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TREATMENT

TECHNOLOGY SELECTION FOR WATER DRINKING

– HOW TO TAKE INTO ACCOUNT

ENVIRONMENTAL ASPECTS?

Lyda Patricia Sabogal-Paz

Mario Andrés Gandini-Ayerbe

INTRODUCTION AND OBJECTIVES

The implementation of drinking water treatment

plants (WTPs) in developing countries communities brings

benefits to the population in terms of an increase in quality

life. However, for a long time the environmental impacts

of such technological solutions were not taking into

account in the decision making process. Nowadays, in

contrast, it is required that water and sanitation projects

assess their environmental performance. The

environmental impacts in WTPs are mainly generated by

the constructed area, construction volumes, wastes

produced in the treatment and the demand on filtering

media, electrical energy and chemical products. The

mentioned wastes represent a growing concern for Latin

American sanitation companies given the more restrictive

environmental policy and legislation that are quickly

spreading in the region. The situation has encouraged

researchers to look for new water treatment alternatives

as well as options for use and dispose of wastes from

WTPs. In view of these consideration this article aims at:

i) indicating the environmental impacts that have to be

considered in the technology choice of WTP; ii) presenting

a generic methodology which takes into account the

wastes produced in the treatment process in the framework
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of technology choice with sustainability criteria ; and iii )

assessing the wastes characteristics in function of the

WTP type .

METHODS

In order to evaluate the environmental impacts that

have to be considered for technology choice of WTP and

to develop a generic methodology which allows for wastes

produced by water treatment technologies, an extensive

literature review of Latin American authors was made .

The purpose of the literature review was to assess the

main factors, variables and indicators that are concerned

about environmental aspects in the selection of technology

for drinking water treatment . Through a systemic

interaction of these components (factors, variables and

indicators) it was proposed a generic methodology to

facilitate the selection of the most appropriate

technological option , from an environmental point of view.

To assess the influence of the WTP type on the

waste characteristics two elements were assessed : the

operation and the cleaning patterns of the units of each

technology (Tables 1 and 2 ) . The technologies assessed

were : complete cycle (CC) , flotation - filtration (FF) ,

descending direct filtration ( FDD ) , ascending direct

filtration (FDA) and multiple stages filtration ( FIME) . The

flow rates considered for the analysis were 10, 20 and 40

L/s with the water quality indicated in Table 3. The unit

operation and processes of each WTP are mentioned in

Table 4. The estimation of the solid concentration

generated by a WTP was obtained by Equation 1 , as

indicated in Di Bernando and Sabogal Paz ( 2008) , which

associates the turbidity with this concentration :

SST = aT
(Equation 1)

Where SST: total suspended solid generated by the WTP (mg/l )

a : experimental coefficient

T: turbidity (Tu)
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The "a" value was fixed at 1.45 following Sabogal

Paz (2007 ) . Since for water with low true color (see Table

3) the coefficient may vary between 0.7 and 2.2 , it was

taken an average value . The daily mass of retained solid

for each unit of the WTPs was calculated with Equation 2,

also indicated in Di Bernando and Sabogal Paz (2008) .

The results were altered according to the removal

percentages in the cleaning operation of each unit of the

system (values between 10 and 100%) . These percentages

were defined according to literature and experts

recommendation .

MSST = 86.4 Q (SST1 - SST₁₂) (Equation 2 )

Where MSST: daily solid mass retained by each unit ( kg/d)

Q: flow (m³/s)

SST , solids removed by the first unit (mg/L)u1

SST2: solids removed by the second unit (mg/L)
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Table 2. Pattern frequency for decanters discharges, removal of floats

sludge and Flocculator cleaning in WTP
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Table 3. Raw water quality to be treated in WTP and adopted filtration

rate
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Table 4. Characteristics of the assessed water treatment technologies

Technology

Complete cycle

Unit operations and treatment processes

MRHVR+FHCEH + DAT + FRDC +DES + FLU

CC₂ MRHVR +FMEVTI +DAT + FRDC + DES + FLU

Ascending direct filtration FDA: MRHIM +FRAAGC +DES + FLU

Descendingdirect filtration FDD: MRHIM +FRDC +DES +FLU

Double filtration DF :

Flotation-filtration FF :

FIME

FIME2
Multiple stages filtration

MRHVR: hydraulic rapid mix with rectangular hydraulic weir

MRHIM hydraulic rapid mix with injector andmesh

FHCEH: horizontal flowhydraulic flocculator

FMEVTI : vertical axis mechanical flocculator with inclined blades

DAT:plates high rate clarifier

FAD: flotation bydissolved air with pressurization of the recirculation

FRDC: descending quick filtration in sand, at constant rate

FRAAG: ascending filtration in coarse sand,at constant rate

FAP: ascending filtration in gravel, at constant rate

FLA: slow sand filter, at constant rate.

