
 

CO
MO

DO

 

1. IN

The raw
must be
color of 
carried 
aluminum
should b
and this
system 
(ROMER
may be 
of a natu
of these
(PRITCH
And its w
those wh

For the p
versatile

OPTIMIZ
OMMUNIT
ORINGA O

COCO

CARLOS A
OMINGUEZ

GARCIA/C

SUM
depa
towar
of po
and t
munic
public
depa
is so
Morin
appro

Key 

NTRODUCT

w water con
e removed 

the water 
out by co
m sulfate, f
be controlle
s can lead 

and adver
RO, 1989), 
carcinogen

ural coagula
e products
HARD Et al
wide use is 
ho use the 

purification 
e adsorbent

ATION O
TY OF JA
OLEIFER

O NUCIFE

ANDRÉS B
Z, MARIA B
CENTRO D

MARY: C
rtments of 
rds urban a
otable wate
the public 
cipal level, 
c services
rtment, suc

ought to b
nga Oleifer
oximately 1

words: 

TION 

ntains a nu
in the pota
(AMIRTHA

onventional 
ferric chlorid
ed as they 
to health p

rse neurolo
(Miller et a

nic (SANGH
ant, such a
 and is m
l, 2009), is 
possible in
M. Oleifera

of water, it
t. It has the

OF THE W
ARAQUIE
RA AS CO
ERA TO O

BURGOS G
BERNARDA
DE COMER

REGION

Cordoba is
Colombia,

areas, incre
er and basi

investmen
There is a 
, between 
ch as the d
be purified 
ra and Coc
,253 comm

Moringa,

umber of s
abilization, s
ARAJAH, 19

agents us
de and ferro
could leave
problems, s
ogical effec
al., 1984). 
HI et al, 200
as the Morin
more enviro

active, saf
n the treatm
a tree. 

t is necess
e virtue of a

 

WATER SU
EL, MONT
OAGULAN
OBTAIN A

GALEANO, 
A ESPITIA

RCIO, INDU
NAL-CÓRD

 

 one of 
, generatin
easing the d
c sanitatio
ts at natio
great inequ
urban an

district of Ja
with natu

cos nucife
munity mem

 Cocos 

uspended 
since they 
989). The r
sed in coa
ous sulfate
e some res
such as se
cts, mainly 
Other stud
06). Howev
nga Oleífer
onmentally 
fe, econom
ment of wate

ary to use 
adhering or

UPPLY SY
TERÍA-CO
NT AND E

ACTIVATE

LINA MAR
A BELTRAN
USTRIA Y T
DOBA 

the most
ng a popula
demand in 
n, however

onal, depar
uality in the
nd rural a
araquiel in 
ural produc
ra, Project

mbers. 

nucifera 

solids and 
are respon

removal of 
agulation, 

e. However,
sidual alum
everely affe
y manifeste
ies have re
ver, this ca
ra (M. Oleíf

friendly (
ical (GHEB
er, which b

activated c
r retaining o

YSTEM IN
OLOMBIA
ENDOCA
ED CARB

RCELA CA
N, JAIME S
TURISMO-S

t productiv
ation grow
the service

r, the effor
rtmental an
e provision 
areas of th

which wat
cts such a
t will bene

endocar

dissolved 
nsible for th
each of th
are metal 

, the use of
minum in the
ecting the 
ed in Alzhe
eported tha

an be avoid
fera), which
(POUMAYE
BREMICHA
brings econo

carbon beca
on its surfa

N THE 
A, USING 
RPIO OF 

BON 

NTERO 
SANCHEZ 
SENA, 

ve 
wth 
es 
rts 
nd 
of 
he 
er 
as 
efit 

rp.

particles w
he turbidity

hese particl
salts suc

f aluminum 
e treated w
central ner
eimer's dis
at their resi
ed with the

h avoids the
E et al, 20
AEL et al, 2

omic benef

ause it is a
ace one or 

which 
y and 
les is 
h as 
salts 

water, 
rvous 
sease 
idues 
e use 
e use 
012), 
005), 
fits to 

 very 
more 



 

compone
with it, b
with the
environm
activated
made in 

The che
alternativ
reliable 
because
plants h
tempera

The com
departm
despite 
source o
whose s
negative
populatio

The see
Environm
joined e
COLCIE
intended
member
alternativ

 

2. T

Cordoba
agro-ind
of great 
from this
has incr
importan
drinking 
investme
efforts t
services
lag in th
national 

