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1.0  INTRODUCTION

Water  i s  one  of  the  most  abundant  and impor tan t  subs tances  which  nature

prov ides  to  sus ta in  l i f e  fo r  man,  an imals  and  p lan ts .  Lyo ld  and  Helmer

(1991)  descr ibed  ‘ s a fe ’  water  as  one  tha t  i s  f ree  from  chemica l

subs tances  and  organ isms ,  which  could  cause  i l lness in  any  fo rm.  Safe

dr ink ing water  i s  one of the pr imary requ is i tes  fo r hea l thy human l i f e .  

In  the  deve loped count r ies ,  sa fe  water  i s  t ak ing for  gran ted as  unta in ted

water  i s  co l lec ted f rom the  t aps  of  mi l l ions  of  househo lders .  The r ive rs ,

s t reams ,  ponds  and  l akes  are  fo r  p leasure  and  en joyment  dur ing  l e i sure

per iod  of  urban  dwel le rs  and ru ra l  inhab i tan ts  (Green  and Tre t t ,  1989) .

However ,  in  the  deve lop ing wor ld ,  the  s i tua t ion  i s  d i f fe ren t .  Apar t  f rom

some urban areas tha t  en joy in te rmi t ten t  serv ices  as prov ided by the Water

Boards ,  the  urban s lums and ru ra l  areas  depend on water  f rom sources  such

as spr ings ,  wel l s ,  r ive rs ,  ponds or  brooks fo r  the day-to -day needs of  the

fami ly,  l i ves tock and crops .  Dur ing the dry season , women and ch i ld ren fee l

the  pinch by t rekk ing many k i lomet res  in  search  of  wate r .  This  s i tua t ion

has  resu l ted  in  vary ing  degrees  of  wate r - re la ted  d iseases  such  as

dia r rhoea ,  malar ia ,  cho le ra ,  t ypho id ,  gu ineaworm,  onchocerc ias i s  and

sch is tosomias i s .  One b i l l ion people have no access  to  sa fe  dr ink ing wate r ,

whi le  over  two b i l l ion have no access  to  proper  sani ta t ion .  As a resu l t  of

th i s ,  more  than  f ive  mi l l ion  peop le  d ie  every  year  f rom water - re la ted

diseases (Henry,  2002) .
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Water  in tended  fo r  human consumpt ion  must  undergo  st r ingen t  con t ro l  of

water  contaminants  and  h igher  qua l i ty  s tandards  than  fo r  o ther  uses

(Cai rncross  and Feachem,  1993) .  The s tandards  are  expressed  in  t e rms  of

microb io log ica l ,  chemica l  and phys ica l  charac te r i s ti cs .

Niger ia ,  Afr ica ’ s  most  populous  count ry  sou th  of  the  Sahara  i s  endowed

wi th  abundant  sur face  and underground water  reserves  es t imated  to  be 267

bi l l ion  cub ic  metres  and  57  b i l l ion  cub ic  metres  respec t ive ly  (Wor ld

Resource Ins t i tu te  (WRI) ,  2001) .  Desp i te  th i s  huge water  reserve ,  a  l a rge

propor t ion of the popula t ion s t i l l  l ack access to  sa fe wate r .  

There  i s  a  genera l  l ack  of  adequate  safe  dr ink ing  water  in  Ibadan

metropo l i s ,  desp i te  the fac t  tha t  the Oyo Sta te  government  has been a t  the

fo re f ron t  of  water  prov is ion s ince 1946 when the f ir s t  water  p ipe was l a id

in  the c i t y.   An assessment  by Agbede (1991)  revea led tha t  major i ty of  the

r ivers  in  Ibadan c i ty i s  h igh ly po l lu ted because many of  them are used fo r

d isposa l  of  so l id  waste .  Between  1991  and  1995,  the Wor ld  Bank/Af r ican

Deve lopment  Bank responded to  the  government ’ s  reques t  fo r  ass i s tance in

water  supp ly  but  th i s  pro jec t  fa i l ed  due  to  management  prob lems ,  thus

making  the  prov is ion  of  th i s  essen t ia l  commodi ty  a  mirage .  Cursory

observa t ion showed tha t  major i ty  of  the  househo lds  recourse  to  the  use of

wel l s ,  spr ings ,  boreholes ,  brooks ,  water  f rom l eak ing  p ipes  and  even

packaged water  ( in bot t l es  or sache ts )  fo r  dr ink ing and domes t ic  use .