PFD : dynamic thick filter, at constant rate.

PFVAC: dynamic thick filter in layers, at constant rate.

DES: disinfection with sodium hypochlorite.

FLU: fluorination with fluorine silicic acid .

MRHIM + FAP + FRDC + DES +FLU

MRHVR+FMEVTI + FAD +FRDC +DES + FLU

PFD + FLA +DES + FLU

PFD + PFVAC + FLA + DES + FLU

Note: the sub indexes indicates the variations ofthe technology in accordance with unit operations and processes considered
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RESULTS AND DISCUSSION

Environmental aspects in the selection

oftechnology for drinking water treatment

According to Gandini and Galvis ( 2000 ) the

environmental aspects considered in the selection of

technology for drinking water treatment have to deal with

the conflict between development and environment . On

the one hand, there is a significant increase in life quality

in the population which benefits from a drinking water

supply system , and on the other hand , the environmental

impacts generated by the civil works of the raw water

uptake, the distribution net and the production and

consumption of drinking water. The meaning of

sustainability in drinking water supply systems, from an

environmental perspective , comes to terms with an

environmental offer ( available resources) confronted with

a social demand (meet the drinking water needs) . Thus,

in the long term a sustainability criterion should guarantee

the relationship : environmental offer > social demand.

The environmental offer includes two functions that

render a water supply possible : the supply function and

the reception function . While the former provides raw

water to the system in terms of both quantity and quality,

the latter is referred to the environment carrying capacity

to receive and assimilate the wastes generated in the

production and consumption of drinking water and the

effects of raw water uptake and of the whole system

construction .

The social demand for the supply functions regards :

i) the quantity of water needed , which depends on the

population characteristics and associated water uses ; and

ii) the quality of drinking water required to fulfill the health

normative. The social demand for the reception function

is related to the assimilation of the environmental impacts

mentioned above . From an environmental point of view,

the environmental impact is the most important factor to
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be considered in the selection of technology for drinking

water treatment. Table 5 indicates the variables and

indicators that configure this factor. Another relevant

aspect is the associated sanitary risk due to the raw

water quality. This factor deals with the technical aspects

of technology choice and the treatment efficiencies of

technologies.

Table 5. Factors, variables and indicator to evaluate the environmental

aspects in the selection of treatment water technologies

In Table 5 the indicators can be calculated by

establishing an environmental quality index for a

quantifiable magnitude of a certain activity that generates

an environmental impact, as it is shown in Figure 1. It

can be observed that in the x-axis the magnitudes of the

activity that generates impacts are located (build area,

construction volumes, waste production, water

consumption for cleaning, etc) and in the y-axis an

indicator of environmental quality so-called Environmental

Impact Index (IIA).
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In Figure 1 , the magnitude of the generating impact

activities is known , for a set of applicable technologies,

so it is possible to establish IIA= 1.0 for the technology

which has greatest magnitude . Then proportionally,

according to the slope of the line , the IIA for the other

technologies en consideration can be read . In the figure

the technology Tx has a IIA= 1.0 , the technology Tm a

IIA= 0.7 , and the technology Tk a IIA= 0.2 for a given

impacting activity. In this sense, if IIA= 1 for a technology,

it means that this technology will cause the biggest impact

among the possible technologies . Accordingly, if IIA goes

near zero for a technology it points out that its associated

impact is smaller than the expected effects of the other

possible technologies . To apply this methodology, first

the IIAs have to be calculated in accordance with Table 5 .

Then the technology selection criterion will be the minor

environmental impact associated to water treatment .

