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Abstract

The coliform count on the stream water studied was high. The
pater is a dir"ct source of drinking water to some rural 

"o--rrrrities. 
A

previous study established that about 100 ppm of chlorine in the form
of chlorox was sufficient to bring the coliform Most Probable Number
(MPN) from about 11,OOO per 10oml down to within allowable stan-
dard of one per 10oml of water sample. There is some concern that
turbid water contains organic matter which when chlorinated could give
rise to forrnation of cbloroform and possibly other chlorine-ba.sed com-
pounds of the trihalomethane family which conceivably could be
carcinogenic. This prompted design and contruction of a simple system
of turbidity removal and chlorination. With this system the required
chlorine dosage even wenr down to about 5O ppm.

Introduction

In ah earlier work, Ogedengbe and Adeniji (1978) presented the
results of an investigation in which some rural water supplies and the
people who used them were studied. It was found that the coliform
count Most Probable Number (MPN) in these stream waters and
shallow wells ranged from 2,100 per 100m1 to 11,000 per l00mlin
comparison with the World Health Organisation's (WHO's) allowable
count of one coliform per l00ml for potable water. The authors
furhter presented some hospital records which showed that the
users of these water supplies frequently suffer from (and some-
times die of) water-borne diseases such as guinea-worm, typhoid,
cholera, dysentry, infectious hepatitis and gastroenteritis.

Following these water-supplydisease. inter-relationships in the area
of study, the authors used liquid chlorine in the form of commercial
bleach - ( ctrlorox ) to treat the water, and found that by adding
about l0 tablesponfuls of chlorox into a 10 liter jar of the water, thb
coliform munt then consistently met the WHO standard.
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The present study introduces a new dimension to the p:oblem of
rural water supplies presented in that study, namely, the concer!
that whereas the addition of chlorine to the water will bring the
coliform count down and possibly reduce occulTence of water
born diseases, it could give rise to formation of a number of chlorine-
based organic compounds which could be harmful to humans.

In the past few years there have been some serious discussions
at conferences, seminars,^ as well as some published and unpublished
bulletins and papers on the potential carcinogenicity of chlqri-
nated organics in water supplies meant for human consumption.
Dallair (1977) has presented a documented review of condittons of
finished waters in the United States, especially in relation to the
p{tssence of chlorinated organics in drinking water and against the
background that these substances could cause cancer in humans..

ln a review of European water treatment practices, Miller and Rice

U977) looked into the problems of organics in water, and showed
a special interert in the tendency by European water rechnologists
to use disinfectants such as Ozone, chlorine and activated carbon in
contrast to tI.S. water works in which chlorine is the major water
disinfectant used.

Bottr stuJies cited above have one common focal point;namely
that organic matter in water, upon coming in contact with chlorine
form new cr:mpounds that could cause cancer in humans.

fu state<i earlier, the present study is a follow up of an earlier
stud-v irT whicli some rural waters in Nigeria, when treated with
;iriorine (ckrlorox) in measured dosages were found to have theit
:*iirrri-n c+unis brought down from a high value of about I 1,000
::*: ! *-* ffi:. t.* within tirc recommended WHO standard of i coliform
pc: i'**mi, Tire hign turbidity vaiues recorcied on the stream wats:
r'?:: hiluu tr 145 NTI-D, and the colour which was as.high as 50
,.r.P*; *ni:s ciearly suggest presence of organic rnatter. Chlorinating
; i:*se sanlples ivithout first drastically reducing the turbidity level
,.--r."i;ii:i ieafi tc {'ormation ofl chlorinated organic*, and the attendant
'ni{i*iem of polentiai carefoiogenicit:r.

i';re purpcs* *f the currer? study is to institute a simple modifica-
tir:= to the earlier sturiy i0geeiengbe and Adeniji, 1978) in the fo-rm
*f t.*rbidity removal *efore ehlcrination, without iosing sight of the
finansial and edu*a.ti*nal constraints of the users.
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Materials arxl methotis

General bachground.' In a stucly referrerl to earrier (ogedengbe ancl
Adejini, 1978) a familiarisation survey had been marle into several
rural communities near the University town of Ife for an on-the
spot assessment of their water problems, The survey had shown
that the problems of water supply to many of the rural communities
were basically similar. justifying the selectior-r of one of the supply
sources (a stream in Alakowe village) for an in-ciepth stucly. The
current investigation was carried out on the same stream.

