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o’ THE JOHNS HOPKINS UNIVERSITY
SCHOOL OF MEDICINE

DEPARIMIENT OF PEDIATRICS Please address reply care of
Division of Infectious Discases THEJOHNS HOPKINS HOSPITAL
(3019353271 BALTIMORE, MARYLAND 21205

Baltimore, June 29 , 1987

Doctor
DONALD S. SHARP
Associate Director
, Water Supply and Sanitation
0 Health Sciences Division
International Development Research Center (IDRC)
P.0. Box 8500
Ottawa, Canada KIG - 3H9

Dear Doctor Sharp:

Thank you for sendihg me the guidelines and application forms for
research support and general information about IDRC. We appreciate
your encouragement and support in our research efforts.

As 1 told you on the phone, Professor Maria Yolanda Ramirez and
I, have decided to continue with the research activities and the
multidisciplinary group that we established a few years ago in Cali,
Colombia, which is based at the University of Valle. Under our
leadership, the group involves research workers from the School of
Engineering and the School of Medicine and Health Sciences at the
University, as well as from the Cali Regional Health Unit, which is
.) the branch of the Ministry of Health in Cali. We are in the process
' of formalizing a Jjoint program between the University of Valle and
the Johns Hopkins University, following our research experience for
the last two years at Johns Hopkins.

We are proposing a whole package of investigations in the area of
diarrheal diseases and environmental health, to be accomplished in
the next five years. Our plan consists of the following studies:

1. The first study will evaluate an oxidant generator which the
Pan American Health Org@nvzatlon (PAHO) is willing to introduce in
small communities of deye]op1ng countries. The PAHO device, which
disinfects bacteria, V1ruses and parasites, should improve the
quality of the water suppl\ s of such populations, which do not have
access to a real aqueduct. \This study will be submitted for funding

to PAHO and will be conducted in Cali, Colombia.

2. The second study will evaluate two simple methods for
improving water quality, and thereby improving child health, in
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periurban communities in Cali, Colombia.

We will evaluate the disinfection potential of a simple slow sand
filtration system and the on site oxidant generator device by
themselves and both together against a natural non-treated water
supply. Water supplies will be examined for microbiological and
parasitological quality. Parallel to the water interventions, we will
measure the health impact of these water treatments, among children
from 6 to 18 months of age. Fecal contamination indicators and
specific pathogens will be quantified at the stages of ingestion,
infection and excretion. Diarrheal disease rates will also be
measured. This is the study to be submitted to IDRC for funding.

Besides our multidisciplinary group, which involves, sanitary
engineers, microbiologists, virologists, immunologists,
epidemiologists and pediatricians, we will have two consultants : Dr.
Vincent P. Olivieri, from the Environmental Health Engineering
Division, and Dr. Steven A. Esrey, from the Department of
International Health, The Johns Hopkins University School of Hygiene
and Public Health.

In about two weeks I will send you a pre-proposal describing the
two- year study, which we plan to start by June 1988. The first six
months will be dedicated to preliminary studies, then another six
months for establishing the interventions, plus six months of
evaluation and six months for data analysis and publication. The
project will be performed in periurban communities that do not have
access to the Cali’s main water supply or aqueduct. Our research
group has been working in four of these communities and a summary of
the studies, in final form, will be submitted for publication in the
PAHO Bulletin,

3. A third study will focus on behavioral changes as preventive
measures of the Acute Diarrheal Diseases Syndrome. This particular
project will deal with interventions related to excreta disposal,
personal hygiene and food hygiene. We are considering several sburces
of funding for this study.

4. This will be a virological, bacteriological and immunological
study which will include epidemiologic surveillance, distribution,
attack rates, fluctuations etc, of the leading pathogens of the
enteric tract in some specific areas of Cali, with emphasis on
Rotavirus. Immunological studies of the community from the point of
view of the respopse to Rotavirus infection plus the introduction and -
development of ﬁgpid diagnostic laboratory techniques and some
preliminary studieS on the molecular biology of these viruses, will
also be considered. \ This project will be submitted to "Colciencias",
the main Co]ombian_gqyernmenta] institution for research funding.

5. Based in the previous study we will perform a Rotavirus
vaccine trial in Cali. For such a study we may go to NIH for
funding or possibly to WHO.
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As you can see, we want to have all research pieces together, in
order to evaluate these different interventions as preventive
measures of the Acute Diarrheal Disease Syndrome, under the
ecological parameters of our developing country.

Finally, I plan to contact your representative in Bogota, before
sending you the pre-proposal, in order to follow the appropriate
channels. Thank you in advance for your patience and reviewing this
outline. I would appreciate any suggestions or comments you may have
at this time.

Sincerely yours,

- % %

SILVIO ARANGO-J

Prof. Maria Yolanda Ramirez
Dr. Vincent P. Olivieri
Dr. Steven A. Esrey

Dr. Silvio Gomez J.
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WORKING DRAFT

DISINFECTION WITH MIXED OX1DANT GASES
GENERATED ON SITE (MOGGOD)

A Progress Repor§ of the PAHO Demonstration-Development Project
December 1987 \ e
/%,// ' ,
SYNOPS1S ‘ ,
In 1982 The Pen American Health Organization (PAHO)Ybegan

promaoting the development of technology for on-site generation of
mixed oxidants for the disinfection of drinking water supplies for

small and/or remote communities in Latin America and the Car ibbean.

For brevity this technology was given the acronym of MOGGOD, the term
which will be used throughout the remainder of the article. The
furndamental reason for PAHO’s interest in development of a new
disinfection technology when so many conventional methods and
"eppropriate technologies" already existed was for the simple
ctatistical fact that more than 75% of all disinfection facilities
in Latin America and the Caribbean have failed to provide continuous
and adequete disinfection in spite of more than 20 years of efforts
tc develop human resources, institutions and supporting
infrastructure. The basic concept behind thie initiative is to use
Figh level technology to develop simple, practical but effective
disinfection wethods which are targeted at removing the restrictions
and problems peculiar to Latin Americe that have prevented
caoanventiconal disinfection from being carried out.

In December 1986 PAHO with a 20% contribution from UNDP initiated
the first phase of a demonstration project to introduce agencies and
institutions of PAHO member countries to the MOGGOD concept and to
enlist their support in the development of MOGGOD technology. It
included the purchase of MOGGOD prototypes along with their shipment
toe participating countries in Latin America and the Caribbean for
laboratory as well as field testing under the actual conditions which
have led to the failure of existing conventional methods of
disinfection. It is anticipated that the operational experience
whiich 1s underway will not only familiarize the water supgly sector
with MOGGOD technology but also will lead to accelerated improvements
end application of the devices.

The ambitious objective of developing innovative disinfection
technology in the caontext of Latin America appears possible in light
of the increased scientific knowledge and many technical advancements
made 1n related areas over the previous decade. The project’s rapid
feedback of operational experience from the users to the developers
has already resulted in a considerable number of significant
improvements in design, methadolaogy and technological understanding.
MOGGOD disinfection to date has been at least as effective as
chlaorine in both the field and the laboratory. At this early stage
of the project the results have been very encouraging and definitely
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merit continuation of the effort.
BACKGROUND AND PROJECT JUSTIFICATION:

Although many of the small towms and communities of Latin America
andthe Caribbean have been served with community water systems and
most national plans aim at increasing the water supply coverage in
small and rural communities, the disinfection of that water has been
nezlther adequate nor reliable; more aften than not it 1is not even
carried out. In PAHO’S workshop in May 1984 for the introduction of
the new WHO Guidelines for Drinking Water Quality a participant
survey indicated that more than 75% of the water systems in Latin
America and the Caribbean were either inadequately disinfected or not
disinfected at all. Subsequent studies and investigations indicate a
somewhat higher percentage of failure.

This is one of the most seriocus problems affecting the health of
the residents of small towns, rural areas and marginal urban areas.
The importance of water disinfection has been proven in both theory

and practice. It is a fundamental public health measure and wherever
it has been carried out reliably and adequately has assured health
benefits for the users of the water supply. There are more that 20

diseases related to drinking water supply. All of them are
debilitating and saome are deadly, placing a terrible handicap and
economic burdern on everyone but particularly upon the poor people who
least can afford it. The most sericus and numercus of these diseases
can to a very large extent be prevented through adequate
disinfection. ‘

There have been numerous studies over the past 50 years on the
benefits of disinfection but two of the most recent are of particular
significance to this proposal. In their "Studies of Diarrhea in
Quindio Colombia: Problems Related to Water Treatment” Doctors David
Bersch and Margarita Osorio disclosed an inverse relationship between
the level of residual chlorine and the rates of diarrhea among
children under S years of age. In a pilot project in 1981 financed
by UNICEF and conducted by the Institute of Child Health in Calcutta
India in West Bengal India 300 families received disinfection of
drinking water and another 300 families did not. All other factors
were determined to be essentially the same. Over a nine month period

-there was an 80% reduction in the incidence of diarrheal disease

among the children receiving the disinfected water and only a 5%
reduction in the children which did not receive disinfected water.

In situations where water is the predominant vehicle for the
transmission of Typhoid, Parat>phoid, Cholera, Campylobacter,
Rotovirus, Hepatitus, Dracontiagis or Giardiasis, adequate levels of
disinfectant and adequate contact time will result in reduced
incidence of disease. The health benefits of more reliable , simpler
and lower cost disinfection are patently obvious.

CAUSES OF DISINFECTION FAILURE

To resolve the problem of widespread failure of disinfection in
Latin America and the Caribbean it is first necessary to identify and
understand the nature of the causes behind the failure. Studies and
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investigations* have disclosed a number of commonly cited reasons
for failure to disinfect which are;

1. Undependable or unavailable supply of chemicals.

2. Unavailable spare parts.

3. Operational requirements too complex for local operators to
carry out.

4. Repair of equipment too complex for local operators to make.
S. Inadequete infrastructure to support the purchase, transport,
and storage of chemicals, spare parts and supplies.

6. User dissatisfaction with widely varying chlorine levels .

7. Difficulty involved in local storage, handling, mixing and
dosing of chemicals.

8. Insufficient equipment durability.

9. Insufficient operator training and experience as well as
inadequate basic education.

10. Inadequate safety considerations.’

11. Foreign exchange restrictions.

In almost all specific instances there are multiple underlying
causes for the failure to disinfect; some of the causes operate in
series and others gperate in parallel and they must be resolved
accordingly to obtain a lasting sclution. A variety of approaches
have been taken in the past to solve this dilemma including

institutional and human rescurce development. The results have been
less than satisfactory with an increase of only a few percent in the
water systems adequately disinfected over the last 20 years. A

number of slternative technologies such as czonation, ultraviolet
light, halogenated resinss radietion, iocdination, chlorine dioxide,
chloramines, and appropriate technologies for hypochlarination have
been i1ntroduced to overcome the problem but they haven’t really
circumvented the major causes of the problem. Some have even added
to them. Unfortunately the great majority of work and advancements
in disinfection technology have been aimed primarily at solving
problems encountered in the highly developed and industrialized
countries. They have not been directed towards sclution of the
specific problems and considerably different problems of developing
countries. :

FORMULATION OF THE MOGGOD CONCEPT:

Because no single conventional method of disinfection seemed to
overcome a sufficient number of these causes,; various combinations of
them were explored. The\simple cambination of methods usually
resulted in much more complex operational problems which overshadowed
any advantages gained. Another factor to be considered when
selecting a suitable disinfectant is the microbiological stability in
water distribution systemsg\ A large number of bacteriological
strains as well as molds and protozoa are capable of aftergrowth even
though the water may have been appropriately treated. The
probability of this phenomena occcurring is particularly likely where
the water contains significant quantities of organic coumpounds and
in areas of warmer water and ground temperatures.# These
microorganisms not only result in decreased organoleptic quality but
may also pose a health risk. Since both the warmer temperatures and



organic levels are the predominate conditions in Latin America and
the Caribbean it is important that a disinfectant methodology be
effective, efficient, broad spectrum and that it also provide an
adequate recsidual.

For all of these reasons PAHO began exploring the feasibility of
inmmovative technology which might avoid or eliminate a sufficient
number of the aforementioned problems and causes of failure in order
to increase the probability of achieving successful sustained
disinfection of small community water systems.

Criteria of desirable characteristics for a disinfection device
suitable for small towns and rural areas in lLatin America were
prepared by PAHO to use in discussions with potential developers and
researchers. This included A) simplicity of operation and
maintenance and if possible avoidance of the necessity for chemical
and mathematical calculations; B) robust and durable equipment which
is also easy to repair; C) use of locally or readily available
primary chemicals; D) reliebley effective and safe disinfectant which

‘"would function aover a wide range of typical physical-chemical

conditions and which leaves an adequate residual. This criteria
first led to consideration of existing devices for on-site gemeration
of sodium hypochlorite, but actual experience had shown these devices
to be too complex for the targeted communities.

During the literature research and follow—up with agencies,
institutions, scientists and developers it became evident that it was
usually simpler and less costly to generate a mixture of disinfecting
oxidents thanm a single pure oxidant. There are several additional
potential advantages to the use of a mixture of oxidants.:

1. Different oxidant disinfectants have somewhat different ranges

in which they effectively operate. Combining them may increase

the possibility of broadening that range.

2. Combination of oxidants can act synergistically as

disinfectants.

3. Different oxidants leave residuals of differing half-lives

4., Different oxidants have greater affinity for reaction with

various reducing agents and by combining them it may bd possible

to minimize the undesirable subproducts produced.

It was this realization which induced PAHO to pursue the
development of mixed oxidants generated on-site for disinfection
(MOGGOD) .

EFFECTIVENESS OF MIXED OXIDANTS:

Table _A depicts\the relative oxidatior potential of some of the
strongest known aoxidants. The hydroxyl radical, atomic owygen,
ozane, hydrogen peroxide, the perhydroxyl radical, hypochlorous acid
and chlorine are among the oxidants produced by MAOGGOD devices.
Permanganate is not. Although hydrogen peroxide and the perhydroxyl
radical are not effective disinfectants in water they do satisfy the
reducing agents in water which would otherwise use up the more
effective disinfecting oxidants.



TABLE A

RELATIVE OXIDATION POTENTIAL OF STRONG OXIDANT SPECIES
BASED ON REFERENCE OF CHLORINE = 1.00

Oxidation Relative
Oxidant Species Potential Oxidation
(valts) Power ¥
FLUORINE : 2.87 2.25
HYDROXYL RADICAL 2.80 2.09
ATOMIC OXVYGEN 2.42 1.78
O0Z0NE 2.07 1.52
HYDROGEN PEROXIDE ’ 1.77 1.30
PERHYDROXYL RADICAL - - . 1.70 1.285
PERMANGANATE 1.68 1.23
HYPOCHLORQOUS ACID 1.49 1.10
CHLORINE 1.36 1.00

Duguet, Brodard, Dussert and Mallevialle found that the addition
of hydrogen peroxide to water during oczonation increased the rate of
oczone transfer and the oxidation of organic compounds. They also
found that the addition of hydrogen peroxide in the czonation process
resulted in significant reduction of precursors of trihelomethanes.