This is w
2016 - 2
not have

ents (atom
by means o
e adsorbent
mental bene
d charcoal 
a craft way

emical prop
ves of nat
results (ND

e its adapta
ave been 

atures that a

mmunity of 
ent, to date
having a w
of water ab
slope is the
e conseque
on, ignoring

ed of Enviro
mental Scie
fforts to me

ENCIAS fun
d to carry o
rs of the c
ves to repla

HEORETIC

a is classifi
ustrial, live
relevance 

s increase i
reased the 
nt to point 
water and 

ents at the 
here is a 

s between u
e indicators
indicators. 

why the N
2019 a serie
e access to

s, molecule
of adsorptio
t element 
efits of the 
for water p

y by the com

perties of th
tural coagu
DABIGENG
ability chara
found at h
approximate

Jaraquiel i
e has not h

water supply
straction th
e settlemen
nces on the
g health risk

onmental Q
ences Appl
eet the nee
nding unde

out a series 
community 
ace the use

CAL FRAM

ed as one 
stock and m
for the eco
n productiv
demand in
out that th
basic sanit
national, d
great ineq

urban and 
s of covera

National Go
es of strate

o potable w

es, ions) th
on the wate
are purified
use of natu
purification,
mmunity of 

he seed of 
ulant, studi
GESERE, 1
acteristics a
eights betw
e between 

s located 1
had a supp
y infrastruct
hat consum
nt of the p
e health of 
ks and gen

Quality Res
lied "GICA
eds of the 
er the call 

of activitie
of Jaraqu

e of chemic

MEWORK 

of the mos
mining dev
nomy. Also

vity has see
n the servic
he develop
tation in the
departmenta
quality in th
rural areas

age, quality 

overnment 
egies aimed
ater and ba

hat are diss
er or other l
d, deodoriz
ural produc
, these pro
the benefit

the Moring
es carried 
998), in Co
allows it to 
ween 0 and
6 and 38ºC

15 minutes 
ply of drinki
ture It is no

mes the com
population; 
the popula
erating con

search "SIC
P", the Na
population
IDEAS FO

s that end 
uiel, with a
al agents.

st productiv
elopment, t

o noteworth
en a popula
ces of drink
ment that 

e departmen
al and mun
he provisio
s Of the de

and depar

established
d at reducin
asic sanitat

solved in th
liquids or g
zed and d

cts, the coco
ocesses of 
ted commu

ga Oleifera
out in rec

olombia thi
 survive in 
d 1800 me

C (REYES e

from the to
ng water fo
ot suitable f
mmunity com

The consu
tion, an act

nsumption e

CAM", The
tional Lear
 of Jaraqu
OR THE B
in the supp

an added v

ve departm
this last mi

hy is the ex
ation growth
king water 
has been 
nt of Cordo
nicipal leve
on of wate
epartment, 
rtmental co

d in the Na
ng the num
tion service

he liquid th
gases that c
iscolored, 
onut endoc
obtaining p

unity. 

a make it o
cent years
is plant is 
different k

eters above
et al, 2010)

own of Mo
or approxim
for the trea
mes from t
umption of 
tivity that is
expenditure

e group of 
rning Servic
iel, So in c
BIO CHAN
ply of drink
value, the 

ments in the
ning-energy

xtraction of 
h towards u

and basic 
achieved i

oba, is large
ls, howeve

er, sewage 
which is co
ntinuity wit

ational Dev
mber of inha
es with the 

hat is in co
come in co
considering

carp Nucife
products w

one of the 
 have repo
found natu

kinds of clim
e sea level
). 

ntería, Cór
mately 20 y
atment of it.
he Rio Sin
raw water

s common i
es in familie

Investigatio
ce SENA, 
conjunction

NGE 2016, 
king water t

use of na

e country fo
y activity is
nickel and 

urban areas
sanitation,

in the sect
ely due to p
r, despite t
and sanit

onfirmed by
h respect t

velopment 
abitants wh
required qu

ontact 
ontact 
g the 
ra as 

will be 

main 
orted 

urally, 
mate, 
l and 

rdoba 
years, 
. The 
u, on 
r has 
n the 

es. 

on of 
have 
 with 
it is 

o the 
atural 

or its 
s also 
coal, 

s, this 
, it is 
tor of 
public 
these 
tation 
y the 
o the 

Plan 
ho do 
uality 



 

and opp
Aqueduc
Departm
been di
headwat
long-term
coverage
rural are
social in

POTABL
and mic
can be c
health (M

RAW W
OF SOC

TURBID
approxim
indicatio

COLOM

Decree 
SOCIAL

Table 1
(MINIST

Physica

Apparen

Odor an

Turbidity

pH  

 

Decree 
accordin

Table 2
(MINIST

portunity, es
ct, with c

mental Wate
rected to a
ters, in orde
m sustainab
e close to 7
eas, where 
equality. 