Expeimental inuestigation: rhe experiments were carriecl o,t
along the following general steps:
l. A large plastic container with a screw{n cap was washed,

rinsed thoroughly with tap water. then washed with a chlorine
solution and finally rinsed several times with distilled water.
The (germ-free and chlorine-free) container was used to collect
water sample from the stream under stucly. The sample was
immediately taken to the laboratory fbr analysis.

2. The tr.rrbiclity of the raw water rvas taken several times and the
average recorded.

3. Portions of the raw water dosed with varying amount of chlo-
rine and the chlorine residual was determined after 30 minutes
of contact time in scrrne of the samples.

4- The cltlorittatctl satnplc's werc tltett strlrjecte'd to coliform
counting procetl ttres.

5. Next, a portion of the original stream water sanrple was dosed

with alum,'allowed 60 rnintrtes to settle, and the clear sttperna-

tant decantcd. Its turbidity was taken and recorded.
6. A portion of the clean water was sttbjected to coliform cottnt-

ing, (no prior chlorination).
7- Other portions of the clear water were then subjected to tests of

chlorination. chlorine residual dete'rmination and coliform
counting as per steps 3 and 4.

In essence the experiment was set up to reveal :

l. how much suspended matter and colour (turbidity). is in the
water in its natttral state.

2. the colilbrm count (an internationally accepted indicator of
pathogenic organisms) in the stream water.

3. how much chlorine is needed to reduce the coliforms in the
water to acceptable levels.

4. to what extent and at what dosagealum reduces the turbidity
of the water.
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5' how much chlorine is needed to effectively disinfect the streamwater after its turbidity has first been redticed with alum.6' the chlorine residual (.nfotn. ..maining in the water. which isthe difference between the amount originary put in and theamount used up in k,lin-s germs and in ..u.iirg *ith orguri.matter in the water).

^Turbiditv measurement: Hack I urbirneter rr{oder ll00A (pioc,ceof Hach chemical co.. Ames rowa. USA) was used to measureturbidity. caribration or the instrument was based on.Forhazin.and the ,rut of measlrre is the Neprrrometric Turbidity uri;'i'N:iuialthough it could arso be referrecr to as the Formazin TurbidityUnit (FTCI.

coliform counting: . Trre murtiple tube fermentation techniquewas used to establish the colifbrm index based on the tr{ost probable
Number (h{PN) principle.

For each water sampre o, w,ich coliform counting was to bemade three sets of the tubes with 3 tubes per set were useci. eachtrrbe containing lactose broth to promote growth of coliforr. :rea-nisms. Ttre t'irst ser of three tubei *u, in.it-,ut.,t *itrl"i"ii. "r",i*water sample per tube, the second set with o.l ml. ancl the thircr with0.01 ml. All three sets were then incubatecl at ir"e'ura.*orinaa
for gas productio, at the end of 24 hotrrs and at the end of ,igliours' The presence or gas was taken to indicate positive-..presump-tive" tests. whereupon tire samples were then subjected to --con-
lirmed" tests and finally to "completecl tests" as describecl in the"Standard Methods', (APHA f q6S). Table 40 of the StandardMet,ods was usei! to obtain trre corresponding r\{pN irrdex excepttliat trre resuri fronr tlre tabre irld ro ce multipriecl by r0 to com-pensate for the dir,tion factor (r mr: 0.r mr: 0.0r mr),sed in thisgxi'eriment as compared to r'e standard ( I0 mr: i;rr,'d i' -,1. nor_ever in the case of ,re rleavily chlorinatecr sampres in w'ich lowcoliforr:r counts were anticiput.a,-ifr.'itandard (10: l: 0.1) inocu_lation was used and so tlre Mpli_values in,t.,rOf"*"...'r.ldrithout

modification.

CiLlorinatioz: LiqtrirJ bleach (chlorox), pfrhaps the commonestsorrrce of chlorine, was obtained, testecr uri rotra 
"io 

"zilruinrl.sz
chrorine by weight. A 1%.rrro.m.-rorution was made by mixine400 rnr of rrre cirrorox with 600 mt oiaistirted water. on. r,rt of thissolution dosed into a riter sample ;, _ iIilj,lj:,::..^Ipon,is to a l0 ,rrrr-iorun" ater approximately corres-

57



Determination of chlorine residuals after a 30 minute contact time
was made using the Hach procedure.

