron roof was about 5-fold higher compared 1o the tile
roaf, mdicaiing leaching sction but war well baow the WHO litsls for drinking waicr quakty. Lead
conccolrations remuined cantistently high in all sampies calleciod and zxceeded the WHO guidelines by
a fctor of 3.5. For the roof area studied, & "foul fush™ yolume of $1. wanid e the minemim 10 cafeguerd
sptingt microbiclogical coetamiation but 1he bigh ruetals comlcnt in the water indicate the need Tor some
form of tremtment. Rainfall imensity snd the nunsbee of dry days preceeding n rindall event sigeiflenmly

affects the guallly of run-off warer from the ewtehreent wysteme.

_Kﬂa words-—rainwalcr qualicy, water mirohiology, coliforms, ssinwsarer harvesting

INTROEHICTION

¥Yatous low-cost technologies for water supply
heve been developed with the amm of spplying saft
ard wholesome water to people in rural sreas, In
Malaysin, the variety of sysierns in ose include the
pravity-feed piped waier nystem, the pumped piped
smter supply system, the hydraulic-ram piped water
npply symtam, the well water supply wyilem, the
minwater fupply systern and severs! others, Rain-
wiiler supply in considered In arcma where no other
Ritable yources are available. Rumwater iv collaceed
from the roof run-off and siared in appropriats water
tanks If carefully collected, raliwnicr i relatively
mie lor domesiic use dul problema may arie il the
roofa become heavily conteminated due 1o settle-
ment ol pollutanis from the armosphers and abso
fram animal droppings. Hence, participants involved
in rainwater hurvesting schemes st bo mads Tudly
Ewite of the héalth consequences of the micro-
bological, organic and mineral comamination In the
fun-off water which they are collecting s to fake
Aporopriate measares 1o avoid sloring contaminated
Wwatsy in Lheir sysleme.

This research addresses ils<lf 10 the variations in
Ne-aff water quality from raof rainwater catchasent
Tytiems. The focus is to determine the quakity of the
leliial nm-off during a rainfall everd pnd 10 identily
1 suitable “foul Aush" wolume before the water In
Sonsiderod yuitable for storage.

MATERIALS AND METHODS

Roof types end lacatien

Two lypes af toal euchraenic wers svalunied, ie &
palvazized-ran ool and & concrete tile mef. Baih caxch-
ments are sited about 1kw apart gnd Jocded about 3 hm
wwmy from 2 major public highway near the University af

ture carnpies p! Sevdang, Selungor, Both calchmenis
Mudure approx. 5 ¥ 1™ with no tree wwhansing
them. The galvanlmd-iron rool’ catchment (Roof 1) i
locaied In Uh campus while tht tile ronl catchient {Roof 3)
I focaled in a houting e=tate scjacent to the cxmpus. The
guitcr and minwaser collectlon rvitems were conmructed of
polyvinylehloride {pve) maicrnl,

Sampling 1rriems

A snggared rrinwaler collectkin syvism wa1 conmrscted
to eodiacl T litne alijuoty of ruc-off rairvwerer from the
eoof catchwanls s akawn in Fig, 1{s). Altogether, fhe
1-4itre Duras, battles were linked via pve pipieg 10 collect
the rainwater mmplst. Each boltle alno contmined 2 plng
pong ball b bock the moalk of the bortle us It Alls wp
[Fig. (b} and the sien pipc way tilled 5° upwards at
I.huppuruﬂmhulppr:mtmmﬁmmmringh
later mpling betdes during & rainfall evant. All sumpling
boules were merilized by mowoclaving wiht the ol
Attings were disinfecicd by immecsicm in haoiling water for
19 min.

Ruinwater vas alto collecied from I open at & height of
one metre from the groumd ss comrol. Sampliing was carried
oul from September 1987 o Janusry 1%R, The number
of dry dayx precesding each ealilall event wias namndoed
togrther with the rainfall intensity durlsg the lirst [ win of

rain, Olher melereclogical parameitn werz ohiained Froan
A rezording siation in e campua.