LE WATER
robiologica
consumed 
MINISTRY 

WATER: It is
CIAL PROT

DITY: "Tur
mation of t
on of contam

MBIAN NOR

1575 reso
L PROTECT

1. Physical
TRY OF SO

al Characte

nt color  

d taste  

y  

1594 of 1
ng to their u

2. Physico-
TRY OF SO

specially in
coverage o
ers Plan (P
achieve ur
er to ensure
bility, such 
78% for the

coverage 

R: It is one 
l requireme
by the hum
OF SOCIA

s one that 
ECTION, 1

rbidity has
he content

mination" (G

RMATIVITY

olution 21
TION, 2007

l and che
OCIAL PRO

eristics E

C
(

A
a

T
U

p

1984: Esta
use and disp

-chemical c
OCIAL PRO

 rural area
of 87%. A
PDA) to en
rban cover
e continuou
is the case

e urban are
and contin

that, becau
ents, under
man popula

AL PROTEC

has not be
998). 

s a great 
t of colloida
GARCÍA, 19

Y 

15/2007: N
7) 

mical char
TECTION, 

Expressed

Cobalt Plat
(UPC)  

Acceptable
acceptable 

Turbidity Ne
Units (UNT

pH Units  

blishes the
posal (MIN

characterist
TECTION, 

s. Currently
Also, the 
nsure the u
rage in aqu
us improve
 of municip

ea, however
nuity of ser

use it meets
r the condit
ation withou
CTION, 199

een subject

sanitary 
al, mineral 
999). 

Normativity

racteristics 
2007) 

d as 

inum Units 

e or not 
 

ephelometr
T)  

e paramete
ISTRY OF 

tics of nat
1984). 

y the depa
national g

use of all p
ueducts cl
ments in th

palities such
r, this progr
rvice is pre

s the organ
tions indica
ut producin
98). 

ted to treat

importanc
or organic

y for drinki

of water 

Ma
Val

15 

Acc

ry 2 

6,5

ers for the 
SOCIAL P

tural water

artment of C
governmen
populations
ose to 96

he quality of
h as Monte
ress is not 

ecarious, re

noleptic, phy
ated in the 
ng adverse 

tment proce

ce, since 
c matter, s

ng water (

for huma

aximum Ac
lue 

 

ceptable 

5 – 9,0 

various w
ROTECTIO

r for huma

Cordoba ha
nt devised
s, the PDA
% in mun
f service an
ría, which h
as significa

esulting in g

ysical, chem
present de
effects on 

ess (MINIS

it reflects
so it can b

(MINISTRY

an consum

cceptable 

water treatm
ON, 1984).

an consum

as an 
 the 

A has 
icipal 
nd its 
has a 
ant in 
great 

mical 
cree, 
their 

STRY 

s an 
be an 

Y OF 

mption 

ments 

mption 



 

Physica

Apparen

Odor an

Chloride
pH  
Sulfates
Total co
Fecal co
 

Technic
This doc
well as 
process 
technolo

 

3. M
3.1. 

Rio Sinu
latitude 
total leng
2013). 

A visit to
qualitativ
Commun

The wat
storage 
capacity

The phy
those fo
rapproch
improve

3.2. 

This pha
commun
member
the need
expansio

Impleme

al Characte

nt color  

d taste  

es 

liforms  
oliforms 

cal regulat
cument rela
the proced
steps , T

ogies for dri

MATERIALS
Initial co

u: It is loca
and 75º an
gth of the c

o the ACUE
ve analysis
nity Action 

ter catchm
tank does 

y, in addition

ysical condit
ound in th
hement wit
ment. 

 Phase o

ase is carri
nity of Jara
rs of the ind
ds of imple
on of water

entation of a

eristics 

ion of the 
ates the re
dures for o
The choice
nking wate

S AND MET
onditions 

ated in the
nd 76º wes
channel of 4

EDEJAR aq
s carried 
Board, sho

ent point i
not store t

n to the lac

tions of the
he source 
th the com

of social ap

ied out a s
aquiel in th
digenous ch
ementation 
r storage to 

an activity s

Expressed

Cobalt Plat
(UPC)  
Acceptable
acceptable
Cl- 
pH Units  
S04

= 
NMP 
NMP 

drinking w
quirements

operation a
e of coagu
er treatment

THOD 

 northeast 
st longitude
438 km unt

queduct, loc
out by the

ows the wat

is located 
the water fo
k of water t

e water at th
of supply

mmunity in 

ppropriatio

series of ac
he executio
hapter of Z
of water tr
meet the n

schedule in

d as 

tinum Units

e or not 
e  

water and 
s of raw wa
nd operatio

ulants and 
t (RAS, 200

region of 
, covering 
til its mouth

cated in the
e members
ter consump

downstream
or more tha
treatment p

he end of th
y, which is

search of

on 

ctivities in w
on of this p
Zenu Xaraq
reatment a
needs of the

n which com

Maximum

s 
75 unida

Acceptab

250 
6,5 – 9,0
400.0 
20.000 m
2.000 mi

basic san
ater for its 
on of the t

coagulant
00). 