Results and discusion

The results of turbidty measurements, ch.lorination and coliform
oounting are summaized in Tables 1 and 2. The results show that
l. the turbidity ,of stream water varied with season. In the middle

of the rain season turbidity was lowest l5 (NTU). The highest
turbidity (90 NTU was recorded at about the peak of dry
season. That stream water turbidity should vary with season
is understandable. By the middle of rain season, much water
has moved down the water course producing a cleansing effect,
in contrast to dry season when the little water remaining is
generally static, creating a natural environment for decomposi-
tion of leaves and other organic matter.

2. when samples of raw water were treated with varying dosages of
chlorine (chlorox), the ooliform counts (N{PN) were found to
decrease generally with increasing chlorine ;losage, and with
decreasing sample turbidity. For the stream warer collected
during the rain season (with 15 NTU) about 50 ppm of chlorox
appeared to be sufficient to bring coiiform counts to acceptable
standard. When original turbidity was 75 },,lTi-i, i00 ppm of
chlorox was needed to produce the desired resuir The 90
NTU samples were not adequately trented for :cijior;:ls even af
100 ppm chlorine dosage.

3. For water samples treated witl 80 l:r-.m oi alu:n e::e settled for
30 minutes. the turbidities oi' ihe i*;antsd sur,'*r::acefits werf
low (35 NTU re<iuced t* I ,1,T1-r +,l FTl, lr i? N?[:. ?s
NTU to 13 NTU and I 5 to .? F'"". ;" 'J:r: sir*i: ii,3r-t;'.lt)oxtiona'
lity of turbidit;,, removai (e.;r. $i: piixi ili:sa:r:.'.:..uc,i,J iurhiCit,"-
frorn 9O la 1.2 in one ser ,:i safii'plri a-li lr+r:: ?i :+ i3 i::
another set) could be expiained i.ii i*:: , ',,i i:-'irii,ii: *ri'fere.n*es
in characteristics of water sarnples colieeir:,i, -:,: difr*r*t iriires.
Moreover, the stream sampir: wcir l:aai;:;r n.'iir aiilr u:-rd*:'
their oatural pH conditicns which w#re ger:.rr:r:l'r' {:*i'arr:=l i:,:8

and 7.2. Preliminary studies i* e:i;:.}i','- l:tr:lr*m i!;.-:,1r :ii :,18::s

had shown that the optimum pFi fol ;-i!;r:i'i]':ii:ri*r:i ?,i,, r.]oli..
10 - a condition under which about 6* ppni were ioun: ade-
quate to reduce all sample turbidities to 5 NTU or less. How-
ever, pH adjustment was not made since the use of lime would
introduce added expenses and technical complexities beyond
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the reach of thelntended users.
4. Without any chlorinatiop, the coliform counts of decanted

alum-treated-and*ettled samples were considerably lower than
those of unchorinated (or even slightly chlorinated) raw sam-
ples, although none of the couflts were low enough for the
decanted samples to be considered "biologically safe,, for
drinking purposes.

5. When decanted samples were treated with varying dosages of
chlorine, and the chlorinated samples were tested for coliform
a dosage of 50 ppm was found adequate, reducing coliform
counts to acceptable levels.

6. The maximum chlorine residual in any sample after 30 minutes,
(room temperature 22oC to 26oC) was less than 5pprn even
when the initial chlorine dosage was 100 pprn.

One major handicap in the use of alum in reducing turbidity is
that it lowers the pH of the water. For exarnple, about 80 ppm alum
dosage was found to reduce water pH from 1 to 6.2. Such (slightly
acid) water would have a peculiar taste which could be offensive
to the user. To the extent that use of a pH booster (such as lime) is
not being recommended here, use of alum dosages lower than 80
opm is suggested. Further insight into use of the correct quantity is
provideC in the following section.

TABLEl : COIIPARISON OF COLIFOIi,\,, COL]NTS IN I(AW WATER AND
IN WATER PREVIOUSLY TREATED WITHNLUI,I (T'OR TUIiBIDITY

Turbiditl IIPN Index*
(NTU) (Coliformv)

100m]
Rdu uater

35 4,600

90 11.000**

7 5 11 ,o0o 13

15

* Accordin,I to interrationallv ilcci.!)teLi sranJarils, thc coliforlrt count in
lvater intendeC for hunan consunr;,rion should not exceeci one per I 0onl
of water samplc.