Th

Aradysis

The following parkmelers were amalysed for ench momple
of ramwiter collected: pEH, lemparatury, coaductivity, todnl
sotids, dissolved sohids, suspendal sobids, lurkidiy, leecal
cllforms, 1ninl coliforms, ek caunts and lead and Znc
concémtritions, inlopcal enumemtions were camied
cul by (e membrans flirtion tachnbgue uslng Tespel broth
rSartorius) for feccal coliforms, MoConkey sgar No. 3
Dacid) For toin]l colifoons and yead extracl sgur for
ke plale counly. Al analysss were carried out following
Stamdard Methods For the Exorinaiions of Waler and
Wastewater (APHA, 1980],

REBULTS AND DHSCLISSHMNG
.

Rainwarer qualiry

The minimum, maximum and average valoes of
the various parameters for rmimwater collected from
the open are shown in Table 1. Comparison with the
World Health Organization (WHOQ} Drinking Warer
Quality Guideliner {Aopn, 1984) indicate several
deparlurés, the mosl notabk being pH and kead
concenirations. The svecape pH of 5.9 is much lower
than the sange of §.5-9.5 quobed sy the WHO puide-
lines for drinking water quality. Only 2 samples
(8.3%) collkeeted conforned to the pH requirements
tor drinking waler quality. The average lead concen-
tration af 200 gl is 4 limes greates than the WHO

lat

_ From roof gutter

M. L. Yazct ot of.

limit for drinking waler quakity {S0pg/d). Only 5
samples {20.9%) contained < 50 ug/l lead. The high
lend concenirationy in the reinwaler could mos
probably be sliriboled 10 & “wash-put™ effect of
particulale lead in the strooaphers. This is because the
stucly sites are located in n valley with limited dinper-
gon charscterisiics of aunospherlc pollutenis and
sha their close proximity to » major highway which
could contribute to the particulate bad concentration
in the air via mator vehicle exhaust emissiansy,

In genersl, the average values of the other par-
ameters are in clos agreement with the WHO
puideliney. The dissalved solidy comeenirations and
furbldity values were much lower than the mude.
tine values while the baciericlogical 1ed resulis
showed rro conlamination for bath, total and faecal
califerme.

Ratwwarter qualify from roaf cotckmenis

The averspe valurs for minwater quabity ohizined
from the galvanized-iron (Roof 1) and concrete Lk
(Roof 1) roof caichmenis are shown I Tables 2 and
3. respectively. Except for zinc and lead cotcen-
trationy, all the other parameiers showed 3 decrens
in conceniration in conkecutive 1-litre minwater
samples collected. The Zne concentrations in the

sampling bottlse
(Ron . =5)
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" Roofl run-off ouimrersder quadity

Tablc |. Rainwaur qoalily collscied from opan greund

Parirsset EindL

T163

Mmmum Miximum Aveope n

LE 6.5 42 4

Tem C 1.0 nhy s H
Condurtivily ASfom 6.5 ELY ] 1Ly ko
Turhidity NTU EL | L] Ll o
Tatal ol mafl 104 A 40 k)
Suspended molids myfl - 44 354 114 o
Diwched kolkdi mwiafl e 10.0 74 M
Fancal col. {100 ral L [ a b
Total ol Flo0ml o [ a rl |
Plate caunn x 10 /100l 5 W L’ | M
finc »d 11 80 u M
- Lasd uat 0 510 00 4

water collected from both coaf types showed a rise
up to the 1hird litre sample buldecreased sharply in
the fifih litre sample. The kesd concentration in the
waler mmpks collected fwm Roof 2 incremsed
sherply Fromt the ficst b0 the third litre and then el
markedly 10 189 gg in the fifkh lLitre sample. For
Roof 1, ithe Jesd concenirations rose from 235 ugil
in the fics litee to 254 ugfl in the second litre but
gradually fell in the later samples to 145 p g, During
the sty period, the aversge rinfall intessity was
71 mm/h with an average dry period of 1.6 dap
between rainfall events.