Colombia, 
an area of
h in the Ca

e district of 
s of GICA
ption condi

m of the p
an two hou

process. 

he distribut
s why it i
f the gene

which it se
project. Co
uiel and Co

alternatives,
e communit

mmitments 

m Accepta

des, 

ble 

0 

microorgani
croorganis

itation sec
subsequen

treatment p
ts, as well

between 8
f about 14,

aribbean Se

Jaraquiel, 
AP, with th
tions of the

population 
urs, due to 

tion network
is necessa
eration of 

eeks to ma
onsisting of
ommunity A
, as well as
ty. 

are strengt

able Value

sms /100 m
ms /100 ml

ctor RAS-2
nt treatmen
plant, desig
l as altern

8º and 9º 
000 km2 w

ea (DIANA 

is carried o
he help of
e population

settlement
its low sto

ks are simi
ary to ma
alternative

ke a link o
f meetings 
Action Boar
s the need

thened betw

ml. 
l. 

2000: 
nt, as 
gn of 
native 

north 
with a 
et al, 

out. A 
f the 
n.  

t, the 
orage 

lar to 
ke a 
s for 

of the 
with 

rd on 
ds for 

ween 



 

the mem
completi

One of t
areas st
receive 
Perform 

The coll
is carried
this prod
product 
productio

Environm
(commu
conserva
adequat

 

3.3. 

In the op
the wat
(expans
(floccula
treatmen
not affec

Moringa 
small sc
reduce w
Activated

At the e
treatmen
trained p
inherent 

It will ha
instructio

4. . A

The part

4.1. 

In this p
ongoing 

 

mbers of th
ion of the o

the activitie
tipulated an
a number 
the sowing

ection of co
d out by th
duct was c
is to gener
on of which

mental edu
nity action 
ation of the
e managem

Phase of

ptimization 
ter quality 
ion of the

ation, sedim
nt of water 
ct health an

oleifera as
cale trials a
water turbid
d from the e

end of the 
nt system i
personnel, 
to the ope

ve the nece
ons), water

ANALYSIS

tial results o

Phase of

phase, the 
project. (Im

he commun
ongoing proj

es to be ca
nd sown by

of plants 
g and are re

oconut hus
he commun
considered 
ate activate

h is done in

ucation ca
council, in

e water so
ment of the 

f Optimiza

phase, the
process, 

e water s
mentation, 
from the u

nd reduce th

s a natural c
are carried
dity taking 
endocarp o

processes
n accordan
members 
ration of the

essary doc
r treatment 

S AND RES

obtained to

f social ap

community
mage 1) 

nity and the
ject. 

arried out is
y the comm

taking into
esponsible 

sk, a by-pro
al action b
a residue

ed carbon f
 a handma

ampaigns i
ndigenous 
urce (Rio S
water. 

tion of the

e activities a
among wh

storage tan
filtration, 

use of natur
he costs of 

coagulant i
 out in ord
into accou

of Cocos nu

s, the comm
nce with the
of the sam
e Processin

umentation
with the us

SULTS 

 date are re

ppropriatio

y is approa

e investigat

s the planti
munity, in th
o account 
for the mai

oduct of fee
oard in eac
 that was 
for the proc
de manner

nvolving a
chapter, co
Sinu), adeq

e system of

are aimed a
hich the e
nk), Impro
uptake), s

ral products
water treat

s an altern
der to obta
unt Colomb
ucifera. 

munity of J
e needs of 

me commun
ng facilities

n for the cor
e of alterna

elated to th

n 

ached in or

tion group 

ing of mori
his process 

the physic
ntenance o

eding activi
ch of the d
not availa

cess of pota
r. 

active mem
ommunity 
quate dispo

f purificati

at the upgr
expansion 
vements i
seeks to 
s, whose c
tment. 

ative for wa
ain the opt
bian regula

Jaraquiel w
f the comm
nity in the 
. 