Charles P. Hibler, determined that in water with a turbidity of
0.53 to 0.73 NTU containing 10,000 to 40,000 giardia cysts per
gallon,the combination of photozone (0.3 to 0.6 mg/1) and chlorine
(0.2 to 0.38 mg/1l) for a period of 30 minutes of exposure were
sufficient to kill or inactivate all of the Giardia cysts qhile
neither photozone nor chlorine alone was able to achieve
inactivation. The biochemical mechanisms involved in the
inactivation of the cysts is not yet well understood. 1t has been
observed that long duration contact time resulted in destruction of
the cyst. e

Disinfection with MOGGOD appears to be at least as effective and
very probably more effective than with straight chlorine. Additional
closely controlled laboratory testing will be required to precisely
determine this kflation.

THE DEVELOPMENT OF MOGGOD DEVICES:

Largely due t the normal.course of scientific and commercial
development, and_in a small part due to PAHO’S encouragement and
promotion, several advanced fully functional prototypes of devices
for on—-site generation of mixed oxidant disinfectants (MOGGOD) have
been developed and improved. Two distinct groups of devices which
produce mixed oxidants for disinfection have evolved; one relies upon



electrolysis and the other upon photolysis to generate the mixed
oxidants. Both show considerable promise of overcoming or
circumventing many of the major problems and impediments to
disinfection. ‘

The photolysis process utilizes short wave (>185Snm) length
ultraviolet light to dissociate oxygen molecules into activated
species. A schematic of this process is shown in Figure 1. In the
PHOTOZONE process ambient air is passed along such a lamp and the
generated plasma is diffused into an agquecus solution which is
further irradiated by the ultraviolet light further boosting the
oxidizing potential as well as contributing to the disinfection. The
resultant oxidants in the water stream include ogzane, hydroxyl
radical, hydrogen dioxide, hydrogen peroxide, and atomic oxygen.

This mixture of oxidants has been determined to have a greater
oxidizing power than chlorine gas. It has also been shown to be an
excellent disinfectant. The PHOTOZ0NE process uses typically about 7
to 11 kilowatt hours of energy to produce one kilo of the PHOTOZONE
gas.

WATER TREATMENT CELL . WATER OUTLET

- AIR INLET

UV LAMP AIR TREATMENT CELL

QUARTZ
VENTURI TUBE

CHECK VALVE

Figure 1. Schematic of the PHOTOZONE principle.

Unfortunately PHOTOZONE does not include a durable residual among
1ts mixed oxidants. Since an effective and durable residual is
necessary\in Latin American water systems because they are sub ject to
recontamination this device has not yet been installed in the
demanstratign project but is mentioned here because it is a generator
of mixed oxidants.

Electrolysis of a saturated salt solution also is capable of
generating mixed oxidants and a large portiaon of them praovide and
effective residual disinfectant. The generation of a oxidants
through electrolysis has been carried out on a commercial scale since
the turn of the century and steady advancements and improvements have



been made particularly in the chlor-alkalai industry. The
introduction of the dimensionally stable anode and the perfluorinated
membranes in 1969 and their steady improvement has radically improved
the efficiency, lowered the cost of production, and greatly reduced
power requirements of the electrolysis processes. Today 90% of the
chlorine capacity of North America is proeduced utilizing these
devices and the resultant methodology.

These advancements have made the on-site generation of mixed
oxidant gas disinfectants a feasible alternative. The same basic
technology, but adapted to insure aperational simplicity, durability
and compatiblity with conditions in remote, small and poor
communities has been used to develop the MOGGOD units. To do this
some of the efficiency of the electrolysis process has been
sacrificed but it is more than compensated for by a gain of averall
efficiency which takes into consideration the community capability,
storage, transportation, national supporting infrastructure, local
conditions and the prevalent human element. A number of prototypes
have been produced by different entities and they are considerably
beyond the laboratory bench model stage with several units being
produced commercially and one particular model having functicned
quite well in 10 different actual field installations. The first
installation has now been in operation for over 3 years and cantinues
to function exceptionally well, equalling or exceeding the efficiency
of conventional methads of chlorination which had previously been
used but failed to perform satisfactorily.

CHLORINE AND

OXYGEN SPECIES HYDROGEN

WATER AND 2-10
SALT . D

| 1
I j
CELL @ =z . CELL
S I8 8 SODIUM
< i % g HYDROXIDE

Figure 2. Schematic of MOGGOD electrolytic cell.



Figure 2 is a schematic drawing of the MOGGAD unit indicating the
relation of the electrolytic cell components and the input and output
of chemicals. The cell is divided into the anode and cathode
compar tments by a semipermeable membrane ( Nafion ) which is a high
performance reinforced composite of perfluorinated cation exchange
copolymer. The unit also incorporates a TIR-2000 DSA anode (ELTECH)
and a cathode of 440 stainless steel. In addition auxilliary
electrodes which are operated at a lower EMF than the primary anode
are located between the anaode and the membrane. A saturated
solution of sodium chloride is maintained in the anode compartment by
the addition of water and excess sodium chloride and a 10% sclution
of sodium hydroxide is maintained in the cathode compartment by the
addition of sufficient water and drawoff of excess liquid. Chlorine
and activated oxygen species (the mixed oxidant gases) are generated
at the anodes while hydrogen gas and sodium hydroxide are formed at
the cathode. In the MOGGOD process the mixed oxidant gases are
injected into the water to be 'disinfected, the hydrogen gas is vented
to the atmosphere and the excess sodium hydroxide is collected to be
utilized for other purposes or to be disposed of.

A somewhat similar cell was described by Michalek and Leitz (%)
in 1972, but no mention was made of Oxygen species being gernerated at
the anocde. This could have been due to both the absence of an
auxilliary electrode and the use of a DSA anode developed
specifically for the generation of chlorine rather than ore for the
generation of axygen. ’

Figurg 3 is a graph which portrays the useful life of the TIR
2000 anode as a function aof current density in amperes per square
inch of anode surface in a solution of about 15% sulfuric acid.
Increased thickness of the iridium oxide based coating yields an

16533 Heavy '
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Figure 3. TIR-2000 Lifetime wva. Current Density



increased useful life expectancy for the anoce. Since the
operational current density of the MOGGOD unit ranges between around
0.6 and 1.0 amps per cquare inch the life of the anode will range

between about 3 and 8 years for the extended life coating and from 7
to 12 years for the heavy coating if the electrodes are in operation
24 hours a day.

Another method which is being developed for the generation of a
sclution of mixed oxidant disinfectants uses an iridium coated
titanium cell with laminar flow. This device which has functioned
well in the laboratory has yet to be field tested in Latin America.
The disinfectant solution has been tested for effectiveness and
equals of exceeds that of chlorine.

PAHO’S PROJECT FOR DEVELOPMENT OF MOGGOD TECHNOLOGY:

The initial phase the MOGGOD development project was devoted to
promotion, encouragement and fastering the MOGGAOD concept and was
planned to obtain contributions from government agencies ,
universities and academic institutions, professional organizations
and private industry. This was carried out primarily through
personal contact and dissemination and sharing of information. It
was also incorporated into PAHO’s program for improvement of drinking
water quality and the MOGGOD concept was brought forth at PAHO
wor kshops, conferences, seminars and meetings which in any way were
-related to drinking water, water quality, water treatment,

distribution systems. Advancments in all related areas of technolagy
were closely monitored. Sites where installation of MOGGAD type
devices had been made by the private sector were visited. Some of

the more promising prototypes and second generation MOGGOD devices
were purchased and limited testing was carried out by PAHO staff.
Many project proposals for MOGGOD development were prepared and
submitted to funding agencies.

A total of four MOGGOD devices were purchased by PAHO for use in
situations of emergencies brought about by natural disasters for
temporary disinfection of water supplies. This was done because
shipment of chlorine products by air freight was prohibited and the
particular devices utilized salt as the primary material. They
functiconed well but the length of agperation was too short to draw
many conclusions about durability, continuity of operation, repairs
or maintenance problems.

In July 1986 PAHO awarded a research grant for investigating the
effectiveness and efficiency of a MOGGOD device relative to chlorine
and i1in December 1984 advance funds were received from UNDP under the
PAHO/UNDP Critical Poverty Program. Matching funds were obtained
from country offices and more than forty MOGGOD devices have been
purchased and sent to Latin America and the Caribbean for
demonstration projects, field testing, laboratory analysis.
Countries which have received these devices are Argentina, Bolivia,
Brasil, Columbia, Costa Rica, Ecuador, Guatemala, Honduras, Jamaica,
Mexicos Peru and St. Ltucia. Most of the countries have agreed to
collaborate in the demonstration/development project and have



commenced various activities but two of the countries have declined.
Collaboration is under consideration in Cuba, Barbados, Chile,
ParaqQuay and Verezuela.

Research has been carrvied out in Argentina, Mexico, and the USA
and more is in the formative stages in Argentina, Brasil, Colombia,
Cuba, Guatemala, Ecuador and Peru.

PURPOSE OF THE DEVELOPMENT PROJECT:

The overall objective of the development project is to foster and
accelerate the development of MOGGOD technology in a manner which
will serve the needs of small towns, communities and rural villages
of Latin America and the Caribbean.

The specific objectives are to:

1. Test various MOGGOD devices under as wide a range aof actual
but typical field conditions as possible to determine advantages
and disadvantages, strengths and weaknesses and to make
recommendations for improvement of the devices.

2. Obtain a better understanding of the technologies involved in
the production and utilization of mixed oxidants

3. Disseminate knowledge and information regarding MOGGOD among
the institutions and agencies of Latin America.

4. Encourage international collabaration in the development of
this technology.

S. Provide data on which to base installation criteria,
operation and maintenance instructions, to obtain further
refinements and improvements in design and manufacturing.

6. Determine the feasibility of manufacturing the egquipment
locally.
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7. Develop parametric relationships for equivalent mixed oxidant
residual and free chlerine residusl.

8. Determine the minimum mixed oxidant residual to guarantee
pathogen free water.

S. Feed back field performance characteristics to manufacturers
to facilitate improvement of equipment performance and
reliability and to improve manufacturer support services and
reduce costs.

10. Determine and understand the complex chemical reactions of
MOGGOD.

11. Develop a data base for installation and operation and
maintenance costs.

12. Define commercial quality standards for manufacturing MOGGOD



devices and improve technical specifications.

13. Determine the practical upper limits of MOGGOD device
capacity.

14, Determine the effectiveness of MOGGOD against specific
waterborne pathogens under varying conditions of turbidity, pH,
and temperature.

153. Investigate the paotential of MAOGGOD for removal of
undesirable substances fraom drinking water such as iron, heavy
metals, phenolss cyanides etc.

SUMMARY OF ACTIVITIES CARRIED QUT TO DATE:

10.

Lecture-demonstrations of MOGGOD Technology were carried out in
twelve countries, involving 48 3gencies or institutions.

A total of 47 units of MOGGOD and assesories were purchased to
Argentina, Bolivia, Brasil, Colombia, Ecuador, Guatemala,
Hondurae, Jamaica, Mexico, Panama, Peru and St. Lucia.

Models for easy to understand manuals for: a) installation of
MOGGOD,s, and b) operetion and maintenance of MOGGOD were prepared
under contract in both Spanish and English.

Technical information on MOGGOD was provided to all of the
pertinent agencies of the countries participating in the
PAHO/UNDP Program and to an additional seven countries and their
appraopriate agencies.

Draft proposals for national MOGGOD demonstration projects were
prepared and provided to Argentina, Colombia, Mexico, and Peru
for submittal ta the natiocnal offices of UNDP for funding.

Draft terms of reference for participation in a regional MOGGOD
demonstration project were developed and provided to eight
countries.

Three MOGGOD research praojects were implemented and five
additional research proposals and protocols and are in the stage
of soliciting funds.

As a direct result of this project,; manufacturing of MOGGOD
devices has been initiated by private industry (FENAR) in
Argentina and is being erplored in Mexico by CEDAT. CEDAT has
developed a number of prototypes, which are being field tested.
It 15 under consideration in Colombia

MOGGOD devices have been installed in seven of the participant
countries and field testing is underway .

Field visits were made to a total of 20 potential field
demonstration sites and instructions for site preparation and



MOGGCD 1nstallations were provided.

11. An international seminar on disinfection of small community water
supplies with MOGGOD was held almeost exactly one year after the
demonstration - development project was initiated..

FINDINGS 7O DATE:

There are several potential economic benefits of improved
disinfection through MQOGGAOD. There is both the direct cost reduction
of the disinfectant itself and that which is due to simplified
operation and maintenance requirements of the apparatus. Another
economic benefit would affect those countries which import chlorine
and chlorine products by reduction in foreign exchange of currency.
Finally, there is the intuitively obvious but less definitive
economic benefit of a healthier people.

Although more time is needed to sufficiently stress the
components of the MOGGOD devices it presently appears that the cost
of MOGGOD disinfectant ranges from USt 0.25 to 0.60 per kilo
produced.

There are a number of advantages of MOGGOD which should help
avaid a number of the problems encountered in sustaining conventional
chlorination, particularly in small and remote towns and communities.
They are:

The only make up chemicals are salt (sodium chloride) and water.
Sodium chloride is available almost everywhere for other uses.
This chemical is easily trensported, stored, handled with minimal
hazard to the environment and none to the worker. It is also aone
of the least expensive chemicals available.

Power reguirements are extremely low. The voltage requirement is
between S and 10 volts at the electrodes and the current drawn is
about 12 amps per kilogram of disinfectant generated cver a 24
hour period. If conventional electricity is not available it is
feasible to utilize photovoltaics or mini-generators on the water
transmission line for a power source.

Operational requirements are visually oriented. Mathematical and
chemical skills are not essential for the correct ocperation. 1t
can be visually determined when it is necessary to add sodium

chloride. The operator merely looks to see if the salt crystals
or the water level are getting low and adds some more if
necessary. The amount of disinfectant applied is determined by

the adjustment of a dial (rheostat) to obtain a predetermined
current indicated by a needle. All of this simplifies operation
for the typical poorly educeted operator.

The oxygen species of the mixed gas disinfectant are the
dominant species and tend to react with organics and other
substances before the chlorine species. This results in the
chlorine species acting primarily as a residual. This generally
results in improved taste and odor of the water and enhances user
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csupport for continuous and relilable disinfection.

The electrode to electrode power consumption in the MOGGOD units
to date fall in the range of 4 kilowatt hours per kilogram of
oxidant produced.