In general, il is difficult 10 compare belwesn ool
types but sn evalustion of the water quality in the
fifih litre pamples showed relntively better quality
waler from Rool 1 compared to Roal 2. However,
the initin] water qualily was wlso markedly better for
Roof 1. The values for turbidity, suspended solids
amxl conductivity were appreciably muoch bever For
Roof | compared o Roof 2. These observations may
be attributed 1o the nature of the reof sorfeces ie.
microscopically, the “coarser™ surface of the tile roof

allows for bester deposition and enirepmeni of pollu-
tanis from ihes atmpsphere compared to the relatively
" moother” galvanized-icon roof. Thus dering & rain-
fall event, the amount ol wash-out rom Roof 2
would be greater compared to Rool 1, given sithikar
rainfall conditions.

The avernge pH valuex incremsed from 59 for
caiwater to 6.6 and 5.9 in the initial run-offs from
Raofx | and 1, respectively. This effect may be due 1o
the presence of bavie particler which had accumulated
an the rood surfaces such as orgaoic debris, clay and
mineral particles. Mo significant changes in terper-
Ture were gbaerved but the ro-ofl water samphes had
marginatly higher temperatiures doe mosi probably to
the hot rool surfaces prior to a mindall evenl. Tie
teaulls mlso shaw that some dissolution of zinc prob-
ably oocurs from Roof 1 but the concentrations in the
Gith litre samples were well within the WHO bmit of
3000 p gl for drinking water quality. The higbesi zinc
corcenication recorded in n sample was 1748 g/l

In general, the bacteriological quality of the water
improved in subsequent samples collected From both

Table 1. Avarsgs rmlnwaier qualily frorm Roof i | (2 mnplo)

FPamrscter Uk n 52 LX) | 84
pH _ 6.6 84 X3 B2 &4
Tempemure e H.1 8.1 Ay Ho na
Confuadivily Al 740 153 11 mJ n?
Trrbidiy WTU 2 1] 13 12 L]
Totul sdishy mpf 19 104 ™ ] ]
Suapended sollda mpsl #l 1l 7 5] 2
Dilasohved. sodidy mpil a M n 13 13
Fascal eol. 100 mi - 1 L) L] 1]
Towd enl, J100 i L. & 41 i 25
Plaie counie = 19 jtoaml kH L] i) 1 1n
Zine s M) A "o L] o
Lewd L pLL 254 194 164 145
Tablke 3. Averags mainweter qualily rom Rogl typw 1 (39 samph)

Paramnisr Uk 1] 52 X1 3% -+
rH L1 44 [ 1] L.y LE]
T L™ %1 .1 F- N8 81 Al
Cotwdyptivily uSiem 1352 121.3 04,7 et 56.3
Turbidity MNTU M L5 41 1} H
Total solids mgsl nd 1M s 130 116
Suaperwded sotids gl 153 111 (F3] 106 o
[Haaplved solbds )] L L} I Iy n
Fuccul onl. {130 ml 13 1 | 1] a
Total cak. f100ml 13 4 2 - L]}
Plula counta ® 107 /180 mml L] L] - - L]
Zne st # " )] " %
Lemd MRt 102 213 27l FEF] i1
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reol types. The farcal coliform county ingreased in
the second litte froms Roof | bt el ahasply in the
third Sire anid was nol detected in the fourth and fifth
litre samples. Simikariy, the total coliform poumiy
ingreased and then decreazed in the st two litres of
weter analysed but theic numbers were markedly
higher and were detecied in all sanaples. For Roof 2,
the bacteriological tests yiekled similar yesulty but
no increases were recorded i the Inter samples.
The plaie counts showed that bacieria were always
present m the wir amd on the rool surfaces.

Roinwoler gualily ard dry periodr between ramfall
#vents

Table 4 shows the changss in gater quality in
relntion e the number of diy days betwetn rainfall
gvents. For this purposs, the data were selected 1o
show changes inm weter quality for & few chasen
parapwters within a range of dry day perinds in
belween cainfall events.