rrect opera
ative produc

e execution

rder to soc

GICAP for

nga oleifer
the owner

cal space t
of the plants

ities within 
wellings of
ble; The o
abilization o

mbers of 
in general)
osal of wa

on 

rading and 
of the st

n the tre
implement 

chemical ch

ater treatab
imum dose

ations and t

will have a 
munity, in tu

execution 

ation of the 
cts of natur

n schedule 

cialize the 

r the succe

ra in comm
rs of the ho
that they h
s until their 

the commu
f the popula
objective of
of water, bu

the comm
) related to
st e gener

improveme
torage cap
atment sy
an altern

haracteristic

bility, a seri
e of moring
the use of 

physical w
rn will have
of the activ

plant (oper
ral origin. 

of the proje

progress o

essful 

munity 
ouses 
have; 
use. 

unity, 
ation, 
f this 
ut the 

munity 
o the 
rated, 

ent of 
pacity 
ystem 
native 
cs do 

es of 
ga to 

coal 

water 
e the 
vities 

rating 

ect. 

of the 



 

 
 
Moringa 
tests. 

 
 
 
 
 
 
 
 
The first
commun

.

 

 

Oleífera se

planting of
nity of Jaraq

   Ima

eed collecti

Image 2

 

f plants of M
quiel 

    
Image 4

age 1. Soci

on activitie

  
2. Dissertat

Image 3. 

Moringa Ole

4. Planting o

 
ialization of

s are coord

tion of activ

Seed colle

eífera is car

of Moringa 

f the projec

dinated for 

vities sched

ection. 

rried out in 

Oleifera pla

ct. 

planting an

dule. 

   

zones esta

ants. 

 

ndlaboratory

 

ablished by

y 

y the 



 

Talks ha
manage
waste an

 
4.2. 

 
Location
8°41'58.
 

The pre-

4.3. 

In order
samples
evidence
 
 
Table 3.

SETTING

ave been 
ment, cons
nd manage

Phase of

n of the ca
1"N 75°56'

-characteriz
 
Result o
point. 
 

r to carry o
s of water 
ed in table 3

. Result of p

GS 
M1 
RES

made to th
servation o

ement of wa

Ima

f Optimiza

atchment p
04.9"W 

zation of the

of physical

out the phy
at the aq

3. 

physico-che

SULT 
M2
RE

he commu
of the wate
ater resourc

ge 5. Socia

tion of the

point of the

Image 3

e water qua

l-chemical

ysicochemi
queduct co

emical anal

 
SULT 

M3
RE

nity of env
er source 
ces 

alization of 

e system of

e drinking 

 
3. Capture p

 
ality at the p

 analysis 

cal analyze
ollection po

lysis of wat

3 
ESULT 

vironmenta
(Río Sinú)

knowledge

f purificati

water trea

point 

point of refe

of natural

es, it was 
oint (ACUE

ter at the ca

UNITS 

al conserva
), proper m

  
. 

on 

atment plan

erence is p

 water at 

necessary
EDEJAR), 

atchment po

MAXIMU
PERMIS
NATURA
WATER 
- DECRE
OF 1984

ation, relate
manageme

nt Coordin

 

erformed.

the catchm

y to make t
the results

oint. 

UM 
SIBLE 

AL 
VALUE 

EE 1594 
4 

M
M
V
P
D
W
R
21

ed to 
nt of 

nates: 

ment 

three 
s are 

MAXIMUM 
MAXIMUM 
VALUE 

ERMISSIB
DRINKING 
WATER-
RESOLUTIO

115 OF 200

LE 

ON 
07. 



 

pH 
Conduct
Total 
hardnes
Chloride
Alkalinity
Tempera
Nitrates 
Color 
Turbidity
Sulfates
Phospha
Total ma
Total 
Dissolve
Solids, S
Total 
Suspend
Solids, S
Sedimen
Solids 
Biochem
Oxygen 
Demand
BOD5 
Chemica
Oxygen 
Demand
COD 
Dissolve
Oxygen,
Total 
Coliform
Fecal 
coliforms
 
Table 3 
abstract
and M2 
correspo
 
He three
(DECRE
(RESOL
 

7
tivity 1

s 
50

es 5
y 3
ature 2

<

y 1
28

ates 0
atch 0

ed 
SDT 

62

ded 
SST 

7

ntary 
0

mical 

d, 
<

al 

d, 
29

ed 
, OD 

5

ms 
2

s 
1

relates th
ion of wate
correspond

onds to a sa

e results a
EE 1594 O
LUTION 211

7,56 7
112 

0,47 5

5,57 
39,6 3
26,9 2
<0,2 <
50 

113 8
8,41 2
0,05 0
0,88 

2,72 6

73,6 9

0,5 

<2,0 <

9,78 2

5,79 5

283 2

125 

he values o
er for huma
d to the sam
ample take

are compar
OF 1984) 
15 OF 2007

7,12 
112 

55,6 

6 
38,8 
26,9 
<0,2 
48 

87,1 
24,65 1
0,07 
0,1 

62,72 6

99,2 

0,5 

<2,0 

23,16 2

5,95 

299 

128 

obtained fr
an consum
mpling on d
n in the wa

red to the 
and the m
7). 