Methodology for technology choice considering

the wasted produced in WTPs

While in the last item technology choice for water

treatment was evaluated from the perspective of the

environmental impact originated by the systems as a

whole, in this section technology choice is discussed in

relation to the impacts originated by the production of

wastes in the treatment processes only. In this case,

after selecting the unit operations and processes that

conform a WTP, it has to be assessed the treatment,

potential use and final disposal of the wastes . The factors,

variables and indicators proposed for this purpose are

presented in Table 6. Additionally, Figure 2 shows a flow

diagram for the recommended methodology. The indicators

weighting depends on the following activities : i ) literature

review of wastes generated in WTPs; ii ) review of pertinent

environmental legislation ; iii ) selection of technologies

for treatment, use and final disposal to be evaluated ;

and iv) systemic analysis between WTPs and the

technologies mentioned in ( ii ) according to Figure 3.
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Table 6. Factors , variables and indicator

Factors

WTP type

Variables

Figure 1 .

Representation of

the environmental

impact index

Indicators

Existing or in draftform

Complete cycle , direct filtration, flotation-filtration, multiple

stages filtration, among others

WTP •
Coagulant, polymer, activated carbon, etc.

• Variable, constant.

• Daily, weekly, monthly andyearly.

•
Sweeping or neutralization of charges

Cleaning of filters , discharge decanters , shaving of floats , and so

on.

Type ofchemical products used in the treatment

characteristics

Quantity and quality ofraw water

Cleaningoperation ofthe units

primary coagulation mechanism

Wastetype

Characteristics of

the wastes

generated inWTP

Unit operation

andprocesses of

treatment ofWTP

wastes

Wastes treatment

plants -PTRS

Technologies for

wastes uses

Wastes final

disposal methods

Clarifiedwater

generatedby

PTRs

Methods for determining the qualitative and quantitative

characteristics of the sludge.

Parameters adoptedto evaluate the characteristics ofthe

wastes.

Treatment objectives

Characteristics of treatment processes and operations

Type of units to carry out the treatmentprocesses and

operations

Combination of treatment processes and operations

Dry solids concentration expected after treatment

Chemicals used inthe treatment

Available techniques to use the wastes fromWTP

Dry solids concentration needed to use wastes

Techniques for waste disposal from WTP

Solids concentration needed to waste fimal disposal

Define the PTRs that produce clarified water

Evaluation of treatment technologies, use and disposal .

• Chemical analysis and laboratory tests

• Dry solids concentration (% mass/mass)

• Reducingmoisture content compatible withthe techniques for

the use or disposal

• Hydraulic, mechanical, others .

•
Conditioning, equalization, adjustment, thickening, dewatering,

drying and incineration.

•

•

• Types ofPTRs (systems with sludge lagoons , drying beds , etc)

Concentration as a function oftreatment(% mass /mass)

Polymer, lime, among others .

• Manufacture ofbrick or block ceramic matrix incorporation into

concrete, recovery of agricultural land, and so on..

• Depending onthe type of technique utilization ofwaste (%mass

/mass).

•
Wastewater treatmentplant- WWTP, water supply source,

landfill , etc.

• Depending on the type of fimal disposal technology available

•
Sludge lagoons , drying beds , centrifuge , etc..

• Disposal on water sources, agricultural use, among others .
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Figure 3.

* Considering the particulation of the study ana, it in the daign engineer who has to weigh the indicators presented for nasusing the

environmental aspects in the selection of water treatment technologies.

***Only undergraduate level, because not all professionals have the opportunity to undertake graduate studios

As indicated by Sabogal Paz (2007) , the selection

of technologies for WTP with bigger perspectives of

sustainability can be guided using Figure 3. The scheme

(a) is used to explain the concept of sustainability in

sanitation projects . Thus, from the perspective of water

treatment three correlated dimensions have to be taken

into account : environment, technology and community.

The environment is the surroundings where the

community manages is development. It can be seen as

water offer ( quantity and quality of raw water) and

resources availability ( energy, weather, area , raw

construction materials , etc) . The community is the people

who are the target of the project ( beneficiaries, operators

and system maintainers) . From the relationship between

environment and community rise the risk factors (presence

of heavy metals, microorganisms, organic, inorganic and
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Figure 2. Flow chart of the recommended methodology for evaluating

the wastes generated in WTP
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Start

(PTAs evaluated)

The technology is not sustainable. Recommend alternatives

analysis

C

The shortcomings should be resolved before the selection of

technology

Characteristics ofPTAs

Analyze the type ofWTP evaluated (in draft or

| existing) , also if the WTP is the complete cycle

type, direct filtration, float- filtration, etc.