* Thc numbcr of tuues il rvhich gas rvas prorluce,l exceerled that ll,,lricl-t
corresponds to 11,00o coliforrns. Hcnce it rvas assumed that the coun't
in the sample $,as Ereater than 1t,O0O.

Turbidrtr-,\1I,N Index*
(NTU) (Cotitorm/

100ml)
ll'a te r tl ter t reatfitant
uitl: 80 pltm tlum
9 210

1st Set

Nor'. 1977

2nd Set (Peak

of drv season)

Feb. 1978

3rd Set :\larch
19 78

4th Set (Peak

of rain season)

July 1 978

59,,

Runs

24012
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TABLE 2: EFFECT OF CHLORINATION ON COLIFORI,I COUNTS INRAW WATER AND IN ALLLIM_iREATED WATER

Raw \\,ater Alum-Treated Water

Runs
Chlorine
dosage i{pN iciex Chlorine(pp,rt) (corirormsz residual rIpN index .li,Tffi'100m1) (ppm)

lst Set 10

Nov.1977 20

50
100

2nd Set 10
Feb.1978 20

50
100

3rd Set 10
March 1978 20

50

80
loo

4th Set 10

J:uJry 1978 50

80

240

240

11
Nil

1 1,000
11,000

4,600
4,600

11,000
11,000
4,600

11

Nil

21,0

Ni1

Nit

0.0

0.0

c.5))
0.0
0.0
0.0
0.0

0.0

0.0
0.0
0.0

3.2

3.8

120

23

3r
Nit

75

39

Nit
Nil

120

39

Nil

Nil

7**
Nit
Nil

0.0

1.0
1.0

0.0

2.0

5.0

0.0
1.5

3.8

2.3

4.4

* Each dash ( - ) represents data missed during anarysis or deliberatery leftout from analysis.

** It isdifficult to explain.why, inspite of a chrorine residual as high as 2.3mgll , coliforms were still found in the sample.
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Suggested form of application

The results of the experiments performed in this study as dis-

cussed in the preceding section have shown that in terms of aesthe'
tics (clarity) chlorine dosage requirements, and redu-ction of cdli-
forms, it ii better to first reduce turbidity of water before treating it
with chlorine." 

Turbidity in stream water is caused by suspended inorganic and
organic mattcr. The inorganic component dbr'lv€s from fine clay
and silt which are the natural consituents of the soil over which the
stream flows; and of the watershed to which the stream belongs. The
organic components are contributed by farming operations thaf
disturb the top soil, vegetable decay, human (and possibly industrial)
wastes; plankton and other microorganisms (Clark and Viessman
1966, Babbit et al. l967,Sawyer and McCarty 1967).

Thus, there is evidence that turbidity in stream waters is contri-
buted in pArt by suspended organic substances. Ancl although no
experimental data are available with respect to relative carcino-
genicity of chlorinated water, the point can be made that the lower
the turbidity in a water sample, the less the amount of organic
and consequently, chlorinated organic substances in it followirlg
chlorine treatment of the water. Thus if chlorinated organic sub-
stances do indeed cause cancer in humans, reduction of amount of
organic matter in the water prior to chlorination will definitely
reduce the concentration of chlorinated organics and consequently
reduce the level of potentially harmful substances in the water

The plan and elevation of a small tank that can be used to effect
turbidity reduction and chlorination are shown in Flc. l. Made of

galvanised iron sheets, the tank is divided into two compartments,
with dimensions and appurtenances as shown. Each compartment
has a volumetric capacity of 45 liters (or 3 bucketfuls of water
using a 15 liter bucket). The system can be put to use as follows:
I The tank is thoroughly washed, rinsed and drained using the

drain-valve at the bottom of each compartment. The lid is also
cleaned.

2. It is placed at a convenient location on a suitable support to
facilitate draining of tank. (The location should, preferably,
be cool but not dark).

3. To start, with the tank in place, close in decanting valve, the
drain-valves and the tap.
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4. Place a small quantity of alum (experience will teach how
much, but miny oi th. e people for which this is intended

have exp.erience in the use of trre right quantity) i, compart-
ment A (the inlet end of the tank).