The MOGGOD device produces only the amount of oxidant needed
instantaneously thereby decreasing the problems of storing large

quantities of highly reactive substances.

To date it has been determined that MOGGOD disinfection is at

. least equivalent to disinfection with chlorine in both the laboratory

and actual field installations. Additiconal experiments are necessary
to check the effectiveness against various pathogens.

THe weakest component of the MOGGOD devices is the membranes.
Care must be taken to not puncture them.  Even though training has
been given and warnings of the fragility of the membrane, it has been
punctured when the operator tries to clean off deposits with
something other than water, such as a brush or screwdriver. Some of
the techniques and methods used for installing and replacing
membraries do not lend themselves well to easy repairs.

The use of impure salt (sodium chloride) has caused move problems
than any other factor through clogging of the membrane. Apparently
there is a great temptation to use impure salt and the unit will
function for quite some time using impure salt but the decrease in
useful membrane life is directly proportional to the increase 1in
impurities. It is possible to clean the membrane with an acid
solution- but the inconvenience and labor costs are higher than the
difference in cost between pure and unpure salt.

Even though instructions have been given and installation drawing
provided a number of installation have bheen poorly designed and
constructed. A technical expert should be present for the first
installations in a country or region of a country. A concerted
collaborative effort should be made to develop a good selection of
standard drawings for typical installation conditions in Letin
America and the Caribbean.

MOGGOD devices do not constitute a panacea but a good alternative
for disinfection in small community systems. )

Even though the operation and maintenance of the MOGGOD devices
are extremely simple; training is nonetheless required for new users |\
of this technology. They require attention at leact once a week and
preferably twice a week.
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COMPARATIVE BACTERICIDAL AND VIRICIDAL ACTIVITY OF ON-S5ITE
GENERATED OXIDANTS USED FOR THE DISINFECTION OF WATER
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DWCEMBER 711, 19§

WINCENT B OLIVIERI

DEFARTMENT OF GEOGRAPHY AND ENVIRONMENTAL ENGINEERING
THE JOHNS HOPKINS UNIVERSITY

BALTIMORE, MARYLAND

& small pilot scale study was conducted in the laboratory to
determine the efficacy of the mixed oxidante geioratel Drom o
are:ll slectrolytic cell. The specific obdectives were:

1. to compare the bactericidal and viricidal activity
of the mixed oxidants generated by the on-site
generated disinfectant device to that of an eguivalent
concentration of free chlorine. )

2. to determine the presence or absence orf short-lived

biocidal species in the mixed oxidants produced by the
on-site generated disinfectant device.

EXFERTMENTAL FROTOCOL

Comparative Digsinfection ¢
The disinfection trials were conducted in three plug flow

reactors, run in parallel, Baltimore City tap water was
dechlorinated by filtering through granular activated carbon
column and was used for this series of experiments. The

dechlorinated tap water was not tempered or buffered. The
temperature over the course of the experiments was 18-23 C and
the pH ranged from 7.0 to 9.0. A microbial test mixtures
containing washed and purified suspcnsions of E. c¢oli, P.

aerudinosa, and or B. subtilis, and F2 virus at level of 107 to
10 of each of the test microorganismus/ml was aspirated into
dechlorinated, untcupered and unbuffered Baltimore city tap water

and allowed to mix through a short coil of 1/2 inch tubing prior
to the addition of disinfectant. The total flow for the three
parallel reactor system was slightly wore than 2 gal/min. The
mi~rolial  mixture was metered in such that the microbial test
deLiteare was dilluted about 1000 fold. The final microbial denusity
at tim:- sero was about 10000/ml for each microorgenism. Control
samples were collected for determination of chlorine residual and
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microbial density after the granular sctivated carbon over the
course of the experimental trial. The flow containing the test
microbial mixture was split in three continuous plug flow
reactors. The reactor conditions are listed in table 1. Reactor
A, B, and C contained-the following disinfectants, the gas form
the on-site oxidant generator, the solution prepared from the
gas from the oxidant generator and a chlorine solution prepared
from chlorine gas, respectively. The presence of short-lived
oxidants produced was evaluated by preparing a solution from the
oxidant gas about 1 hour prior to the beginning of the
disinfection trial and allowing the gas to prerecact tc dissipate

any short-lived intermediates.

Table 1. Reactor conditions for the three parallel plug flow
reactors. - :

INITIAL
MICROBIAL
FLOW o DENSITY . TEMP
KEACTOR  GAL/MIN  DISINFECTANT /ML, pH c o
A e ki gas 10000 7.0-9.0 16-22 C
A’.E‘) [V . L4 ‘
B 0.8 oxi solution 10000 6.8-9.0 1823 C
SO L
C . 0.5 .. . _chlérine 10000 6.8-9.0 18-23 C

Reactors A, B and C received the same test water at the samc
microbial, chemical and physical conditions. The oxidant gas or
sclution was aspirated into each reactor and the oxidant flow wa:s
monitored by a rotameter and controlled with a metering valve.
The disinfectant flow was adJjusted such that the total residusai
oxidant was the same at the first sample port immediatei:
following the disinfectant aspirator and mixing loop. The test
system was allowed to equilibrate and was monitored residual
disinfectant for 1 sample course prior to beginning each
experimental trial.

Sampling protocol

Each reactor had provisions for 4 sampling ports after the
addition of disinfectant. The contact time for each port and
each reactor was determined with fluorescein dye tracer added at
the disinfectant aspirator under the conditions of flow used for
the experimental trials. The contact times for the sample ports
in each reactor are given in table 2.
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Table 2. Contact time determined by fluorescein dye tracer
studies. Fluorescein was added at the disinfectant aspirator and
continuously monitored at each sample port. The flow rates for
reactors A, B, and C were 1.0, 0.5 and 0.5, gal/min,
respectively. Each number represents the average of AT LEAST 6
trials for each port.

TIME. SECOMDE

FEACTOR 4 F A
FORT 1 : c1 21 17
PCRT 2 : 40 ' 77 76
PORT 3 115 12z
PORT 2 {3 150 148

After equilibration and monitoring, the three plug fliow reactors
were run simultaneously with three sample cycles for esch trial.
Samples collected for chemical and biological analysis. Each
sample cycle consisted of an initial 200 ml =ample to rinse thc
rort and collection besker, a 200 ml sample for chemical analysis
and an approximate 75 ml sample for microbiclogical analysis.
Thw> chemical samples from the first and third cycles were
imueiiately assayed for free oxidant and total oxidant by
ampercmetric titration while the second cycle chemical sample was
used for the determination of pH. The grab biclogical samplec
were collected and combined in a 250 ml sterile polyethylenc
bottle containing 0.2 ml of a 1 % thiosulfate solution to stop
the action of the oxidants. Chemical and biological samples were
also collected after the carbon filter and before disinfectant
addition (This was the zero time sample, No.) for each cycle.
Total oxidant in the latter sswuples was debermined by the DPL
method and was always negative after the carbon coluan. The
biclogical assays were conducted as soon as possible after each
trial.

METHODS

Chemical
Freparation and Assay of Disinfectants

~ Chlorine solutions will be prepared by bubbling chlarine gnas
fheroigl triple distilied  water. Chlorine corncentrsi fonn wee
determined spectrophotometrically, colorimetrical 1y ana
amperometrically according to the methods and procedures
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described in Standard Methods _for the_ _Analysis of Water and
Wastewater (APHA, 1985).

The oxidant gas was generated in an electrolytic cell
supplied and manufactured by Oxidizers Inc. located in Virginia

Beach, Va., USA, The oxidant g&as denerator was set up and
operated according to the instrucktions supplied by the
manufacturer with minor modificaticns Total oxidant will be

measured by  the amperometric and colorimetrivc  meethods used for

chilorine given in Standard Methods (APHA 19350

M ITROBIOLOGICAL
Ireparation and &dscay of Beacterin

Escherichiia ¢colli strain B wag grown overnight urder serated
cenditions at 37 C on tryptone yeast extract (TYE) brothn. Yhe
bacteria was washed three times in phosphate buffered saline and
added to the water to be disinfected at a density of 10,000
colony forming units/ml  (cfu/ml). Survival of E. cali wvas
determined by spread plates on Maconkey’s agar. Fed celanies
sore counted after incubation atr 27 C for 485 hovirs,

CUEUdOoGAl AcoMELuLSs was srown overnight amnder acrotedd
conditions at 37 C 0 on tryptons  yeast extract {TYEF brovh. The
hacteria was washed three times in phosphate buffered saiiire ol
added to the water to be disinfected at a density of 10,0600
cfu/ml. Survival of P. aeruginosa was determined by spread
plates on Maconkey’'s agar. Coloriess coloriies were counted after
incutetion at 37 C for 48 hours.

Bacillus subtilis spores were prepared were added to the
water to be disinfected at a 1level of about 10000 cofu/ml.
Survival of B, subtilis spores was determined by spread plates on
trypticase soy agar after treatment of <camples at 8C C for 10
minputes. Orange:. colonies were enumerated after 4E8-72 hours
toe sttt ion at oroom temperatupre:.

Creparation snd Ascay of FY Facterial Virus

The bucterizl virus was grawn and puritied amt sdddi To the
west system at about 10000 plaque forming units /ml, pfusml. The
survival of F2 will be determined by the agar overlay technigue
on tryptone, veast extract agar using E. c0ll K13 as host.
Plagques were counted after 13-24 hours incubation at 35 C.

BESULTS

The tQtal oxidant residual reported as available chlorine is
shown in fig;re 1 for the three parallel plug flow rceactors for
oxi gas, o solution and chlorine for the time course of the
dirinfectiqn\\ The data is for experiments conducted at a setting

2t 5.0 -6.2 amps for the oxi generator and represents the averade
+ 3-5 trials. The total residual coxidant was zimilar  for the
P disinfectants,

Tigare O sy rthe ey vivied 7% B DUNEEFIL B XU SYRIRTES SR PR S
ooy witnout any oXidant., The levels of  E. coili wve Yepornted
ne  the survival fraction, N/No and remained constant over the
time course of the experimental trials. Little difference was


http://�%22nd.it

- A

HOHLTITMOS JHEEOIHD ¢
SOHDO3S "I

kL . ccl 0ol ) a9 F A 0

[y

HOWUT DS 19 - SYU

-

e =

L S N _ ) ! [ L1 b1 1

b

e Rt .ln;llll!Lu
Pa

L

e

SdiY ¢’ 8—0'8

|9

]

ul

T



oo Bl B : PRl he B (ol Bl .
% = PR -+ e e ]
; S| B
i §
ISR Ty
Sk d el S ST ) e Ay v
Sl Sre b thel v E T St O ¢

|
},
|
-
i3
|

R e 7

A e e —— e -
— eI T e -
e =TT T bt T e o
T B P S T T e

P I H

SOA S A0 TeAlsng e 709l




HLN0S IO THS <

qF L Gcl

NOHTTOS (RO + SV G

SONGD3S ‘INL

001 03 avy o
I ) ! 1 ) I ! ! ] !

D
o8]
(&)
)

4

xﬂl
.*f

3 \ _, - 57—

./ _.

SdiY 28-0'8

|l_ ..JH.«\ ) \_.... ~ .~.<....’. .r;‘l* ~\1~ .r\llw _ _ p\“.l/v M.W.

=

ol

N

~~

=

-

i

VES TIVAING

NGHE

‘

NN

o

~



__?u_:_\_,__.)...muz_mo.fo o . v._o:_,_._om_xo + m«\o_xo n
SQNOJ3S ‘ANIL - .

%L ozl 00l 0§ 0% ot 0z 0
! L L ! L . | { 1 ! ! TR N p—

1
]

|
o001

~
=

OM/N ‘NOLLDVMHL TVAIAYN®

ﬁ G-

Sdiiv '8 —~0'8.

WAIAENS psoutbrusn o 9g 3yn9d




HOILNTOS IHEOTIHD &
Saan3s 3L

MOILTOS 1D

avi XAt 001 g as Qb 0 {
| { A 1 | { ! J A i |
oﬂ.
/a
4//. —
R /./
///.. // \
// ./ \ F )
N,
/.“./
kY
\
,.//. o
DN . .
\ S '
\ &
/,. /If/ \ /
\ .
) o m./
", ~ S~ S
. " =~ N
-

Sdilv T80,
AYAIAHNTS

SNAIN 2

1

Yiud IYAIALNSG SOT

b

]
e

!

O

MAN M

o
Q



10

observed for the three different reactors. Similar results were
obtained for P. aeruginosa, B. subtilis and f2 virus.

The comparative disinfection of E. coli, P. aeruginosa, and
f2 virus 1is shown in figures 3a, 3b, and 3¢, respectively. The
survival of each microorganism is reported as the 1log of the

gurvival fraction over the time rourse of disinfection Each of
the test microorganisms was rapidly inactivated with cach. of the
test disinfectants. Little difference was c¢bserved for the
microbial survival for the oxi gs3, the oxi  solutior or Lhe

chlorine solution.

Figure 4 shows the  total oxiiant residual for comparative
trials where the current to the oxi gas denerator was variel from
2-8 amps. The total oxidant wss sbout 0.5 mg/1 for the 2 and th-
4 amp trial, while the total oxidant was about 2.5 for the & arnd
8 amp trials. The oxidant residual was constant. over the time
course of disinfection. The comparative microbial inactivation
is shown in figure 5a thru bec. When the difference in oxidant
residual is taken into acccunt, 1little difference in the
disinfectant efficacy for the oxi ¢as was found.

SUMMARY

The gas produced by the on-site disinfectant generator
rapidly inactivates E. ¢oli, P. aeruginosa, and f2 virus in
water. The disinfectant activity the gas appears tc be

cquivalent chlorine solutions at an equal total oxidant residual
under the same chemical and physical conditions. No evidence for
the presence of biocidal short-lived products was observed.
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Presented ""at the International Seminar on
Disinfection with Mixed Oxidants Generated

Lima, Peru, December 5-12, 1987

WATER DISINFECTION WITH A MIXED-OXIDANT SOLUTION

Ann M. Pendergrass, Helen F. Gram, Deborah K. Stcele, and Marke W. Talley
Los Alamos Technical Associates, Inc.
Los Alamos, NM

Abstract

An innovative water treatment system produces a solution of mixed
oxidants, including free chlorine, hydrogen peroxide, hypochlorite, ozone, and
free radicals from dilute brine. The small, rugged, portable unit operates
unattended and at a low power requirement. Each volume of the mixed-
oxidant solution, which is fed directly into water to be disinfected, can treat
up to 1,000 volumes of contaminated water. The treatment method has
proved effective against several human pathogens, including cysts and spores.
Treated water meets all U.S. drinking water standards and recommendations.