7,19 
111 

54,6 m

4,6 
41,4 m
26,9 
<0,2 m
50 

88,6 
19,85 m
0,09 m
0,13 

62,16 m

81 m

0,6 

<2,0 

23,16 

5,8 

295 UF

127 UF

rom the co
ption in the

different day
ter distribut

maximum 
maximum a

pH Units 
µS/cm 

mgCaCO3/L

mgCl/L 
mgCaCO3/L

°C 
mgN- NO3/L

UPC 
NTU 

mgSO4/L 
mgP-PO4/L

mgP/L 

mgSDT/L 

mgSST/L 

mgSS/L 

mgO2/L 

mgO2/L 

mgO2/L 

FC/100 mL

FC/100 mL

ollection of
e village of
ys at the se
tion system

permissibl
allowable v

5,0-
…

L …

250
L …

…
L 10

75
10

40
…
…

…

…

…

…

…

…

L 200

L 200

f samples 
f Jaraquiel
et point, an

m. 

e values o
values for 

9,0 
… 

… 

0.0 
… 
… 
0 
5 
0 

00 
… 
… 

… 

… 

… 

… 

… 

… 

000 

00 

at the poi
. The resul
d the resul

of natural w
drinking w

6,5 y 9,0
1000 

300 

250 
200 
… 
10 
15 
2 

250 
0,5 
… 

… 

… 

… 

… 

… 

… 

… 

… 

nt of 
lt M1 
t M3, 

water 
water 

. 



 

The res
around t
sample M
Due to t
M3, stat
distributi
comply w
 

4.4. 
 
Moringa 
coagulan

 
Collecti
The inne

 

5. D

Phase o

It shows
commun
will bene
cost, Us

The Res
of the d

ults of the
the water q
M3 do not m
the above, 
ing that the
ion system 
with the pro

Seed co

Oleífera 
nt agent. 

on of Coco
er shell of th

  

DISCUSSIO

of social ap

s the acce
nity, in turn 
efit them w
ing natural 

search Gro
istrict of Ja

 physicoch
quality of th
meet the m
similarities

ey comply w
of Jaraquie

ovisions of R

llection for

seed harv

Ima

os nucifera
he coconut 

        Image

ON 

ppropriatio

eptance and
has unders

with the pro
raw materi

up on App
araquiel inte

hemical par
he Sinú Riv

maximum va
s are obser
with that est
el does not
Resolution 

r natural w

vesting day

age 4. Mori

a for later u
is collected

e 5. Proces

on. 

d active lin
stood the ne
ovision of w
als supplie

lied Enviro
end to diss

rameters fo
ver, howeve
alues for dri
rved in the
tablished in
t perform w
2115 of 20

water treatm

ys were he

inga pods a

use 
d, and tests

 
ss of coconu

 
 
 
 
 

nkage to t
eed for the 

water suitab
d by the pr

nmental Sc
seminate th

or M1 and
er the valu
nking wate

e results of 
n Decree 15
water treatm
007. 

ment. 

eld for lat

 
and seeds.

s are perfor

ut activated

he project 
 operation 
ble for hum
revious crop

ciences "G
his project 

d M2 yield 
ues of the a
er. 

the sampl
594 of 1984
ment, samp

ter water t

rmed 

d carbon. 

by the en
of a treatm

man consum
ps of the na

ICAP" and
can be rep

reliable re
analyzes fo

es M1, M2
4, and the w
ple M3 Doe

treatment 

 

ntire benefi
ent plant, w
mption at a
atural produ

 the comm
plicated in o

esults 
or the 

2 and 
water 
s not 

as a 

iciary 
which 
a low 
uct. 

munity 
other 



 

commun

The imp
establish
innovativ
appropri
biodivers
commun
preserva
", Active
acceptan
populatio

 
Phase o

The res
acceptab

The app
for natur

The wat
water, q

The exp
the com

The trea
dependi
performe
treated. 
 