5. Fill compartment "A" with water, but not to the brim. pouring
the water should be rapid (though not splashy) to create tur-
bulence for proper contact between arum and water. (Raw
water should never be poured into compartment B).

6. Allow to settle for at least one hour. And if suspernatant is
'clear'open the decanting valve (which is located at 215 of the
tank'height measured from the bottom), and so l'et clear water

into compartment B, until equilibrium of water levels in com-
partments A and B is established.

7. close the deeanting.valve, add some more alum to compartment
A and fill it up again with the raw (stream) water.

8 while settling is going on again in compartment A, add about
5 tablespoonfuls of chrorox (or one tablet of HTH chrorine

which can also be easily obtained) into B. fu a general rule,
,.,, chlorine should not normally be added to compartment A.7' open the decanting valve again (after at reast one hour ofsettling in tank A) and ret nrgre clean water into B untit equiti-brium is reached' Each compartment should now be about %furll0' The cl,ear, chlorinated watei is noy ready for use, through the

tap.
As the tap and the decanter from A to ts are rocateci at the samelevel {0.2 meter from bottom) water ceases to come ort or irrrlipwhen the level'in cornpartment A fails just below the invert of thedecanter. If water is realry needed (a near-emergency situation) itcould be drawn through the drain at the bottom of ,or"rrrtment Bthoueh this is not recommended o! routine-b;J;. 

-i;;i* 
* ,n.normal supply route while the diain is for creaning.

As soon as there is enough space in compartment'A to take abucketful - about 1 5 liters - but not before, (in any case there shourd
be a minimum of onq houl time lag between successive additions ofraw water to compartment A to al"l,cw to. p;;6;;tttiii)"iutr. uroalum are added, with decanter closed, and corresporOiriumount of-chlorox (2 spgonfu-rs per bucketfu,r of wdter) or % tabret of HTHchlorine, added to B, the system .ortinr.r.

Every week or wfienever clarity of decanted water sta-rts to suffer(but generatlv not longer than two *."t.i rh;=;;; sr,oua u.washed, draineil and .recharged.,
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It may be useful to have the tank painted black on the outside to
make water cooler and to prevent rust.

The tank size illustrated in this paper is considered adequate for
supply of safe drinking water for an average rural family. In general,
there is no reason to chlorinate water for cooking, washing or bath-
inq although it would be good to reduce water turbitlity for these
uses. A separate arrangement (larger container of coursr.) could be
made to take care ol alum treatment of water for this set of uses.

If properly set up and operated, this water system is capable of
producing (from raw stream water) drinkihg rvater n,hich is clean,
germ-free, low in concentration of chlorinated organic susbtances
and consequenfly (should be) low'in potenriel clrcinoeenicity.

Concluding remarks

There is ample evidence (Ogedengbe and Adeniji. 1978 that people
in rural and to some extent in urban areas of Nigeria still do get sick
from (and sometimes die of) diseases such as infectious hepatitis.
cholera, gastroenteritis, etc., at a time when thc-se cliseases are
virtually extinct in the developed world. Evidencr-. also c-xists that
these diseases derive largely frcm the water that tlie ireople drink.

Since neither community self-help efforts llor governntent effort is
likely to provide pipe-borne water to all rural areas in the foreseeable
future, stop gap measures are required to arrest the occurrence of
warer borne diseases:Tlis is important because there is a chance that
the apparent decline in productivity (especially in tarming practices)
is somewhat related to the state ol water that people use.

The current study, as well as an earlier one (Ogeilengbe and
Adeniji, 1978), has shown that the coliforms, and consequently,
germs in our rural stream waters can be killed by chlorination. The
fear raised (Dallair. 1971 and Miller aircl Ricc lgii\ that chlorinating
water which contains organic matter gives rise to Iormation of
chloroform (CHCI3) and many other chemicals ot tlietrihclome-
thane family which - having caused cancer i, laboratory animals -could cause cancer in humans, may or may not be justificd. The fact
is that no one can say for sure at this time. The safe position is to
reduce the level of organics in water before adding chlorine.

The simple system presented in this paper allows turbidity, and
consequently organic matter, to be reduce,i p.ior to chlorination.
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