1. Introduction

Safe drinking water is a goal but not a reality in many parts of the world—
developed as well as developing countries. One answer to this need is a small, portable
water treatment unit that can be safely operated at low cost by people who are not

highly technically trained and that can serve a range of community sizes.

Los Alamos Technical Associates, Inc. (LATA), located in New Mexico, has
developed a simple, low-voltage electrolytic method of sterilizing potable water that can
be used in remote locations, developing countries, and natural disaster areas. The
method requires only electrical power and salt or seawater and produces a mixture of

oxidants directly in solution. One volume of the oxidant stream mixed with 500 to 1,000

- volumes of contaminated water will quickly kill common microorganisms, including

\

\(

human pathogens such as Giardia, Legionella, and Pseudomonas that are resistant to
chlorine. The treated water meets U.S. drinking water standards and is safe for human
consumption. Power requirements are 12 Vde to 24 V dc, 14 A for a unit capable of
producing up to 30,000 & (8,000 gal) of potable water per hour of operation or 700,000 ¢
180,000 gal) of potable water in a 24-hr day. The unit operates unattended and can be
aintained by semi-skilled persons. In addition, no hazardous products are required or

produced.

The water treatment system developed by LATA is small in size, rugged, and

portable. The pilot unit shown is about the size of a television set. The only moving part

1
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-of the system is a small pump that moves salt solution through the system. The mixed-
oxidant solution, which is electrolytically produced, contains free chlorine, hydrogen
peroxide, hypochlorite, free radicals, and ozone. This solution mixes directly and easily
with the water to be disinfected, offering some advantages over gas-phase systems,

which will be discussed Iater. A U.S. patent application is pending.
2. General Description of the Electrolytic Water Treatment System

The water treatment system is designed to be very flexible and simple in both

construction and operation. Required parts are

. a salt solution supply, such as 550 ¢ (150 gal) tanks;

- a power source, which can be 220 V ac or 110 V ac;

. a transformer to produce 12 V de to 24 V de, 14 A current;

. an electrolytie cell to produce the oxidant solution, 10 cm (4 in. x 6 in.);

. two rotometers to adjust the flow rates of the oxidant and discarded streams;

. a vacuum breaker seal pot to keep the flow rate of the oxidant solution
constant when the supply line is connected to a jet cductor;

. an oxidant outflow line; and

. a discard outflow line.

The unit is contained in an all-weather fiberglass case. Because salt water is

corrosive, all wetted parts are stainless steel or polyvinyl chloride.

A diagram of the watex: treatment system shows its schematic design (Figure 1).
External connections supply electrical power and dilute salt solution to the unit. Both
power end salt can be supplied in several ways, making the unit highly adaptable, to local
conditions. The power supply can be 220 V ac or 110 V ac. According to a study made by
one of LATA's engineers, power could also be supplied from solar panels. With some
modifications, a 12 V diesel generator could also be used.

Tile dilute salt solution can be provided by seawater or by crystalline NaCl added
to watexi'rawn from the supply line before treatment, as shown in the schematic.
Preparation of the dilute salt solution can be simplified for nontechnically trained
personnel (Figure 2). A saturated solution of salt is prepared; then a known volume of

the saturated solution is diluted to a predetermined volume in the feed tank. The
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saturated concentration of NaCl is not very sensitive to temperature; there is only about
a 10% increase (35.7 g to 39.1g/100 ml) between 0°C and 100°C. This variation in

salinity can be compensated for by a transformer that supplies a constant current.

From the supply tank, salt solution is pumped through the electrolytic cell
Oxidants produced in the cell emerge in the anolyte stream, and the catholyte stream is
discarded. The rotometers control the rate of flow through the system. A jet eductor,
which has no moving parts, operates on the pressure drop caused by flowing liquid—that
is, the oxidant solution is aspirated into the water stream (i.e., venturi effect). The
partial vacuum on the feedline of the jet eductor introduces the oxidant solution into the

water to be treated.
3. Operating Parameters of the Water Treatment System

Sizing Flexibility

The water treatment system is designed to be flexible to meet the requirements of
the specific location. The oxidant production unit is modular; two or more could be
installed in a series if the demand for treated water exceeds the capacity of a single unit
and to provide backup capability if a unit should require maintenance or fail.
Alternatively, a unit could be operated for only part of a day. The flow can thus be

matched to local demands.

Production Capacity

One modular unit with the cell operating at 14 A uses dilute brine at the rate of
60 &/hr (16 gal/hr) as feedstock. The brine is 0.75 M NaCl, which is equivalent to
seawater. The unit produces 30 ¢/hr (8 gal/hr) of mixed-oxidant solution and the same
volume of discard (Table 1). Based on effectiveness tests, this volume of oxidant

solution can treat 30,000 ¢/hr (8,000 gal/hr) of potable water.

Maintenance \

Continuous, unattended operation has been demonstrated with the pilot water

treatment system. A unit can be s\ized so that it is only necessary to replenish the brine
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TABLE 1

WATER TREATMENT SYSTEM OPERATING PARAMETERS

Power Use .
Cell 12 Vto24V, 14 A
Pump 1160 V, 1A
Salt Use 1.8 kg/hr (4 Ib/hr)
43 kg/24 hr (95 1b/24 hr)
Brine Flow Rate 60 2/hr (16 gal/hr)
Oxidant Production 30 2/hr (8 gal/hr)
Discard Stream 30 o/hr (8 gal/hr)
Water Treatment Rate 30,000 o/hr (8,000 gal/hr)
‘ at 1: 1000 oxidant solution 700,000 2/24 hr (180,000 gal/24 hr)
‘ to contaminated water

supply once each day. Operators need not be highly trained. Their requirements are to
fill the brine tanks, turn the unit on, verify flow rates and ampere reading, and test for

chlorine in the treated water by using a standard color test kit.

Power Sources

The pilot water treatment unit was developed for a 220 V, 50 Hz power. supply. A
constant current transformer supplies 110 V to the pump and variable voltage at 14 A to
the cell. The unit can readily be adapted to other power sources. The voltage supplied
to the cell to create a 14 A current flow may depend on parameters of the local water

used to prepare the brine feedstock.

Salt Supply .

The water treatment system has been developed for dilute brine feedstock such as
seawater or 0.75 M (30 g/¢ or 0.25 1b/gal) of NaCl solution. Alternatively, a saturated-
bed feedstock can be diluted to achieve this same concentration. Both dry NaCl and

seawater are widely available. \
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Cost of Operation

The economics of operation depend upon local costs for salt and electrical power.
The support equipment requirements are modest, including tanks for brine feedstock,
assorted piping, a jet eductor to mix the oxidant solution with water to be treated, and
a time clock if the unit is to operate on less than a continuous basis. The installation is
relatively simple compared with installing a conventional chlorination system. No

hazardous materials need to be procured or stored.

Potential Applications

. This small, rugged, simple water treatment unit could be utilized in many locations
because it is independent of a developed power grid, of trained maintenance personnel,
of hazardous or imported chemical supply, and of adjacent industrial support. Some

potential applications include

. remote permanent locations,

. mobile exploration teams,

. ‘natural disaster relief operations,
. military units, and

. shipboard installations.

A major industrial application is its use in cooling water systems as a replacement

for toxie algicides such as chromates.

4. Advantages of a Liquid Mixed-Oxidant System

LATA's water treatment system differs from several other systems in that mixed
oxidants are produced and used in a dissolved form. This offers several advantages,
including the fact that liquids are more readily contained and monitored than gases. Gas
leaks constitute a real hazard in commercial installations that use gaseous chlorine or
ozone. When gas-phase oxidants are introdu\‘ced into water, the oxidants must be
transferred from gas bubbles into the liquid phase before becoming effective. The
velocity of the transfer is proportional to the surface area of the bubbles. In industry,
the transfer of materials from gas to liquid is facilitated by creating tiny bubbles and by
increasing the turbulence of the liquid phase with a stirrer or static mixer. These

methods require additional input of energy. In contrast, a solution of mixed oxidants

7
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‘mixes rapidly and completely with water to be treated. Here, additional energy is not
required for mixing. The oxidant solution is easy to contain and easy to measure. Any
liquid leaks are readily detected and, with this system, can be readily repaired as

previously proven during operational testing.

The mixed-oxidant solution is introduced into water to be treated immediately
after it is produced. This allows even the short-lived oxidants that are electrolytically
produced to contribute to the effectiveness of the method in achieving rapid kills of
microorganisms. Systems that incorporate some time lag between production and

utilization of the oxidants may lose the synergistic effect of any short-lived oxidants.

‘ Another advantage to this flow-through system is that the discard stream is not
highly caustie, the pH is around 9. The discard stream can be treated as wastewater.
Some systems that produce gas-phase oxidants generate a large amount of hydrogen gas
along with the chlorine or hypochlorite, leaving a very caustic NaOH residue that cannot

be discarded without special precautions.
S. Electrolytic Production of Mixed Oxidants

Our studies have shown that mixture of oxidants may be more effective against a
mixed population of microorganisms than a single oxidant and thus may offer significant

advantages in treating potable water.

Different types of microorganisms show the greatest sensitivity to different
disinfectants, as shown in Table 2. Although ozone is the overall most effective of the
disinfectants shown, chlorine as hypochlorous acid is more effective against viruses
(Grayson, 1981). Spores and cysts are difficult to kill by any means. As a bactericidal
agent, ozone acts rapidly by iysing the cell wall; whereas, chlorine kills more slowly by
diffusing into cells and inactivating the enzyme systems (EPA, 1979). The simultaneous
production of several oxidant species, then, could be a real advantage in a water
treatment system, \

\

The electrolytic process by which oxidants are geperated in LATA's water
treatment system depends upon Group VIIl metal electrodes (the platinum group) that act
as catalytic surfaces to produce free chlorine, hydrogen peroxide, hypochlorite, and
strong but short-lived oxidants tentatively identified as ozone and free radicals from

NaCl solutions. A typical composition of the mixed-oxidant solution is shown in Table 3.

8
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TABLE 2

COMPARISON OF OXIDANT DISINFECTION EFFICIENCY AT 5°C

Organism
Entril Amoebic
Disinfectant Bacteria Virus Spores Cysts
O3 500 0.5 2 0.5
Clg (as HOCI) 20 1.0 0.05 0.05
Cly (as OCI) | 0.2 <0.02 0.0005 0.005
Cly (as HO3Cl) : 0.1 0.005 0.002 0.02

*Source: Grayson, M. "Ozone," in Kirk-Othmer F.nc#yclopedia'of Chemical

Technology, Volume 16, 3rd ed.

, John Wiley & Sons, NY, 1981.

Under a Small Business Innovative Research (SBIR) grant frofn the U.S. Navy,

investigations were made using electrodes

made of platinum, iridium oxide, and

ruthenium oxide. Under identical conditions, the iridium oxide electrodes produced the

greatest concentrations of chlorine and short-lived oxidants.

TABLE

3

COMPONENTS OF MIXED-OXIDANT SOLUTION*

Concentration Analysis
Component (mg/0) Method
Clq 385 Phenylarsine titration
HqO9 200 UV absorbance (290 I’nm)
HOC1 . trace Phenylarsine titration
Short-Lived Oxidants 30 Indigo trisulfonate dye

(O3, Free Radicals)

decolorization (600 nm)

*Conditions: 0.75 M NaCl solution; flow rate, 30 ¢/hr; IrOg electrodes, 12 V

de, 14 A

The concentration of oxidant species produced is related to tl&current flow across

the electrolytic cell, as shown in Figure 3. The data shown were generated using the

prototype unit shown earlier, except that a variable power source was used.
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PROTOTYPE WATER TREATMENT UNIT
ELECTROLYTE: 0.75M NacCl (30 g/7) IN DISTILLED WATER

ELECTRODES: IrO, HYDROGEN
PRODUCTION RATE: 30 #/hr PEROXIDE
(rmg/f)
— 400
FREE
CHLORINE
(mgit) s
700 — e
!
1
!
i
600 !
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Figure 3. Influence of Electrical Current on Oxidant Stream Composition
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The catalytic reactions taking place on the electrode surfaces are not compietely
characterized. Possible reactions, derived from the electrochemistry literature, are

shown in Table 4.

The generation of short-lived oxidants is supported by dye decolorization studies.
Bleaching of indigo trisulfonate dye has been proposed as a test for ozone (Béder' and
Hoigne, 1981). Although this reaction is not specific for ozone, the reaction rate of the
dye with the mixed-oxidant solution suggests that strong oxidant components
are produced in addition to chlorine and shows why immediate mixing of the oxidant
solution with water to be treated is of the utmost importance (Figure 4). Very rapid dye

oxidation occurs within the initial minutes after the mixed-oxidant solution is produced.

‘ TABLE 4

POSSIBLE OVERALL ELECTROLYTIC REACTIONS

Cell Location Reactions
Feed Solution NaCl + Nat + CI”
Anode 2 Cl"+ Clg + 2e

40H™ + Og9 + 2H20 + 4e
09 +0° +» 03

Hp0 + 0" » HyO9

Cathode 2H90 + 2e + 20H™ + Hg
9 Og + 2e + 20°
Between the Electrodes Clp + 20H™ -+ H90 + OCI™ + CI™,

This oxidation is produced even faster than that seen with either chlorine or
hypochlorite alone. This empirical evidence supports the possible reactions of the
electrolytic cell shown in Table 4. Ozone is known to be very short-lived; the half-life
is less than one hour at pH 8 (Glaze, 1987) and is shorter in more alkaline cond-i\tions.
The shorter the time lag between generating the mixed-oxidant solution and contaeting
it with contaminated water, the greater the capacity to oxidize the contamini\;ts.

B \

LATA's water treatment system is designed to utilize the short-lived oxidants; whereas,

11
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systems that provide storage tanks for the oxidants, which are to be mixed with water at

some later time, probably lose these components if generated.

The mixture of cogenerated oxidants provides a powerful tool for treating potable
water. Ozone is known to be particulerly effective in killing many types of microorga-
nisms. Hydrogen peroxide has been observed to increase the effectiveness of ozone in
removing organic substances during water trcatment (Glaze, 1987). However, ozone has
a short lifetime and provides no long-term protection in treated water. Chlorine
provides long~term protection against recontamination, and the presence of chlorine
shows that the water has been treated as its concentration is readily

measured colorimetrically.
6. Effectiveness of Mixed-Oxidant Solution Against Microorganisms

The real test of a water treatment system is its effectiveness against micro-
organisms, particularly. waterborne human pathogens. The mixed-oxidant solution
produced by LATA's water treatment system has been tested against a range of
microorganisms, including cysts and spores that are difficult to kill at usual levels of
municipal chlorination. To test the effectiveness of the freshly generated oxidant
solution, known volumes were added to suspensions of known microorganisms. The
treatment ratio, or ratio of oxidant solution to contaminated water, was chosen to
initially provide a low level of free chlorine at the lower end of the recommended range,
which is 0.2- to 4-mg/e (USPHS, 1984) to test for effectiveness of the non-chlorine
species. With the prototype water treatment unit, the mixed-oxidant solution contained
sufficient chlorine; as little as one volume of oxidant solution was mixed with 1,000
volumes of contaminated water. All tests were carried out using standard methods of

analysis (Greenberg et al., 1980).