To examine whether the type of chemical

used in WTP affects processing

techniques, use and disposal ofwaste

Do variations offlow and quality

❘ofraw water influent to the PTA:

affect processing techniques, use

and disposal ofwaste?

No

Do operating activities of PTAs

affect processing techniques, use

and disposal ofwaste?

No

Doesthe coagulation mechanism

in the PTA affect processing

techniques, use and disposal of

No

No

Are there

drawbacks?

Are there dambach

Yes

Determine the needfor

PIR:

Definingthe desired solids concentration

after treatment

Setthe combination of processes and

operations ofwaste treatment

↑

Waste treatment plants - PTRS

t

Definition ofthe waits to conduct operations

processesand waste treatment

Analyze the characteristics of the treatment

processesand operations

Defining the goal oftreatment ofwaste

Are there dambacks ?

Treatment processes and operations

Are there damback ?

Setthe parameters adopted to evaluate the

characteristics ofwastes

Definition ofwaste typesto be

evaluated

Definition of methods for determining quantitative and

qualitative characteristics of wastes
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Systemic analysis
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❘ study area affect processing techniques,
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Study area particularities

Yes

Do the treatment techniques, use and disposal of
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Setthe solid concentration needed to se

Methods ofwaste disposal

Defining the methods available for

waste disposal

Establish the solid concentration needed to

waste disposal

Methods oftreatment, use and disposal of

clarified: generated in the PIR:

Definition ofPTRs which geneate chrified

Evaluation of available alternatives to

discharge clarified water generated in the

PIR:

Technology trander
Arethe treatment techniques, use and

disposal ofwaste institutionalized in

the country?

Evaluated aspects
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Flow direction
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Figure 3 - Systemic vision to select sustainable WTP ( Sabogal Paz,

2007)
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radiological substances in the supply source) as a

consequence of environmental impacts brought about by

entropic activities . As a response to the risks the

community creates technologies to modify and reduce

them , with the aim of producing drinking water that meets

health criteria . In order to be efficient, the technologies

must be appropriated by the community (technology

knowledge and capacity for designing , building and

sustaining it) .

The scheme (a) does not assure the sustainability

of water supply projects given that treatment, potential

uses and final disposal of wastes generated by WTP were

not considered in the analysis . Since these wastes

increase the environmental impacts due to human

interventions , scheme (a ) becomes a vicious circle . In

consequence, schemes (b) and (c) arise with the intention

of intruding the lacking factors , in order to close the loop .

In scheme (b) the characteristics, potential uses

and final disposal options of wastes are considers with

their respective interactions . From the relationship between

wastes and their final disposal risk emerges, which has

to be minimized in accordance with the goal -parameters

of treatment for potential uses and disposal in the

environment. Then, scheme (c) carries out the assessment

ofthe solutions obtained in (b) in line with environmental,

technological , social and cultural dimensions and their

mutual dependencies. The outcome of this process goes

again to scheme ( a ) with a higher probability of

sustainability, in the political , normative , institutional ,

economical, financial and cultural framework.

Schemes (a), ( b) and (c) represent the systemic

vision of sustainability. In this context, the selection of

technologies for WTP cannot be separated from the

technologies for treatment, use and final disposal of

wastes, as it is frequently being done by several Latin

American companies, causing important degradation of

environmental resources (For example see Figure 4) .
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In the search for sustainable solutions, the ideal

condition would be to decide on technologies which do

not generate wastes . Given that this condition is not

real , the chosen technology must be efficient in reducing

the risk associated with the raw water quality (following

the legislation guidelines) and , at the same time , produce

a waste that can be treated , used and disposed in a way

that minimize the potential negative effects .

Figure 4. Sludge discharge from WTP ( DIAS et al. 2004)

Influence of the WTP type on the

wastes characteristics

The daily volumes of waste produced by the WTP

were calculated according to the pattern clean indicated

in Tables 1 and 2. In Figure 5 and Table 7 it is verified that

the systems of descending direct filtration ( FDD ) and

ascending direct filtration (FDA ) present the minor

variability in the daily waste production . This situation

occurs because the biggest proportion sludge is produced

in one unit, the filter. Thus, in other treatment systems

such as double filtration (DF, ) , complete cycle (CC, and

CC₂) and filtration in multiple stages (FIME₂) there is a

big variation of daily waste volumes since they have more
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arolinaBilibio,

OliverHenseleJefersonSelbach(org.)