4



The pro jec t  a ims a t  prov id ing potab le water  fo r  Aj ibode communi ty in  Ibadan

Metropol i s  wi th  the  a id  of  Sola r  AquaPak .  The  main  ob jec t ive  i s  to

inves t iga te the e f fec t iveness and e f f i c iency of Sola r  AquaPak .

Sola r  water  pas teur iza t ion i s  the most  economica l  and sa fe way to  e l imina te

pa thogens  (bac te r ia ,  v i ruses ,  paras i t es  e tc . )  l i ke  cho le ra  and sa lmonel la

f rom f resh  water  sources .  I f  the  t empera ture  and  t ime  def ined  on  the

ad jacen t  pas teur iza t ion  char t  are  ach ieved  the  sys tem i s  a lmos t  ‘ g oo f

proof ’  (Ca i rncross  and Feachem,  1993) .  For  th i s  reason pas teur iza t ion i s

the  process  of  cho ice  fo r  mil l ions  of  ga l lons  of  milk ,  beer ,  wine ,  honey

and many other  beverages in  the indus t r ia l i sed wor ld .

The key to  so la r  water  pas teur iza t ion i s  to  ensure tha t  the water  gets  hot

enough fo r  long enough t ime .  The Aqua Pak i s  a  po lye thylene  so la r  water

pas teur izer  des igned to  ach ieve water  t empera ture of 650C which wi l l  reduce

a l l  pa thogens by 99 .999%.

Pas teur iza t ion  i s  the  process  of  d is in fec t ing  food or  l iqu id  by hea t  or

rad ia t ion .  Dis in fec t ion  means  the  des t ruc t ion  of  d isease-caus ing  micro-

organ ism.

The  word  ‘ p a s teur iza t ion ’  was  named  a f te r  the  French  doc tor  Louis

Pas teu r ,  the  fa ther  of  modern medic ine .  In  1864,  Pas teur  demons t ra ted tha t

d iseases  are  caused by micro  organ isms tha t  can  by k i l l ed  by hea t ing  to

550C or  1310F fo r  severa l  minutes .  Appl ied  to  wine ,  beer  and  milk ,  th i s

process ca l led ‘ p a s teur iza t ion ’  soon came in to use th roughout  the wor ld .
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Pas teur ’ s  research proved tha t  su f f i c ien t ly  hea t ing a  subs tance  des t roys

a l l  d isease  caus ing germs .  Pas teur iza t ion has  been accep ted as  comple te ly

sa fe  fo r  more than 134 years .  Today,  th roughout  the wor ld ,  beverages  such

as mi lk ,  f ru i t  ju ice ,  beer  and wine are d is in fec ted th rough pas teur iza t ion .

Consumers are fami l ia r  wi th and t rus t  the process of pas teur iza t ion .

Pas teur iza t ion  i s  a  func t ion  of  t ime and t empera ture .  I f  hea t  i s  appl ied

fo r  a long per iod of t ime ,  d is in fec t ion wi l l  occur a t  lower t empera tu re .  At

h igher  t empera tures ,  d is in fec t ion occurs in  a shor te r  per iod of t ime .

Water Purification

Water  pur i f i ca t ion  i s  the  process  of  removing  undesi rab le  chemica ls ,

b io log ica l  con taminan ts ,  suspended  so l ids  and  gases f rom contamina ted

wate r .  The goa l  i s  to  produce water  f i t  fo r  spec i f ic  purpose .  Most water  i s

pur i f ied fo r  human consumpt ion (d r ink ing water )  but water  pur i f i ca t ion may

a lso be des igned fo r  o ther  purposes ,  inc lud ing meeting the requ i rements  of

Chemica l  and indus t r ia l  app l ica t ions .  In  genera l ,  the  methods used inc lude

phys ica l  processes  such  as  f i l t ra t ion ,  sed imenta t ion  and  d is t i l l a t ion ;

b io log ica l  processes such as s low sand f i l t e r  or b io log ica l ly ac t ive carbon

and chemica l  processes  such  as  f luc tua t ion ,  ch lor ina t ion  and the  use  of

e lec t romagnet ic  rad ia t ion such as u l t rav io le t  l i gh t.

The  pur i f i ca t ion  process  of  water  may  reduce  the  concent ra t ion  of

par t i cu la te  mat te r  inc lud ing  suspended  par t i c les ,  paras i t es ,  bac te r ia ,

a lgae ,  v i ruses ,  fung i ;  and a  range  of  d isso lved and par t i cu la te  mater ia l
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der ived  f rom the  sur face  tha t  water  may have  made  contac t  wi th  af te r

fa l l ing as ra in .