 
 
 
 
 
 
 

6. C

The part
indigeno
of the pr

The proc

Planting 
Jaraquie

The phy

nities. 

plementatio
hed by ID
ve solution
ation of kn
sity, which 
nities that a
ation, susta
e involvem
nce of new
on. 

of optimiza

sults of phy
ble quality o

plication of 
ral water yie

er quality a
ualifies wat

pansion of t
munity. 

atment of th
ng on the te
ed in order 

CONCLUSIO

ticipation of
ous chapter
roject. 

cess of ada

of Moring
el in designa

ysical-chem

on of the 
DEAS FOR

s from sci
nowledge, 
will be dev
are willing 

ainable use 
ment of th
w knowledge

ation of the

ysicochemi
of the natur

Decree 159
eld results w

assessment
ter conditio

the water s

e oil moring
ests carried
to evaluate

ON 

f the staff o
r Zenu Xar

aptation of t

ga Oleífera
ated comm

mical analys

project wit
R CHANGE

ence and 
starting fro

veloped am
to work in
of natural 

he populat
e, as well a

e system o

cal analyz
ral source.

94 of 1984,
where the w

t of the Sin
ns as not a

supply syst

ga seed for
d out by diff
e the seed y

of the comm
aquiel, Com

the physica

a plants w
munal areas

sis of natur

th commun
E BIO 201
technology

om The ch
ong the sc

n a particip
resources a
tion has g
as the creat

f potabiliza

es have y

, correspon
water qualit

ú River, un
acceptable f

tem is fund

r the extrac
ferent autho
yield and th

munity of Ja
mmunal Ac

al space to d

was done w
. 

ral water a

nity suppo
16, whose 
y that carry
hallenges p
ientific com

patory and 
and improv
generated 
tion of ties 

ation. 

yielded res

nding to ma
ty of the Sin

nder RESO
for human c

damental to

ction of the 
ors, so a bi
he removal 

araquiel inte
ction Board

date has no

with the h

at the point

ort is one 
purpose 

y out proc
proposed in
mmunity in p

collaborati
vement of t

social com
of coopera

ults corres

aximum val
nu River is 

LUTION 21
consumptio

o meet the 

coagulant p
bliographic
power in th

egrated by 
d is active i

ot been car

help of the

t of abstra

of the po
is "To su
esses of s
n the them
partnership
ive way fo
he quality o
mmitment, 
ation among

sponding to

ues permis
acceptable

115, for drin
on. 

expectatio

protein vari
c review is 
he Water to

the commu
n the exec

rried out. 

e communi

ction (Tabl

licies 
pport 

social 
me of 
p with 
r the 
of life 

and 
g the 

o the 

ssible 
e. 

nking 

ns of 

es 

o be 

unity, 
cution 

ty of 

e 1), 



 

relates 
(DECRE
that wat
consump

In relatio
WATER
commun
the imme

For the l
Moringa 
said that
the optim
 
 
 

7. B
 

 A
m
 

 R
he
E
 

 M
76

 
 S

da
te

 
 P

th
B
D

 
 P

O
w

 
 G

D
pr

 
 N

by

the quality
EE 1594 OF
ter Of the
ption, there

on to the c
), the phys

nity aquedu
ediate adap

aboratory p
Oleífera an

t there are 
mal doses o

BIBLIOGRA

AMIRTHARA
mixing y floc

ROMERO R
emodiálisis

Experimenta

MILLER R.G
6:54-91. 

ANGHI, R
asysperma
extile dye so

POUMAYE, 
he clarificati

Bangui, Ce
Design, 90, 2

PRITCHARD
O'NEILL, J. 
well water in

GHEBREMIC
DALHAMMA

rotein from 

NDABIGENG
y coagulati

y of the na
F 1984), wh

e Río Sinú
efore it is ne

current reg
sico-chemic

uct show tha
ptation of th

phase wher
nd the coco
bibliograph
of Each nat

APHY 

AJAH A., O
cculation, C

R. 1989 
s en hosp
al de Cienci

G.; KOPFL

.; BHATTA
a seed gum
olutions. Jo

N.; MABIN
ion of Surfa
entral Afri
2346-2352

D, M.; KUL
G. (2009). 

n Malawi. Ph

CHAEL, K.
AR, G. (200

Moringa ol

GESERE, A
on using M

atural wate
here the va

ú, is of ac
ecessary to

gulations (R
cal analyze
at it is not s
he water su

re the treatm
onut endoca
ical reviews
ural produc

O’MELIA C
Chapter 6. 2

Transferen
pitales de 
ias, Maraca

LER F.C., S

ACHARYA,
m: an effec
ournal of En

NGUI, J.; LU
ace water fr
rican Repu
. 

LULANGA G
Potential o
hysics and 

 A.; GUNAR
05). A simpl
leifera seed

A., AND NA
Moringa ole

er taking i
alues are be
cceptable q
 treat it. 