C

treatment units. It can be seen in Figure 5 and Table 7

that treatment systems spend, on average, 6% of treated

water for units cleaning. The biggest lost (9%) was fond

for completefilters were cyclecleaned(CCin1 andthe CC

same2

) when flocculatorsday as and

well as the

discharge from the decanters.

Table 7 - Volumes of waste produced by the WTP
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Note: the volume ofwastes change in function of operation and cleaning ofunits .

Descending directfiltration- FDD1

Figure 5. Daily waste volumes in function of WTP type (Sabogal Paz ,

2007)
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In Figure 5 it is shown than the lowest water

consumption for cleaning (about 2%) was observed for

multiple stages filtration systems ( FIME, and FIME ) , when

during the day the discharge from the dynamic filter was

made only. From Figure 5 and Table 7 it is hard to determine

the systems which produce the biggest waste volumes in

function of daily variations , but in a monthly accumulated

basis , the complete cycle (CC , and CC2) , the double

filtration (DF ) and flotation -filtration ( FF ) systems are

the ones with major impacts . In the analysis it was verified

a proportional relationship between the WTP flow and

the generated waste produced by the system .

With Equation 1 it was calculated the daily mass of

solids removed in the WTP (Table 8) , based on raw water

turbidity, considering the use of 1.45 as the value of the

"a" coefficient . It is emphasized that this coefficient varies

significantly depending on the characteristics of raw water,

so the values given in this article should be analyzed only

as a guide .
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Table 8. Mass of Total Suspended Solids removed daily in WTP

It can be observed in Tabla 8 that direct filtration

(FDDevidence1 andtheFDA

minor1

) and multiple stages filtrationdaily production of SST, given(FiME

the

1)

better quality of the raw water for which these

technologies are suitable for. Table 9 shows the annual

volume of wastes generated by WTP and that are treated

by dehydration reaching a 20% dry solids concentration

(mass/mass).

Table 9. Annual volume of solids of dried sludge

1

S-

andcasestudiesinBrazil

-Vol.

ustainablewatermanagementinthetropicsandsubtropics
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With the waste volume without treatment (Table 7)

or with the volume of dehydrated sludge (Table 9) it can

be determined the costs of wastes use and final disposal ,

adopting a unit value per cubic meter of uptake , transport,

use or disposal , including for the latest the rates of the

wastes acceptance in industrial landfill or wastewater

treatment plants .

In accordance with Tables 7 and 9, the descending

direct filtration ( FDD ) , ascending direct filtration (FDA )

and multiple stages filtration ( FIME , ) technologies

generate smaller environmental impacts , since they

accordingly produce less wastes, suggesting that these

technologies should be preferably chosen for WTP.

However, technology choice does not only lie on

environmental considerations , but also on technical ,

economical, financial and cultural aspects, as presented

in Figure 3. Obviously, preserved water source imply that

treatment can be carried out with more simple

technologies that generate less wastes and associates

costs . It then results that preserving water resources

entail minor environmental impacts coming from WTP

wastes and functions .

CONCLUSIONS

The environmental aspects which have traditionally

been left out of the decisions making in relation to selection

oftechnology for drinking water treatment are an important

element for the sustainability of water supply systems .

In this sense, the environmental offer en terms of the

supply function and the reception function should be

regarded having in mind its fragile and finite character.

Tables 5 and 6 and Figure 3 show the main factors,

variables and indicators that have to be considered in the

selection of technologies for WTP in function of

environmental aspects . It is noted that there is a great

variety of indicators that a professional in charge of a

project must quantify, depending on the area of interest .
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how to take into account environmental aspects?

Given that all the water treatment technologies do cause

environmental impacts the final choice has to assure the

required efficiency to meet health drinking water standards

while minimizing the associated environmental impact

through treatment, use and final disposal of wastes.

WTPs present great variations in the daily waste

produced in cleaning activities commonly adopted , as it

is the case of complete cycle (CC, and CC₂ ) , double

filtration (DF ) and multiple stages filtration ( FIME₂)

systems. Thus, in terms of dehydration of the sludge

(wastes), the equalization and regularization of flow is

required .
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