A series of six tests were performed. The first three tests were carried out using
electrolytic cells which were of different dimension and design and were equipped with
platinum electrodes. Also, the mixed oxidants were measured using nonspecific tests--
first titration with sodium thiosulfate and later by total decolorization of indigo
trisulfonate dye. The last three tests were made using the prototype unit shown in
Section 1, which was equipped with iridium oxide electrodes. Short-lived oxidants were
measured a&s the difference in the quantity of dye decolorized by a freshly generated
solution of mixed oxidants and by the same solution sged 24 hr in a filled, tightly closed

container.

13
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A comparison was made of the effectiveness of the mixed-oxidant solution and

calcium hypochlorite against Escherichia coli (Table 5). The mixed-oxidant solution

showed a more complete kill after 1 min; after 5 min, kill was complete in both

treatments.

Legionella pneumophila, the agent that causes Legionnaires' Disease, can survive

acceptable levels of chlorination for potable water systems and is quite difficult to kill
in evaporative cooling systems. The mixed-oxidant solution was more effective against

this organism than were similar concentrations of chlorine dioxide and hypochlorous acid

(Table 6).

TABLE 5

COMPARISON OF ESCHERICHIA COLI KILL BY MIXED-OXIDANT
AND HYPOCHLORITE SOLUTIONS

Initial
Oxidant* Cly E. coli CFU/ml
Solution (mg/9) (mg/9) Ty T1 min Ts min
Mixed Oxidant 0.10 1.1 106 1.5 x 104 <1
(0.75 M NaCl; 9.5 A)
Ca (OCly)q 0.03 1.2 106 1.7 x 109 <1

* Ocxidant measured by NagS9QOg titration

TABLE 6

COMPARISON OF OXIDANTS' EFFECTIVENESS AGAINST '
LEGIONELLA PNEUMOPHILA

Total Clg _
Oxidant Concentration L. pneumophila CFU/ml
Mixed Oxidant 0.75 0.49 1 x107 1.9 x106 1.5x104 3.0x102
(0.075 M NaCl,
20 V, 7 A)
ClOg 0.75 0.20 1 x107 2.0 x106 1.0x103 1.0x103
HOCI 0.67 0.23 1 x107 8.0 x106 6.0 x106 1.0 x 106

14
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Giardia, a cyst-forming trophozoite that isi parasitic in the mammalian gut, has
become & serious human health concern in the U.S. in recent years. The cysts can be
spread through fecal contamination of fresh water and enter municipal water treatment
systems where they have proved extremely resistant to conventional chlorination
treatment, especially at low temperatures. Several outbreaks of debilitating human
diarrhea in urban areas have been traced to Giardia contamination of municipal water
supplies. Newly proposed standards for U.S. drinking water specify less than one Giardia
cyst/100 ml.

To test the effectiveness of the mixed-oxidant solution against cysts, an ex-—
periment was carried out using Giardia muris, the mouse infective species. This species
is slightly more difficult to kill than the human pathogen, Giardia lamblia, ahd is easier
to maintain in culture as the mice are asymptomatic. Viability and infective potential in
Giardia is shown by the live trophozoites excysting under standard incubation conditions

that simulate passage through the mammalian gut. This test compared the number of

organisms able to excyst when contaminated water was treated with the mixed-oxidant
solution. The water conditions investigated were cold, clear water (3°C); warm, clear
water (20.5°C); and cold, turbid water (3°C). In order to assess the effects of other
oxidants, the free chlorine levels were kept very low. A minimum of 500 cysts were
inspected for each treatment. In the cases where kill was thought to be complete, all of

the approximately 4,500 cysts per treatment were scanned, for certainty.

The mixed-oxidant solution was able to kill all Giardia cysts in cold and warm clear
water, although the free chlorine concentrations were at the lower end of the municipal
treatment range (Table 7). The total kill in cold water at 0.40 mg/? chlorine content is
especially significant as it suggests the effectiveness of short-lived oxidants. The
concentration of cysts used in these tests was very high--about 4,500 cells in 50 ml of
water. Under field conditions where contamination is less severe, complete kill even in

cold, turbid water seems feasible.

The final three tests discussed were performed with the pilot water treatment unit
shown earlier. Based on the foregoing successes in killing even very resistant
microorganisms, these tests were designed to show whether a very small proportion of
the mixed-oxidant solution mixed with contaminated water could kill all microorganisms
and produce treated water that meets U.S. standards for drinking water for residual
chlorine and maximum recommended levels for sodium and chloride content. The EPA
standard for chlorine residual is 0.2- to 4-mg/f (EPA, 1986). The U.S. Public Health

15
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TABLE 7

EFFECT OF MIXED-OXIDANT SOLUTION ON GIARDIA EXCYSTATION

% Giardia Viability

Total Clg (Excysted cells x 100)
Tested Water Oxidant Concentration Total cells
Condition Temp. °C  (mg/f) (mg/?) To T10 min T30 min
Clear 3 0.40 0.44 40 24 0*
0.20 0.22 44 41 19
Clear 20.5 0.44 1.14 58 -4 0*
0.22 0.57 60 12 3
Turbid 3 0.35 0.74 ° 48 10 6
0.18 0.37 42 49 44

* All ~4500 cysts of this treatment were examined to verify 100% kill.

Service recommends a maximum for chloride of 250 mg/? (USPHS, 1984); the average
taste threshold is 400 mg/f (McKee and Wolf, 1978). The National Academy of Sciences
recommends a maximum sodium content in water of 200 mg/? for persons on sodium-

restricted diets (NAS-NRC, 1973).

E. coli were successfully killed within 10 min when one volume of mixed-oxidant
solution was added to 1,000 volumes of contaminated water (Table 8). The mixed-
oxidant solution was proded at 30 ¢/hr in 0.75 M NaCl using 13.4 A, 12 Vde. The
calculated concentrations of interest were chlorine, 0.3 mg/%; sodium, 17 mg/% and

chloride, 12 mg/4, easily meeting the drinking water parameters.

Pseudomonss seruginosa causes eye infections in humens. American Type Culture
Collection (ATCC) Gtrain #15442 was selected as a test organism because this strain has
been identified as having broad resistance to commercial germicides and is specified for

disinfectant testing by the American Organization of Agricultural Chemists (AOAC).

Cell suspensions of P. aeruginosa were successfully killed within 10 min when one
volume of mixed-oxidant solution was added to 1,000 volumes of contaminated water
(Table 9). The oxidant production and final parameters of water quality were the same

as the preceding test, indicating successful treatment.
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TABLE 9

INFLUENCE OF MIXED-OXIDANT SOLUTION ON PSEUDOMONAS AERUGINOSA

Mixed-Oxidant Initial
Solution Treatment Ratio Initial Short-Lived
Generating Oxidant | Contaminated Cl, Oxidants P. aeruginosab® CFU/100 m!
Conditions8 Solution ° Water (mg/9) {mg/?) Tg T10 min
13.5 A, 12 V 1 750 0.4 0.02 6.8 x 104 <1
1 1000 0.3 0.01 6.8 x 104 <1
Control 0 1000 0 0 6.8 x 104 6.8 x 104

a. The mixed-oxidant solution was produced from 0.75 M NaCl at 30 %/hr using IrO9 electrodes.
b. P. aeruginosa ATCC Strain #15442

"0U} 'SEIRIOOSSY |EDIUYI3] SOUR)Y St



./

4 0s Alamos Technical Associates, Inc.

Although not a human pathogen, Bacillus subtilis is a well-known spore forr'ning

organism. Spores, like cysts, are extremely difficult to kill by normal methods of
disinfection; spores can survive in boiling water and in levels of chlorine common in
municipal drinking water. B. subtilis ATCC Strain #19659 was selected as a test

organism because this strain is specified for use in the AOAC standard sporicide test.

" The cells were grown on standard nutrient agar slants for 96 hr at 30°C. Permanent

slide mounts were prepared, stained, and examined to verify the extent of sporulation,

which was estimated at 90% to 95% at 96 hr.

Because of the known resistance of the spores, suspensions of B. subtilis spores
were mixed with oxidant solutions over a wide treatment range. After 20 min, spore
populations were significantly reduced, but kill was not complete (Table 10). However,
one volume of mixed-oxidant solution in 500 volumes of contaminated water was
sufficient to kill all spores after 20 hr. As in the two tests above, the treated water met
drinking water parameters. This test will be repeated to determine the minimum,
required contact time, especially by the mixture of one volume of oxidant to
1,000 volumes of contaminated water. This interval must be taken into consideration
when designing a municipal water treatment system. Sufficient residence time must be

allowed for total disinfection before the water is used.

To summarize the effectiveness of LATA's unique water treatment system, the
mixed-oxidant solution is very effective against a spectrum of microorganisms, including
cysts and spores. Test organisms were selected to provide worst-case challenges. Virus
tests have yet to be conducted because of the need for special facilities. Although all
major human pathogens have not been tested, the results thus far indicate that potable
water can be produced using a mixed-oxidant solution and that the water will meet U.S.
drinking water standards and recommendations and aesthetic guidelines for residual

chlorine, coliform bacteria, chloride, and sodium content.
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The Chemistry of Water Treatment Processes Involving
Ozone, Hydrogen Peroxide and Ultraviolet Radiation

William H. Glaze, Joon-Wun Kang and Douglas H. Chapin

Environmental Science and Engineering Program
School of Public Health, University of California
Los Angeles, CA 90024

Abstract

Advanced oxidation processes are defined as those which
involve the generation of hydroxyl radicals in sufficient
quantity to affect water purification. The theoretical and
practical yield of OH from O3 at high pH, 03/H;0,, 03/UV and
H,0,/UV systems is reviewed. New data is presented which
illustrates the importance of direct photolysis in the 05/UV
process, the effect of the H;0,:03 ratio in the 03/H;0;
process, and the impact of the low extinction coefficient of
H,0, in the H0,/UV process.

Introduction

This paper will summarize the chemistry of several water
treatment processes involving combinations of ozone, hydrogen
peroxide and ultraviolet radiation. The purpose is to show
that these processes have much in common mechanistically, but
there are significant enough differences to make one or the
other more practical depending on water gquality and water
treatment goals.

Advanced Oxidation Processes

Ozone has been used as a chemical reagent, an industrial
chemical, and an oxidant for water treatment for over eight
decades (1). Ozone is known to be a powerful oxidant and
disinfectant, with a thermodynamic oxidation potential that
is the highest of the common oxidants. In principle, ozone
should be able to oxidize most inorganic substances to their
highest stable oxidation states and organic compounds to
carbon dioxide and water. In actual practice, however, ozone
is quite selective in its oxidation reactions. In organic
chemistry it is most useful for cleavage of multiple bonds
and aromatic systems, but even in these cases the rates of
oxidation may be quite slow for water treatment applications.
For example, ozone reacts slowly with many types of water
contaminants such as alicylic taste and odor compounds as
geosmin and MIB (2), aliphatic halides such as the THMs
(3,4), and unactivated aromatics such as chlorinated benzenes
(4). In water treatment, ozone has been most successful for
enhancing the pleasant taste of water, for aiding coagulation
and filtration processes, and as a first barrier to microor-

1
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ganisms.

There is, however, a new dimension emerging in the use of
ozone in water treatment. In several laboratory and pilot
scale studies ozone is now being combined with hydrogen
peroxide and ultraviolet radiation to produce results which
have not been possible with ozone alone. The literature is
replete with examples of 03/UV and 03/H;0, studies in which
inorganic and organic substances have been oxidized much more
effectively than one can accomplish with ozone or any other
common oxidant. We now understand, based on the accumulation
of new information on the basic chemistry of ozone, that the
success of these new processes is due to the intermediacy of
the hydroxyl radical which is common to each system. We
shall refer to systems such as 03/UV and 03/H,0, as "Advanced
Oxidation Processes" and include in this category other
processes which generate the hydroxyl radical, namely ozone
at high pH values, hydrogen peroxide with UV radiation, and
ozone or hydrogen peroxide with other hydroxyl radical
initiators such as metals and metal oxides.

Historical Background

Prengle and coworkers at Houston Research Inc. (HRI) were the
first to see the commercial potential of the 03/UV system.
HRI showed that 03/UV enhances the oxidation of complexed
cyanides, chlorinated solvents, pesticides, and miscellaneous
group parameters such COD and BOD (5-8). Subsequently, the
process was also commercialized by Westgate Research of Los
Angeles (now ULTROX) where Zeff and coworkers further
extended the applications of the process (9,10). Glaze and
coworkers, especially Peyton, have examined the 03/UV process
for oxidation of a number of halogenated micropollutants
(3,11) and THM precursors (12) and have carried out basic
studies to elucidate the mechanisms of the process (13).
Several other groups have used the 03/UV process for oxida-
tion of a variety of organic pollutants (14-17) and the
process has been taken to pilot scale for a number of
applications (5,18, 19). }

The 03/H,0, system was investigated early by Nakayama et al.
(20) and Hango et al. (21) for wastewater treatment, and more
recently by Bollyky (22), Brunet et al.(23) and Duguet et al.
(24) for drinking water treatment. Duguet et al. showed that
addition of peroxide enhanced the efficiency of oxidation of
several organic substances, THM precursors, and also in-
creased the rate of ozone transfer. Studies are proceeding
currently in several laboratories including our own (25), and
the process is being taken to pilot scale by the city of Los
Angeles for removal of tri- and tetrachloroethylene in
groundwater.
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Hydrogen peroxide with ultraviolet radiation was studied by
Berglind et al.(26) for the oxidation of humic substances,
methylisoborneol, 3,4-benzopyrene (sic), chloroform and
bromodichloromethane. The process is the subject of a U.S.
patent (27) but little further work has been reported.

Mechanisms of Advanced Oxidation Processes

Not all of the advanced oxidation systems have been well

studied and their mechanisms are not fully elucidated. It
appears, however, that all involve the generation of the
hydroxyl radical. The present view is that the oxidizing

capability of these systems is differentiated from other
common oxidants such as chlorine, chlorine dioxide, etc.
because of the very high reactivity of this radical.