RESOLUTIO
es carried 
suitable for

upply system

ment and tr
arp for activ
s of the pro
ct. 

C. 1989. C
269-365. 

ncia de m
Maracaibo

aibo (Venez

STROBER 

B.; DIXIT
ctive natura
nvironmenta

UTGEN, P.
from the Mo
ublic. Chem

G.; MKAND
of using pla
Chemistry 

RATNA, K.
le purificatio
d. Water Re

ARASIAH, 
ifera seeds

into accou
elow the al
quality, but

ON 2115 O
out on the

r human co
m, The resu

ransformati
vated carbo
ocess and t

Coagulación

metales en 
o, Universi
zuela),  98.

J.A. J Am

T, A. & SIN
al coagulan
al Managem

& BIGAN,
oringa Oleif
mical Eng

DAWIRE, T
ant extracts
y of the Eart

 R.; HENR
on and acti
esearch, 39

K.S. (1998
s. Wat. Res

nt Colomb
llowable ra
t not suita

OF 2007 F
e water dis
onsumption
ults are sho

ion of the s
on is involv
trials are be

n Process: 

pacientes
idad del Z
 

m Wat Wk

NGH, V (2
nt for the d
ment, 81(1)

M. (2012).
fera: Case M
gineering 

T.; EDMON
s for purifica
th, 34, 799-

IKSSON H
ivity assay o
9, 2338-234

8). Quality o
s., Vol. 32, 

bian regula
nge, conclu

able for hu

FOR DRINK
stributed by
, which lea
own in Tabl

seed of the 
ed, it can b

eing done fo

destabiliza

s sometido
Zulia, Fac

s Assoc. 1

2006). Ipom
decolorizatio
), 36-41. 

 Contributio
M'Poko Riv
Research 

NDSON, A.
ation of sh
-805.    

.; BRUMER
of the coag
44.   

of water tre
No. 3, pp. 

ations 
uding 
uman 

KING 
y the 
ds to 
le 1. 

be 
or 

ation, 

os a 
cultad 

1984. 

moea 
on of 

on to 
ver to 

and 

S. & 

allow 

R, H.; 
gulant 

eated 
781- 



 

79
 

 R
y 
al
 

 M
V
 

 E
m
sa
U
 

 D
vo
M
 

 M
V
 

 M
V
 

 S
S
D

 

91. 

REYES, F., 
potenciali

limentación

MINISTERIO
Vivienda y D

SPIGARES
microbiológic
anitario del

Universidad 

DIANA M. A
ol. 12, No

Medellín, Co

MINISTERIO
Vivienda y D

MINISTERIO
Vivienda y D

ISTEMAS 
Sector del 
Desarrollo E

PÉREZ, A.
idades de

n animal. Sc

O DE PR
Desarrollo T

S GARCÍA
cos, agua
l agua. Pé
de Granad

ARROYAVE
. 22 pp. 3

olombia. 

O DE PR
Desarrollo T

O DE PR
Desarrollo T

DE POTAB
Agua Pot

Económico. 

., SÁNCHE
e Moringa 
cielo, 33(4)

ROTECCIÓN
Territorial. D

A M. AN
s envasad
rez López 

da, Granada

E G. ET. AL
33-44 - IS

ROTECCIÓN
Territorial. R

ROTECCIÓN
Territorial. D

BILIZACIÓN
table y Sa
Bogotá DC

EZ, T. Y AR
oleifera, 

), 1–16. 

N SOCIAL
Decreto 475

D MOREN
das, usos 
J. A. and 

a (España)

LL. Revista 
SSN 1692-3

N SOCIAL
Resolución 

N SOCIAL
Decreto 159

N, Sección 
aneamiento
C, Noviemb

RMENGOL, 
Lamark. 

L. Minister
5 de 1998.

NO ABRIL
recreativo

Espigares 
. 

Ingenierías
3324 - en

L. Minister
Número 21

L. Minister
94 de 1984

 II Título C
o Básico R
bre 2000. 

 N. (2010).
Una altern

rio del Me

L O. 199
os del agu

García M. 

s Universid
ero-junio d

rio del Me
115, 22 de J

rio de Me
. 

C. Reglame
RAS 2000

 Caracterís
nativa par

edio Ambi

99. Carac
ua. In Es
(eds). Edi

dad de Med
de 2013/20

edio Ambi
Junio de 20

edio Ambi

ento Técnic
. Ministerio

sticas 
ra la 

ente, 

cteres 
studio 
itorial 

dellín, 
04 p. 

ente, 
007. 

ente, 

o del 
o de 