In general, & positive elationshdp was obastved
between the concentration of Lhe various pollutants
in the run-pff water with the dry period in-betwetm
rainfall events. This can be seen in the increpss in
pollulami concemirations from both roof types as
the dry-period increases. For example, the tarbidity
values for the water from Roof 1 increassd fram 16
10 27 i g/l when the dry pariod increased and mached
fore than 2-fold when the dry period io-between
rasnfall events became bonger. Similardy, the plate
counts from bath rool types showed maore iniense
contemination s the dry period becoms longer.
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" Tabk 4. The effoct of dry pariods on changes iy trinwaier qonlity
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F 3 a.51.5 £l Li F1) 12 15 3
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Variations i roimwater quality agamst  roinfall
intensity

The dain in Table 5 show the effect of minfall
intenxity on the quatily of rainwater from rool caich-
ments baving gmilar dry periods in between rainfall

Tubk 5. Eficcl of minfall nisnaliy on raineawr qealicy

Rainlall Sanples
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" Roof ru=ofT minwater gnalily

events. Rainfall antensity plays & major rok in the §

“cleaning™ process of a roof catchment. Lnder nor-
mel circumstances, ithe greater the minfall intensity,
1he more efficient ix the clesning process doe 10 the
preater energy preseit in tbe raindrops on iu impact
with the oof surface. This will lead 1o preater and
faster dislocation of paliutents trapped on the roof
surface into ihe ruo-off walber.

In examining Lhe date, no firm conclusions could
be made if Lhe concentration of each pollulant was
compared in relation 10 Lthe mainfall intensity. This =&
because it is difficull 1o assume » uniform distribution
of dust in the air during the ssmpling period and even
moee difficult to assume that it will seill& evenly on
the rool surfaces withoul supporting data. Thus the
offect of rainfall intenaity will be examined by it's
effecl on water quality. For tacal salide, it can be seen
that the reduction in canceniration frotm the Grat Libve
to the BRh litre bevame more pronounced as the
reinfali indensity increamd from 3 to 152 mm/h for
both, Roofs | and 2. Similar changes were alse
observed for the piate count resubs but {3 more
difficuil 1o explain since lhe combioed wash-out
caunts are lower lor Lhe higher inlensity period.
Nornctheless, the “cleaning”™ effect appears to be more
efficwent on the galvanized-iron rool than the rile roof.

DONCLLUSIONE &

The deposition of various pollulanes from the
aimosphere onto roof susfaces during a dey period
greally influerces the rur-off water qualily from &
ol catchment systems. The longer the dry period in
between minfall events, the greater is the amount of
potlutants deposited on the roof surfaces ae shown
by the inciease m polluianl copceotralions in the
waler samples taken from Roof types | and 2 in his
sludy. Rainfall intersity alvo afects the quality of the
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run-off, i.e. the wash-put process occurs Faster far
u particular rool surface with increases in the eain-
fall intcnsity. This reduces the foul flush volume
and water may be sored afler a sharter “cleansing
pericd™. Similar resulis were obained by Wheeler
and Lloyd (1983). Although the micrabiolpgical
quality analysis showed that no fasval coliforms were
deieciable sfter the Bfth litre (l¢. 2 minimum lfoul
flueh volumme ol § 1. is necesaary) Lthe presence of high
levels of total coliforms snd plate counts suggests
that cawion @ needed in selecting a xuitable foul
frush volume before capturing the ruo-ofl water for
morage. Due o the varshbility in counts, furtber
studics arc nesded on 4 longer time imierval aking
fnto accound the level of microblalagical contamiom-
tion agaiost durstion of rainfakl and the effecis of
rainfall Intessity. The Jow pH of the minwater ¢ven
afier falling over the roofy show that the pH values
aften fie below the requirements of the WHO guide-
Yines on drinking water quality. In addition, the acid
main appears 1o have caused some kenching of zinc
from the galvanized-iron rool. The high kst concen-
tations in the water is alarming since il was nearly
4 limes higher than the WHO puideline values. All
this suggests that some form of treatment of the
muiowater havesied from these locations ix neceseary
before it can bo used as a source of patable water.
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