OZONATION AT HIGH pH VALUES

Hydroxyl radicals were postulated by Weiss (28) as inter-
mediates in the base catalyzed decomposition of ozone.
Indirect evidence for OH radicals was presented by Hoigné and
Bader (29) who showed that the mechanism of ozonation seemed
to change at high pH values. The relative rate constants for
high pH ozonation of pairs of organic compounds were found to
be the same as those for reaction of the same compounds with
hydroxyl radicals generated from radiolysis of water.
Hoigné’s group (30-32) and independently, Hart et al. (33-34)
used advanced spectro-kinetic methods to elucidate the
mechanism by which ozone decomposes in water. A complex
chain mechanism was revealed that involves a series of
single-electron and atom transfer processes (Figure 1) and
the intermediacy of OH radicals. Staehelin and Hoigné showed
that a variety of substances can initiate the chain including
hydroxide, hydroperoxide, formate and ferrous ions,, and even
humic substances (35). Although direct spectroscopic
evidence for the OH radical in aqueous ozone systems has not
been found, the indirect evidence is overwhelming that OH is
the key reactive intermediate when ozone decomposes in water.

In very pure water OH reacts with ozone so that the chain
propagating steps shown in the circle in Figure 1 can repeat
again and again. Hundreds of ozone molecules may be decom-
posed by a single initiation step. The result is that ozone
can have a very short half-life in distilled water at pH 7
(36) . In the presence of common water contaminants, for
example bicarbonate, carbonate and the organic constituents
of humic substances, the cycle can be broken by trapping of
the hydroxyl radical, and of course, the chain nay also be
broken by radical-radical coupling processes.
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Rate constants for reaction of OH with most substances are
extremely large indicating that the reactions are very fast;
some occur almost every time an OH radical collides with a
molecule of the substance. One of the major water con-
taminants, bicarbonate will trap hydroxyl radicals with such
efficiency that the half-life of ozone in distilled water at
pH -7 increases from about 103 seconds in distilled water to
104 seconds in 2 mM HCO3~ (36).

If organic micropollutants are present when ozone decomposes
they too will react with hydroxyl radicals, but they must
compete with all of the other OH traps present. If the
concentration of the micropollutant organics is in the
micromolar range or below, they may be at a distinct disad-
vantage compared to matrix contaminants such as bicarbonate
or humic materials, which may be present at concentrations
several orders of magnitude higher (35).

As Hoigné and coworkers have observed, the mechanism of the
reaction of ozone with another substance M may involve both
direct reactions of M with ozone and reaction of M with OH
radicals, even if the pH of the system is near neutral (35).
This is because OH-promoters such as hydrogen peroxide and
superoxide ion 0,7 are formed in the course of direct
ozonation processes. Also, there may be contaminants in the
water which act as promoters. Thus, when ozone reacts with
substances in natural waters it is almost surely reacting by
a combination of direct 03 and OH pathways, the relative
proportions of which will depend on the various contaminants
present or added. The mechanism may even become more radical
in character as the reaction proceeds.

At higher pH values there is an important factor that works
against the effectiveness of ozonation processes. Hoigné has
pointed out that increasing the pH will not necessarily
increase the rate of OH radical destruction of a substrate
because of enhanced trapping effects (29). At pH values

1 In the 03/H,0, oxidation of TCE in the presence of 300
mg/L (as CaCO3) of bicarbonate, we calculate that only about 4%
of the transferred ozone is utilized for the destruction of 90%
of 600 ug/L of TCE (25).

2 This may explain apparent discrepancies in the literature
on such questions as the destruction of THM formation potential
\py ozonation, where some workers see an enhancement of THMFP by

ozone and others do not (37). Under some conditions OH radicals
“apparently are produced by initiators present in the water and
these radicals may hydroxylate benzenoid species to form THN

- precursors. Under other conditions the radicals are ejither not

formed in such abundance or are quenched by other species (38).
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greater than 10.3 carbonate is a more prevalent species than
bicarbonate and the rate constant of OH with carbonate is
over twenty times greater than with bicarbonate. Oon the
other hand, ozonation is not commonly carried out at pH
values above 10.3, so the role of carbonate may not be very
severe as these considerations indicate.

Further studies are needed to carefully document the ad-
vantages and disadvantages of using high pH conditions to
enhance ozonations in waters with different alkalinity
values. Figure 2 shows data from a study being carried out
in our laboratory where the rate constant for ozonation of
trichloroethylene is measured in a CSTR treating a high
alkalinity ground water from a well in North Hollywood
(alkalinity 200 mg/L as CaCO3, pH 7.3; DOC 1.1 mg/L; Fe, Mn
less than 0.1 ppm). As figure 2 shows, adjusting the pH from
4 to 10 has 1little effect on the destruction of TCE. We
suspect that this behavior may be due to a cancellation of
the promoting effect of hydoxide ion and the scavenging
effect of carbonate vs. bicarbonate, and therefore may not be
typical behavior for a water of lower alkalinity. However,
the results illustrate that rate enhancements from pH changes
below 10 or 11 may be minimal.

OZONE WITH HYDROGEN PEROXIDE

Hart and coworkers (33) and Staehelin and Hoigné (30) showed
that the conjugate base of Hy05 can initiate the ozone
decomposition cycle by a single electron transfer _process
involving the conjugate base of hydrogen peroxide HO,™:

ky

HOz- + O3 -—==--- > HO, + 03_ (1)
This initiates the decomposition of ozone resulting, in the
formation of hydroxyl radical. Exploiting this effect,
Duguet et al. (24) showed that the efficiency of color
removal by ozone is accelerated by hydrogen peroxide. The
dependence on the concentration of peroxide suggests that
H;0, is acting as a scavenger at high concentrations. In

recent studies in our laboratory we are exploring the 03/H,0,
system with several substrates including chloroethenes and
several taste and odor compounds. Figure 3 shows rate data
for the destruction of tetrachlorocethylene in a ground water
from the same area in Los Angeles from which the sample was
taken referred to earlier. The alkalinity of this water is
somewhag\hlgher than the other (300 mg/L at CaCOj3) but other
water quality parameters are similar. In these experiments,
to be reported in more detail later, the peroxide and ozone
were simultaneously fed into the reactor, ozone and peroxide
residuals were generally below 0.1 ppm, and ozone utilization

5
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greater than 90%). The pseudo first-order rate constants
show a hyperbolic dependence on peroxide with a maximum at a
ratio of about one mole of peroxide per mole of ozone. This
is the function expected if peroxide acts as a promoter as
well as an OH scavenger. JIndeed, it is know that peroxide
will act as an OH radical trap as well as an inltiator. The
rate constant for reactions 2 and 3 are 2.7 x 107 M~1 571 and
7.5 x 109 M~1 s~1 respectively (39):

Hy0 + OH —-—-=—-- > 0" + Hy,0 + H*Y (2)

+ HY (3)

It should be noted, however, that superoxide ion 05~ is also
formed 1in equations 2 and 3, and since superoxide also
promotes the decomposition of ozone it 1is not clear why
peroxide inhibits the decompositon of TCE at high H30;
levels. If one assumes that superoxide reacts primarily by
some other pathway than with ozone, then one may derive
equation 4:

-d(1n[M}/[Mp]1)/dt = kg (4)

where

kK, = kmk1Kper[(H2021[031/ (H')
k(M) + (kp + K3Kper/[H'1) [Hp03] +  kj[Sj]

K ey is the dissociation constant of hydrogen peroxide (1.6 x

8' ), XM 1is the rate constant for reaction of OH with
substrate, in this case TCE or PCE, and Sj symbolizes other
matrix components that trap OH w1th rate constants kj, the
most important of which are dissolved organic carbon (humic
substances) ,bicarbonate or carbonate ion (36).

Alternatively, the shape of Figure 3 may be related to the
fact that the reaction is being carried out in a CSTR. That
is, at high peroxide doses the rate constant is mass transfer
limited.

In any cas;>\the results of the laboratory scale tests on the
oxidation of \TCE and PCE are so encouraging that the city of
Los Angeles \is currently sponsoring pilot scale tests to
evaluate the IQrge scale potential of the 03/H;0, system for
remediation of ‘contaminated ground water in the San Fernando
Valley (40).

OZONE WITH ULTRAVIOLET RADIATION
6
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The photolysis of ozone in wet air produces hydroxyl radicals
by a two step process (41):

03 + h# (A< 310 nm) —----> 0, + O (1D) (5)
0 (Ip) + Hy0 =~—-—-—- > OH + OH (6)

Some workers assumed (8) that photolysis of ozone in water
would proceed by a similar pathway; however Taube (42)
showed, and more recently Peyton and Glaze (13,18) confirmed
that this is not the case. Rather, hydrogen peroxide is
formed in a process where OH radicals, if formed at all, do
not escape from the solvent cage. The overall reaction is

03 + hv + H20 ——————— > H202 - (7)

Equation (7) would appear to say that the 03/UV and 03/H;0;
processes are one and the same: in the former one is merely
forming hydrogen peroxide in situ, rather than adding it from
an external source. Indeed, for some substrates that is the
case as will be discussed below. For other substrates which
absorb ultraviolet radiation the 03/UV process can be much
more. This is illustrated by the 03/UV oxidation of tetra-
chloroethylene, first reported by Peyton et al. (3) and more
recently explored in a ground water matrix by our group in
Los Angeles,

Tetrachloroethylene (PCE) absorbs ultraviolet radiation at
254 nm only weakly, but sufficiently so that direct photo-
lysis is a significant contributor to the overall decay of
PCE when the compound is exposed to ozone and 254 nm radia-
tion in a CSTR reactor. Figure 4 is a plot of pseudo first-
order rate constants for a series of runs where the ozone
dose was varied while keeping the UV dose constant. For a
given UV dose the data approximately fit a simple relation-
ship .

ko = kp + koyD" = kp + k' (8)

where k, is the direct photolysis constant, kgoyx is related to
the constant for OH radical reaction with PCE, D is the ozone
dose rate, and n is a coefficient with a value near unity
(3). The value of k, obtained from an experiment in which D
was zero (only oxygen was used) is in good agreement with the
extrapolated value from Figure 4.

Similar experiments were carried out with trichloroethylene
(TCE) with markedly\different and revealing results. Figure
5 shows that the O03/UV oxidation of TCE is only weakly
dependent on the UV flux. The extrapolated value at zero
ozone dose 1is 1in good agreement with the rate constant

7



obtained in the "“UV only" experiments.

The TCE and PCE data from these experiments demonstrate what
Prengle and coworkers claimed years ago(8). that the 03/UV
process is, at the same time, an oxidation process and a
photolysis process. Figure 6 illustrates the various
elements of the process including direct ozonation, decom-
position of ozone (OH radical chemistry) and photolysis of M
and hydrogen peroxide. The relative importance of these
processes will depend on an extraordinary number of factors
including: the intensity and wavelength of the UV radiation,
the ratio of 03:UV doses, the concentration of M, promoters
and radial traps, and others.

When a substance absorbs strongly in the UV region large
fluxes of UV radiation will accelerate the destruction of the
substance. This is the case for PCE and presumably for other
UV absorbing substances such as aromatic halides. For some
photolytically labile substances such as some pesticides, kp
is so large that little is to be gained from using ozone.

On the other hand, when the substance of concern is not
photolyzed directly with much efficiency, the use of UV
radiation to generate hydrogen peroxide makes little sense.3
In such cases it is preferable to add hydrogen peroxide from
an external source. Metering of peroxide into a water stream
is a trivial task compared to the use of UV lamps with their
attendant problems of clouding and flux decay especially for
large water treatment plants. Our view is that both proces-
ses should be considered in a feasibility study, but except
when direct photolysis is a major factor, the 03/H;0, process
is heavily favored.

HYDROGEN PEROXIDE WITH ULTRAVIOLET RADIATION

In principle, the most direct method for the generation of
hydroxyl radicals is through cleavage of hydrogen peroxide, a
relatively inexpensive and recadily available chemical
intermediate. Photolysis of hydrogen peroxide is known to
yield hydroxyl radicals by a direct process, i.e. with a
quantum yield of two OH formed per gquantum of radiation

absorbed (43):
\

3 Many applications of the ozone/UV process, including some
current commercial reactors, use UV intensities which are
extremely high and costl There is an optimum ratio of UV flux
(in Einsteins/min) :ozone dose (in moles/min) for each system, but
in the absence of much direct photolysis the ratio is probably
less than 0.S5. In a. study of <{he 03/UV oxidation of THM
precursors the optimum ratio was 0.3 (18).

8
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Hy05 + h¥ ~——m-e- > OH + OH (9)

Unfortunately, the molar extinction coefficient of hydrogen
peroxide at 254 nm is only 19.6 M~1 s™1 (43), which is excep-
tionally 1low for a primary absorber in a photochemical
process. By comparison, the value for ozone is 3300 M~

cn~ 1, This means that in order to generate a sufficient
level of OH radicals one must have a rather high concentrtion

of hydrogen peroxide in the medium.

Figure 7 shows data from a kinetic study where hydrogen
peroxide is being metered into a CSTR at a rate of 10 mg/min
while photolyzing the solution with three 13 watt low
pressure mercury arc lamps (greater than 90% UV energy at 254
nm) . Trichloroethylene, which was spiked into the original
solution at approximately 500 ppb, and residual hydrogen
peroxide were monitored as the reaction proceeded. Figure 7
shows that TCE is decomposed at a reasonable rate compared to
the 03/H,0, data in Figure 3, but hydrogen peroxide accumu-
lates to unacceptable levels. We conclude that the H;0,/UV
is unlikely to be a practical process for drinking water
treatment until this problem is solved; however, for was-
tewater treatment or other purposes it might be useful.

SUMMARY OF HYDROXYﬁ RADICAL GENERATING PROCESSES

Table 1 is a summary of the chemistry involved in the
generation of hydroxyl radicals from the four processes
considered in this review. As noted above, the stoichio-
metric yield of hydroxyl radicals is greatest from the
photolysis of hydrogen peroxide. As Table 2 shows, however,
ozone photolysis yields more radicals in practice because of
the higher molar extinction coefficient of ozone compared to
hydrogen peroxide.

O0f the four processes, the 03/H;0, process should have a high
yield of OH radicals, is most amenable to adaptation in
existing water treatment plant designs, and should be
relatively cost effective. The use of ozone at high pH
values may be comparable in cost/effectiveness but there is
little field data on this process. The 03/UV process will be
difficult to adopt on a large scale but may be useful for
small water and waste water treatment plants, particularly
wvhen the substrates of concern are strong UV absorbers.
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LEGEND OF FIGURES

FIGURE 1. Scheme showing the principal species in the decom-
position of ozone in pure water initiated by hydroxide ions
(after Staehelin et al., reference 32).

FIGURE 2. Effect of pH on the ozonation of trichloroethylene
(TCE) in North Hollywood Well No. 26 water. Bicarbonate alkalin-
ity: 200 wmg/L; TOC 1.1 mng/L; pH adjusted upwards with sodium
hydroxide, downward with hydrochloric acid; 70 liter CSTR with
ozone from pure oxygen.