The s tandards  fo r  dr ink ing water  qua l i ty  are  typ ical ly  se t  by governments

by in te rna t iona l  s tandards .  These s tandards  wi l l  t yp ica l ly  se t  minimum and

maximum concent ra t ion of con taminants  fo r  the use tha t  i s  to  be made of the

wate r .

I t  i s  not  poss ib le  to  t e l l  whether  water  i s  of  appropr ia te  qua l i ty  by

v isua l  examina t ion .  Simple  procedures  such  as  boi l ing  or  the  use  of  a

househo ld ac t iva ted carbon f i l t e r  a re  not  su f f i c ient  fo r  t rea t ing a l l  the

poss ib le  contaminants  tha t  may be  presen t  in  the  water  f rom an  unknown

source .  Even  natura l  spr ing  water  cons idered  sa fe  fo r  a l l  prac t i ca l

purposes in  19th cen tury must  now be tes ted before dete rmin ing what k ind of

t rea tment ,  i f  any,  i s  needed .  Chemica l  and microb iolog ica l  ana lys i s ,  whi le

expens ive ,  are  the  only  way  to  obta in  the  in fo rmat ion  necessary  fo r

dec id ing on the appropr ia te method of pur i f i ca t ion.   

2.0  METHODOLOGY

To effectively and efficiently make use of the Solar Aquapak, some steps are to be strictly

taken. These are done in a sequential order as below:

• Collection of Samples 

• Testing of Raw Samples 
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• Pasteurization with AquaPak 

• Testing of Pasteurized samples. 

The water samples were collected from 

• A borehole at Fanawole, 

• Well at Oju Oja, 

• Stream at Adeosun area. 

The samples collected with two liters containers for the chemical tastings while sterile bottles

were used to collect samples for bacteriology laboratory tests with the aid of syringes to

avoid introduction of  external  organism into  the water  samples.  The Well  samples were

collected using drawer while borehole samples was collected directly from the borehole tap

while the stream sample was collected with tilting of collection bottles inside the stream in its

line of flow.

The  pasteurization  of  samples  was  done  using  the  Solar  AquaPak.  After  collection  of

samples, the next and important stage is the pasteurization of the samples using the AquaPak.

This was done by pouring the water samples into the AquaPak though not  filled up but

enough to enhance unison in heat distribution over the AquaPak panel. The indicator at the

back of the Solar AquaPak is the most essential part of it since it has been experimented that

pasteurization of water takes place at a minimum of 650C which is the temperature at which

the Orange color on the indicator disappears and turn colorless. Sometimes, the samples spent

four, six hours, and even two days before the pasteurization temperature could be reached. It

simply means that the use of AquaPak is weather dependent.
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The tests  were carried  out  to  know the chemical  and bacteriological  components  of  the

samples before and after using the solar Aqua Pak. Therefore, testing was done twice on each

sample to ascertain the chemical and bacteriological composition before and after using the

Aqua Pak. 

The samples were tested for chemical elements such as Chloride, Calcium, Aluminium, Iron,

Lead, Total hardness, pH of the water samples and the before and after results were compared

using World  Health  Organization (WHO) and the National  Agency for  Food and Drugs

Administration and Control (NAFDAC) standards.

               

         Examining the Solar Aquapak                    Confirming if the indicator was truly orange

                     

 Aquapak placement during pasteurization              Checking if the orange indicator has disappeared
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          Adding reagents to samples during laboratory testing                                  

3.0 RESULTS AND DISCUSSION

The entire experiment was done or carried out with few assumptions made due to the fact that

the experiment was actually to test for the efficiency and effectiveness of the Solar Aqua  Pak

in providing a potable water for rural communities, therefore a small quantity of each water

sources were collected to represent the entire water sources.

The results obtained from the analyses are as presented in Tables 2 - 4. 