FIGURE 3. Effect of hydrogen peroxide on the pseudo first-order
rate constants of oxidation of TCE in North Hollywood Well No. 14
water. Alkalinity: 300 mg/L; 70 liter CSTR with ozone from pure
oxygen, 03 scale is dose rate, utilization > 90%.

FIGURE 4. Effect of ozone and UV dose rates on the photolytic
ozonation of perchloroethylene (PCE) in North Hollywood Well No.
14 water. Rate constants (s™1) multiplied by 10%; UV dose in
watts/L at 254 nm calibrated by chemical actinometry.

FIGURE 5. Effect of ozone and UV dose rates on the photolytic
ozonation of trichloroethylene (TCE) in North Hollywood Well No.
14 water. Rate constants (s~1) nmultiplied by 10%; UV dose in
watts/L calibrated by chemical actinometry.

FIGURE 6. Schematic diagram of the elements of mass and photon
transfer, and chemical processes involved in the 05/U0V process.

FIGURE 7. Pseudo first-order plot for destruction of TCE by
H,0,/UV process in North Hollywood Well No. 14 water. Reaction
carried out in 70 liter CSTR with feed rate of 10 mg H0, per
minute. Residual peroxide by horseradish peroxidase fluorimetry
(44).
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TABLE 1

THEORETICAL AMOUNTS OF OXIDANTS AND UV
REQUIRED FOR FORMATION OF HYDROXYL
RADICAL IN OZONE-PEROXIDE-~-UV SYSTEMS

Moles of Oxidant Consumed
per Mole of OH Formed

SYSTEM 03 uvl H,0,
OZONE~HYDROXIDE ION3 1.5 -- -
0ZONE-UV 1.5 0.5 (0.5)2
OZONE-HYDROGEN PEROXIDE3 1.0 - 0.5

lMoles of photons (Einsteins) required for each mole of OH
formed; 2Hydrogen peroxide formed in situ (13,42); 3 Assumes that
superoxide formed in primary step yields one OH radical per 05"
which may not be the case in certain waters.

16



TABLE 2

THEORETICAL FORMATION OF HYDROXYL RADICALS FROM
PHOTOLYSIS OF OZONE AND HYDROGEN PEROXIDE

MOLAR ABSORBTIVITY STOICHIOMETRY OH RADICALS FORMED!
254 (M~1 cm™1) PER INCIDENT PHOTON
H,0, 20 Hy0p —----> 20H 0.09
05 3300 303 ——=——- > 20H 2.00

1 Assumes 10 cm .pathlength; quantum yield as predicted from

stoichionmetry; [03] and [H,0,] at 1 x 1074 M.
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ELEMENTS OF THE OZONE/ULTRAVIOLET RADIATION PROCESS

MASS TRANSFER AND PHOTON YRANSFER

OZONE

¥

UY SOURCE

MASS TRANSFER

!

N

PHOTON TRANSFER

A

SOLUTION

CHEMICAL PROCESSES
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S (RADICAL TRAP)
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PHOTOLYSIS DECOMP. DIRECT DIRECT RADICAL
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ADVANCED OXIDATION PROCESSES FOR TREATMENRT OF GROUNDWATER
CONTAMINATED WITH TRICHLOROETHYLENE AND TETRACHILOROETHYLENE:
LABORATORY STUDIES
William H. Glaze and Joon-Wun Kang, Environmental Science &
Engineering Program, School of Public Health, UCLA, Los

Angeles, California 90024

ABSTRACT
The oxidation of trichloroethylene (TCE) and tetrachloro-
ethylene (or perchloroethylene -~ PCE) was studied in a
stirred sparged reactor with various dose rates of ozone and
hydrogen peroxide. The results‘show that hydrogen peroxide
accelerates the oxidation of TCE and PCE spiked into a ground
water taken near Los Angeles, California. At peroxide:ozone
dose rates above 0.7 (w/w) the process appears to be mass
transfer limited. The presence of high levels of bicarbonate
ion in the groundwater is shown to significantly lower the
efficiency of TCE and PCE removal by the 03/H,0, process
suggesting that softening prior to oxidation may improve the
process even further.
INTRODUCTION

Groundwater contamination by trichloroethylene '(TCE),
tetrachloroethylene (PCE), and other industrial and agricul-
tural chemicals is now a matter of international concern. The
U.S.E.P.A. recently p$oposed Maximum Contaminant levels for
TCE and seven other %ontaminants in drinking water and a
standard for PCE may be \forthcoming (1). In accordance with

the Safe Drinking Water' mandate, EPA also specified two

technologies as Best Available Technology (BAT) for treatment



of water containing these substances: air stripping and
granular activated carbon filtration. Some have objected to
these technologies on the basis that they merely transfer the

problem from one medium (water) to another (air or GAC).

Oxidation processes offer the option, at least in principle,
of completely destroying organic contaminants. Of the
oxidants currently available, ééone is attracting the most
attention. This is due to its high thermodynamic oxidation
potential (2.07 volts) and the apparent lack of hazardous by-
products (2). However, neither ozone nor any other oxidant
has proven itself as a BAT process for removing synthetic
organic compounds from ground water. To overcome this defic-
iency and to enhance its effectiveness for oxidation of
organics, modifications of traditional ozonation have been

investigated in our bench-scale laboratory tests.

Each of the processes studied, which we refer to as advanced
oxidation processes (3,4), involve the generation’ of the
hydroxyl radical (OH), a very active intermediate which
generally has far greater oxidizing power than ozone. Rate
constants for reaction Qf OH with organic species are
commonly in the range of 18%—1010 M~ 1s~1 (5).

Four types of advanced oxida:>Bn processes are being studied.

These include: ozone at various pH values (03/pH), ozone with



hydrogen peroxide (03/H50,), ozone'with ultraviolet radia-
tion (03/UV), and hydrogen peroxide with ultraviolet radia-
tion (Hx0,/UVy. This paper describes an evaluation of the
first two processes (03/pH and 03/H;05) for the oxidation of
TCE and PCE in a contaminated groundwater obtained from two
City of Los Angeles Department of Water and Power (LADWP)
North Hollywood wells. The results, combined with pilot-
scale studies described in the fbllowing paper (6), show that
the ozone:hydrogen peroxide processs should be considered as
a candidate for Best Available Technology for TCE/PCE treat-
ment.
EXPERIMENTAL

Reaction_apparatus. Figure 1 shows the schematic diagram of

the 03/H;0,/UV experimental system. Ozone was generated from
oxygen with a single tube OREC generator (corona discharge
type), typically at a flow rate of 1.0 L/min and at a tube
current setting so as to give a desired dose rate. Control
panel valves (needle, 3-way, &and 5-way valve) allowed one to
divert the ozone stream through two tandem bubblers ‘for ozone
analysis or alternately divert the ozone off-gas from the
reactor through the same bubblers. When the analysis system
is not in use, ozone off-gas if thermally decomposed before
exit into a vented hood. All f@ttings, valves, and tubing
were limited to stainless steel?\\jlass, and teflon. The
reactor used in these studies is ‘\a cylindrical 70 1liter

(liquid volume) CSTR designed according to the principles



described by Yocum (7). The reactor is a 36 inch high by 13
inch 0.D. stainless steel vessel with a built-in sparger for
ozone introduction, a variable speed stirrer (usually
operated at 500 rpm), internal baffles at the quadrants to
facilitate mixing, and four 2-inch diameter symmetrically
located circular ports into each of which can be fitted a
quartz tube for a UV lamp. The UV ports were sealed off with

stainless steel plates in this séudy. .

Test Samples. Groundwater used for all of the 03/H;0, runs,

except to study the effect of bicarbonate alkalinity, was
collected from the City of Los 2Angeles Department of Water
and Power North Hollywood Well No. 14 or Well No. 26. The
water was transported to UCLA in a 55-gallon polyethylene
drum. Typical analysis of the groundwater, for Well No. 14
or 26 respectively, was: alkalinity, 300 mg/L and 200 mg/L
(as CaCO3), respectively; pH 7.2-7.4; TCE and PCE, 50 and 5

ug/L, respectively; and TOC 1.1 mg/L.

Analytical methods. Ozone is analyzed in the gas phase by

trapping in an borate-buffered potassium iodide solution (8).
The concentration of resulting %odine is determined
colorimetrically at 352 nm on a Spectrgnic 710 spectrophbto~
meter (Bausch & Lomb, Rochester, N.Y),\%§ich is previously

- Ozone in the liquid

calibrated by standard iodine solution.

phase is determined by the indigo method (9). Each ozone


file:///which

sample was &added to a 40 ml vial khich. contained an ap-
propriate concentration of potassium indigo trisulfonate
stock reagent depending on the concentration of ozone
expected. The absorbance difference between sample and blank
was measured at 600 nm. An extinction coefficient of 20,000
L Mol™l cm™1 (9) was used for calculation of the concentra-
tion of residual ozone. Concentration of residual hydrogen
peroxide was determined eithe; by the cobalt method of
Masschelein (10) or the horseradish peroxidase-catalyzed
fluorescence method described by Lazrus, et al. (11).
Hydrogen peroxide feeding solution (usually 0.12 N) was
prepared from a reagent grade 30% stock solution (Fisher
Scientific) and was analyzed by the AOAC Method (12). A
method for analysis of TCE and PCE modified from EPA Method
501.2 consisted of microscale liquid-liquid extraction using
pentane or hexane (American Burdic & Jackson brand for THM
analysis) with a water to extractant volume ratio of 2:1.
Two different gas chromatograph (GC) models were used for
TCE/PCE analysis. Most of the analytical work was perférmed
on a Varian 3700 GC with Ni®3 electron capture detector
(ECD), a glass column (12’ x 1/4" O0.D., 10% squalane), and a
5% methane and 90% argon gas mixture as carrier gas. A
Schimadzu Chromatopac C-R3A electronic/printer integrator was
connected to the Varian GC to collect data and compute sample
concentrations. Later sample analyses were carried out on a

Perkin-Elmer Model 8500 GC using splitless injection and a
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Ni63 EcD. A fused silica wall coated open tubular column
(DB-5, 30 m x 0.32 mm I.D.) supplied by J&W Scientific was
used. Oven temperature was programmed from 40°C to 220°C at
10°C/min. Helium gas (99.995%) and 5% methane/95% argon gas
mixture were used for carrier and make-up gas, respectively.
Hexane was used as extractant for this splitless injection
mode to optimize the solvent effect. The internal standard
used for all GC analyses was 1,2-dibronopropane (DBP).
Quality control features of EPA Method 501.2 were used for
preparation of calibration standards for the extraction

method.

Procedures. For each run, groundwater was pumped into the

CSTR and filled up to a guide 1level of 70 L. Saturated
solutions of TCE and PCE were prepared separately by stirring
pure compounds 1in contact with distilled water. After
analysis, these stock solutions were used to prepare aqueous
solutions of known concentrations of TCE and PCE that were
spiked into the reactor so as to give target initiél TCE and
PCE concentrations of approximately 500 and 50 ug/L, respec-
tively. After a few minutes of mixing, oxygen gas was
introduced into the CSTR at a desired flow rate., To detect
any system leaks, another rotameter was installed\at the gas
stream exit. Flow rate of the exit stream was then\ compared
to the inlet flow rate. At time zero, ozone generation was

started using pre-set conditions for the ozone generator. If



hydrogen peroxide was included 1in the run, it was added
simultaneously with the ozone using a calibrated feed pump
supplied by Mec-0O-Matic Company. For some runs, the pH of
the groundwater sample was adjusted prior to oxidation using
either a NaOH solution or H3S804 solution.

»

Duplicate samples of the CSTR contents were taken for TCE and
PCE analysis at five-minute intervals, beginning at time zero
and ending 25 minutes later. Two drops of 1% sodium thiosul-
fate were present in each 40 ml vial before the groundwater
samples were added. The vials were filled head-space free
and sealed with screw caps with PTFE~coated liners. Samples
were stored in a refrigerator (organic free) at 4°C prior to
extraction. Samples were taken at the same time intervals to
measure concentrations of residual ozone and hydrogen
peroxide as described above. ‘Ozone off-gas was trapped in
the BKI-contained bubbler and the amount of ozone consumed in
the reactor was calculated from the concentration of ozone in

the feed gas and the concentration of ozone in off-g%s.

Heasurenent of Ozone Fass Transfer for CSTR. The reactor was

filled with water taken from North Hollywood well No. 1? and
ozone flow started at the same flow rate as before (1.0

L-min~1). Samples were withdrawn sequentially from \sj
reactor and quenched with a solution of indigo trisulfonate;

then the absorbance of the solution was measured as usual.-



RESULTS & DISCUSSION

Ozone systemn.

Hoigné and Bader have reported that the rate constants for
direct reaction of ozone with TCE and PCE are 17 *+ 4 M1 s-1
®.na <0.1 M1 571 respectively (13). This means that a steady
state concentration of 5 mg/L (1 x 10~4 M) of ozone would be
required for 95% oxidation of TCE within a thirty minute
contact time, assuming pseudo first order kinetics. For PCE
the rate is expected to be at least an order of magnitude
slower. It mnight be concluded, therefore, that direct
recaction of ozone will not be sufficiently rapid to be a

practical decontamination method for PCE but for TCE it may

be worth exploring.

It is now recognized, however, that calculations based on
such basic rate data are of 1little value in determining the
prospects of using ozone for water treatment objectives (14).
Few ozonation processes occurring in a natural water occur
only by direct reaction of ozone with the substrate of
interest. In natural waters ozone reacts by two mechanisms:
direct reaction of the 03 molecule, for example, by addition
of 03 to the carbon-carbon double bond of TCE or PCE, and
reaction with the hydroxyl radical, formed by the decomposi-
tion of ozone (14). Both types of reactions are expected to

occur in natural waters where there are naturally occurring

\

\

\
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electron transfer agents present (or formed during ozona-
tions) that initiate ozone decomposition, such as OH™,
transition metal ions, hydrogen peroxide, superoxide, etc.
(Figure 2). Also, most comnmon water impurities such as
bicarbonate, carbonate, and organic material react with OH
radicals and act as scavengers, and some react with molecular
ozone. Thus, the relative importance of direct vs. radical
reactions must be determined experimentally for each source

water.

Table 1 is a summary of pseudo first order rate constants for
the ozone runs performed on groundwater samples from the
North Hollywood Well No. 26 spiked with 500 and 50 ug L1 of
TCE and PCE respectively. The initial alkalinity of the
source vater is 200 ng/L (as CaCO3) and the TOC value is 1.1
mng/L. Figure 3 is a plot of typical runs for TCE, showing

the pseudo first order nature of the process.