Table 2: Results of Laboratory analysis of water from the Stream at Adeosun

Parameter Before

Pasteurization

After

Pasteurization

WHO

Standard

NAFDAC

Standard

Total Hardness (mg/l) 756.0 2.49 75-150 75-150

Ph 5.2 7.73 7.0-8.5 6.5-8.5

Cl (mg/l) 77.99 16.5 200 200

Ca (mg/l) 612.0 1.73 75-200 75-150

Al (mg/l) 1.487 0.35 0.5

Fe (mg/l) 2.096 0.04 0.05-0.3

Mg (mg/l) 144.0 0.76 50 30

Mn (mg/l) 0.827 0.76 50 30
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Coliform count (ml) 18 0 Must not be

detectable in

any 100ml

sample

1 (Max)

Mackonkey Agar

(cfu)

10 0

Swarzt Differential

Agar (cfu)

11 0

Streptococcus Agar

(cfu)

10 0

Lauryl Sulphate Agar

(cfu)

20 0

Table 3: Results of Laboratory analysis of water from Oju Oja Well 

Parameter Before

Pasteurization

After

Pasteurization

WHO

Standard

NAFDAC

Standard

Total Hardness (mg/l) 184.0 3.83 75-150 75-150

pH 6.81 7.95 7.0-8.5 6.5-8.5

Cl (mg/l) 155.98 20.60 200 200

Ca (mg/l) 100.0 75-200 75-150

Fe (mg/l) 0.024 0.02 0.05-0.3

Mg (mg/l) 84.0 50 30

Mn (mg/l) 0.676 0.85

Coliform count (ml) 43 0 Must not be

detectable in

any 100ml

sample

1 (Max)

Mackonkey Agar

(cfu)

0 0
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Swarzt Differential

Agar (cfu)

22 0

Streptococcus Agar

(cfu)

0 0

Lauryl Sulphate Agar

(cfu)

10 0

Table 4: Results of Laboratory analysis of water from Fanawole Borehole 

Parameter Before

Pasteurization

After

Pasteurization

WHO

Standard

NAFDAC

Standard

Total Hardness (mg/l) 230.0 6.25 75-150 75-150

Ph 6.25 8.10 7.0-8.5 6.5-8.5

Cl (mg/l) 141.8 0.05 200 200

Ca (mg/l) 140.0 5.28 75-200 75-150

Fe (mg/l) 0.06 0.02 0.05-0.3

Mg (mg/l) 9.0 0.97 50 30

Mn (mg/l) 0.868 0.79

Coliform count (ml) 0 0 Must not be

detectable in

any 100ml

sample

1 (Max)

Mackonkey Agar
(cfu)

70 0

Swarzt Differential
Agar (cfu)

48 0

Streptococcus Agar
(cfu)

0 0

Lauryl Sulphate Agar
(cfu)

0 0
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The chemical analyses showed changes for all the tested parameters to lower values after

pasteurization.  The  pH  values  were  raised  to  meet  WHO  and  NAFDAC  standards.

Bacteriological results also indicated that Aqua pasteurization technique was very effective.

There was almost no Coliform after pasteurization. 

In general, AquaPak apparatus has proven highly effective and efficient. It has mul t i -  use

benef i t s   ( i . e .  pas teur ize water  us ing only so la r  energy,  remova l  of debr i s

and chemica l s  by us ing the c lo th and charcoa l  ac t iva ted f i l t e rs ,  as wel l  as

prov id ing i t s  own s to rage and car ry ing conta iner  for  pas teur ized water ) .

Add i t iona l  and s ign i f i can t  benef i t s  of the AquaPak inc lude i t s  ab i l i ty

(a) To prov ide i t s  own s to rage conta ine r ,  

(b) To produce hot  potab le water  tha t  can be used for  hot  beverages or persona l

hygiene ,  

(c) To  inc lude AquaTabs fo r  use on c loudy days ,  and

(d) To e l imina te the need to co l lec t  and burn f i rewood fo r  boi l ing wate r .

Some of the challenges faced during the study include:

1. Frequent and heavy rainfall affected atmospheric temperature.

2. Accessibility to water sources especially the stream.

3. Variation in daily temperature which consequently affected pasteurization time.

4. Unstable power supply which rendered the water samples unfit for testing after 24

hours.
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4.0 CONCLUSION

From the research methodology and results presented, it can be concluded that the use of

Solar  AquaPak  to  provide  potable  water  for  people  especially  in  rural  areas  should  be

encouraged  because  it  has  been  used  to  effectively  disinfect  some  water  samples  to

acceptable  standards.  It  has  also  been proved to  have multi-purpose benefits  apart  from

providing potable water.

The following recommendations are made:

• The use of Solar AquaPak should be encouraged with a view to solving problems of

contaminated water especially in a continent like Africa.

• The Solar AquaPak should be made available for every home especially the rural

dwellers.

• There should be enlightenment programmes on the usage of the Solar AquaPak.
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