It is interesting to note that increasing pH from 4 to 10 has
little effect on the destruction of TCE as shown by the data
in Table 1. This may be due to the important role played by
the bicarbonate ion in the water, which can have both
positive and negative effects on the rate of substrate
oxidation. Bicarbonate and carbonate ions react with OH by

electron transfer reactions (10) and (11) shown in Table 2.



Since the rate constant of OH radicals reacting with car-
bonate ions is far greater than that with bicarbonate ions,
increasing the pH of the medium will be expected to decrease
the efficiency of OH trapping by TCE or PCE. On the other
hand; increasing pH values will accelerate the decomposition
process which produces more hydroxyl radicals (Figure 2 and

equation 6).

Apparently,.- the competing effects noted above essentially
cancel each other and theif is no practical advantage to
increasing the pH when TCE destruction is the desired result.
It should be noted, however, that this conclusion may not
apply to all substrates and test waters, especially those
which are low in alkalinity and higher in natural promoting

agents.

Ozone/H,0,_ Sysiem.

According to the works of Hoigné et al (15-17) and’ Hart et
al (18-19), hydrogen peroxide can initiate the decomposition
of ozone by a single electron transfer proéess wherein the
initiating species is the hydroperoxide ion HO,~ (reaction 1,
Table 2). The products of this reaction are the ozonide ion
03~ and the hydroperoxide radical HO,, each of which can form

OH radicals by the pathways shown in Table 2. From the rate

constants for equations (1) and (6) it can be shown that

10



initiation by peroxide is much faster than by hydroxide ion

when the former is present in the millimolar range (15).V

Using a steady state approximation for the various inter-
mediates shown in Table 2 the following equation for the
steady state concentration of OH may be derived:

(o] = _2¥1XpEr [H20z][03]{[H+] | (13)
ku(M] + X7 ki[Sil
o)

where the constants are defined in Table 2, M is the sub-
strate (TCE or PCE), and S; refers to the various substances
in the water which act as scavengers of OH radicals. The "2"
in equation (13) symbolizes the fact that two OH radicals are
formed from each initiation step (equation 1), one from the

03"~ ion and one from the HO, radical.
The rate of TCE or PCE oxidation is given by the expression
~-d(ln M) /dt = ko = kM,OH[OH] + kM’03[03]' (14)

where ky oy and ky,o3 refer to rate constants for reaction of
the substrate with OH radicals and ozone respectively, and k,
is the observed pseudo first order rate constant for overall
oxidation of M. ©Under conditions where the direct reaction
of M with 03 is negligiblé, the last equation may be combin %

with equation (13) to yield eguation (15):

11



kg = km, on2k1Kpgr [H3021(031/[H'] (15)
ky[M] + < k;(S4]
A
In hard ground water the principal scavengers S will be
bicarbonate ions that are present in relatively high con-
centration compared to the pollutant substrate M; then

equation (15) will reduce to equation (16):

ko = Xu,0u2KiKpER [H202][03]/[H) (16)
kyco3 [HCO37)

Equation (16) states that the psuedo first-order rate
constant for the OH radical oxidation of a substrate in the
03/H;0, process should be proportional to the liquid phase
concentrations of ozone and peroxide, and inversely propor-

tional to bicarbonate and hydrogen ion concentrations.

In a CSTR, the level of ozone present in solution (03] is
determined by the rate of transfer from the gas to the liquid

L 4

phase minus the ozone lost to decomposition and reaction:

{d[O3]/dt}y = kl*a(P/H - [03]) - 25 ky[55)[03] (17)

9 \
where 25 Sj refers to all of the species that consume ozéne,
kyj*a i58 the overall nass transfer coefficient, P is tni
partial pressure of ozone in the gas phase and H is the

Henry’s Law constant for ozone in water (82 atm—L-mole‘l)r
12



If we assume that the major reactions consuming ozone are
equations 1 and 2 (Table 2), then equation (17) reduces to

equation (18):
{d[03]/dt}¢ = k1*a(P/H - [03]) - 2k1KpER[H202][03]/[H+] (18)

When the rate of transfer has reached a steady state, the
ozone concentraticn in the liquid phase is given by equation

(19), obtained by setting equation (18) to zero:

k1 *a (P/H) (19)

(03] = -
k) a + 2k3Kpgr[H021/[HT]

This expression for residual ozone can then be plugged into

cquation (16) to give equation (20):

ko = knm, on2K1KpER[H2021/ [H'] k1 *a (P/H)

knco3 [(HCO3™) k1*¥a + 2kjKpgr[H0,1/ [HT)

When the reaction conditions are such that the term
2k Kpgpr[H2021/[HY] is wuch greater than kj3*a, as when
peroxide 1levels are high, then equation (20) reduces to

equation (21):

ko = Ukm,om)iki*a)(p/H) - (21)
Kyco3 [HCO3™]

\

that is, the value of k, will be proportonal to the mass
transfer coefficient, the partial pressure of \ozone in <the
gas phase and the rate constant for reaction of \OH radicals

with the substrate M. When peroxide levels are low, equation

13

(20)



(20) reduces to equation (22):

kg = ku, on2k1Kpgr(H2021/[HY] (F/H) (22)
Kgco3 [HCO3™)

which states that k, should be a linear function of peroxide
dose. In both cases, kg will be inversely proportional to

bicarbonate levels, the assumed principal scavenger.

The experimental data in Figureé 4 and 5 show that hydrogen
peroxide has a significant accelerating effect on the rate of
oxidation of TCE and PCE. Pseudo-first order rate constants
for the oxidation of TCE and PCE at various ozone and
peroxide dose rates are shown in Table 3. In Figure 6 the
values of the rate constants at an ozone dose of 15 ug/min
are plotted versus the ratio of peroxide to ozone dose. The
shape of the curve is precisely that which is predicted by

equation (20) as discussed above.l

The data in Table 3 show that the addition of hydrogen
peroxide causes a maximum rate enhancement for TCE ‘oxidation
by a factor of about 1.8 to 2.8, depending on the ozone dose

rate. PCE rates are enhanced much more dramatically, from

1 There is another pbssible ‘explanation of the shape of
Figure 6, namely, that superoxide 0,~ does not enter into
subsequent OH formation by equation (5), 1i.e. 1in excess
concentration hydrogen peroxide quenches OH radicals by
equations 7 and 8 without contribu{:ing to the pool of OH
precursors (4). There is little reason to suspect that this
is the case but it is a possibility that cannot be discarded.

14



2.0 to 6.5 fold. This is apparently due to the fact PCE
‘reacts primarily by a radical mechanism whereas TCE reacts
both by direct reaction with 03 and by the radical
mechanism.? When OH radical chemistry is dominant, the ratio
of the rate constants for TCE and PCE oxidation should be

equal to the ratio of their rate constants with OH radicals:

kO,TCE/kO,PCE = ksa/}('sb = 1.7 (23)

Inspection of Table 3 will show that the ratio of psuedo
first order rate constants is close to this value when the
ratio of H,0, to 03 is near unity and when the ozone dose

rate is relatively low (4.5 mg/min).

Effects of Bicarhonate on 03 &nd_03/H;0, oxidaiions.

There is a significant amount of bicarbonate in the ground

water tested, which should trap OH radicals and interfere

r

2 The ratio of the pseudo first order rates constants
Ko, 7cE/Ko,PcE When no peroxide was added are not constant
(Table 3) This is probably due to the fact that pure 05
chemistry is never observed in a natural water, and especial-
ly at low ozone doses there is a mixture of direct 03 and OH
radical chemlstry. only when there are no natural
promoters \can the ratio approach the value for the direct
reaction, which accordlng to Hoigné and Bader should be
greater than 170 (13). Since the ratio for reaction with OH
radicals 1;\¥;n1y 1.7 the observed values with no added

peroxide are gevidence of mixed chemistry.

15



with the destruction of target compounds such as TCE and PCE.
The OH radical is far more reactive with TCE than with the
bicarbonate ion, as shown in Table 2; however, the molarity
of the bicarbonate ion (6.0 x 10”3 M at 300 mg/L as CaCO3) is
much greater than that of the organic halides (TCE = 0.76 X

10”6 M at 100 ppb).

The rate constants for reaction .of TCE, PCE and bicarbonate
with OH radicals can be used as a basis to predict the
efficiency Q of radical quenching by TCE and PCE, defined as
the percentage of OH radicals that are quenched by TCE or PCE
respectively. Assuming bicarbonate 1is the principal

quenching agent, Q may be approximated by equation (24):

k54 [TCE] % 100 k54 [TCE]

Q = 28
k53 [TCE] + klo[HCO:;—] kq10[HCO37)

x 100 (24)

Batch scale runs to test the effect of bicarbonate softening

of Los Angeles ground water were not conducted in this study

(however, sce the foliowing paper) . The effect of bicar-
bonate 1is well illustrated, however, in the experimentai
data shown in Fiqure 7 and Table 4. Arrowhead distilled

water, ( [HCO3”] < 0.1 mM) was used as the source of water
for this set of runs. Sodium bicarbonate was used to adjust
the bicarbonate level and pH was adjusted by addition of
sodium phosphate buffer solution. Table 4 summarizes rate
constants from these runs as a function of bicarbonate

alkalinity. Several features of this data are interesting.
16



First, as shown in Figure 7, the rate of TCE oxidation is so
fast in this water at low bicarbonate levels that TCE is
degraded from 500 ppb to 3 ppb within 10 minutes. Under
these conditions it is difficult to obtain good rate data
with our experimental system. Second, values of

Ko, rcE/Xo,pcE are in the range predicted from equation (23)
for OH radical reactions. Third, the rate constants at low
alkalinity values are a factor of two to three greater than
those observed at similar ozone:peroxide doses in the natural
groundwater. This is apparently due to the fact that there
are other radical scavengers in natural waters that decrease
the efficiency of the oxidation of the olefins. Fourth, the
value of the product of kg times the molar bicarbonate level
is a constant at a given ozone dose rate, as predicted by
eéuation (21). Finally, the values of the efficiency factor
Q show that at the high alkalinity values of North Hollywood
ground water, TCE and PCE are not using more than a few
percent of the ‘available OH radicals. These results verify
the expected effect of bicarbonate ion and suggest that
softening prior to cxidation may be a cost effective addition

to the 03/H,0,; process under some conditions.

Ooxidant Doses for 953% Removal of Substrates

The rate constants in Tables 1 and 3 may be used to

calculate the dose of ozone required for 95% destruction of

17



the two olefins (Table 5). A detailed analysis of this data
will not be given here; however, it 1is clear that the
results suggest that the process is quite promising. Further
details of cost/effectiveness of the process are given in the

following paper.

Evidence for Enhancement of Ozone lLass Transfer

When 1liquid phase reaction rates are high, the mass
transfer coefficient kl*a may be 1larger than the value
without rapid reaction k;ja. The enchancement factor E is

defined as the ratio kj*a/kja.

Direct measurements of kja in the CSTR used in this work
give a value of kja of 4.6 (+0.4)x 1074 5”1, These runs were
made in water from North Hollywood Well No. 14 at three

different ozone deses with no peroxide added (Figure 8).

When peroxide levels are high there is essentially no
residual ozone found in the liquid phase or in the ozone off-
gas. For example, in a run with ozone dose at 14.9 mg-min~1

and peroxide dose at 10 mg-min~}, the residual ozone levels

\

were near our detection limit for the indigo method (0.1 mg-

L™1) That is, all of the ozone added is consumed (>98%).

Henéé\ we may may assume that [03] << P/H and for all

\

practical purposes, d[03]/dt is zero. Equation (25) may then

E

18



be used to calculate a lower limit value for kj*a:

Ozone dose(mole-L~1l-s~1)+ Ozone utilization (0.98)

kl*a >
P (atm)/ H (atm-L-mole” ) (25)

The value calculated from equation (25) is kj*a = 7.8 x 1074
s~1, Thus, the mass transfer enhancenent factor for these

conditions is at least a factor 1.7.
CONCLUSION

Direct ozonation of TCE and PCE in a high alkalinity ground
water is a relatively slow process and little effect is seen
when the pH is increased from 4 to 10. The addition of
hydrogen peroxide up to a H;0,/03 ratio of about 0.5-0.7
(w/w) accelerates the oxidation of WCE by a factor of two to
three times and PCE from twvo to six times, depending on the
ozone dose. Because of an apparent mass transfer effect,
increasing the hydrogen peroxide dose rate beyond a certain
level does not increase the oxidation rate of TCE and PCE.,
however, at higher ozone dose rates further rate enhancemnts
can be expected. Relative rate data for TCE vs. PCE oxida-
tion suggests that the principal species involved in the
oxidatgbn is the OH radical. Processes that utilize hydroxyl
radicals \to remove water contaminants are less efficient in

high alkalinity water because of fthe presence of radical

scavengers cuch as HCO3™ and C03‘2. In the present case, the

19



data suggest that TCE and PCE oxidation is still a promising
process even though only a small percentage of the OH
radicals are used for TCE/PCE oxidation. Water softening may
therefore be used to further increase the effectiveness of

the process.
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LEGEND OF FIGURES

Figure 1. Schematic Diagram of 03/H,0,/UV Experirental
System.

Fiqure 2. Scheme showing the principle species in the
decomposition of ozone initiated by hydroxide ions and OH
radical quenching by scavengers.

Figure 3. Effect of pH on the ozonation of TCE in North
Hollywood well water. Ozone dose: 15 mg/min;
Bicarbonate alkalinity: 200 mg/L as CcaCOj.

Figure 4. Pseudo first-order plot for destruction of TCE by
03/H30,5 process in North Hollywood well water. Ozone dose:
14.9 mg/min; Bicarbonate alkalinity: 300 mg/L as CaCO3; pH:
7.2-7.4.

Figure 5. Pseudo first-order plot for destruction of PCE by
03/H;0, process in North Hollywcod well water. Ozone dose:
14.9 mg/min; Blcarbonate alkalinity: 300 ng/L as CaCOz; PpH:
7.2-7.4.

Figure 6. Effect of hydrogen peroxide on the pseudo first-
order rate constants of oxidation of TCE in North Hollywood
well vater.

Figure 7. Effect of bicarbonate on the 03/H,0, process for
destruction of TCE in Arrowhead distilled water. Ozone dose:
4.5 mg/min, H;0, dose: 2.0 mg/min.

Figure 8. Transfer of ozone into the CSTR with ‘water from
North Hollywood well No. 14. No added peroxide.
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OREC GENERATOR
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TABLE 1

Pseudo-First Order Rate Constants for
the O5/pH System

NORTH HOLLYWOOD WELL NO. 26
Rate Constants x 10% (s71)
O3 Dose pH
mg/min pH = 4 pH = 8 pPH = 10
TCE PCE TCE PCE TCE PCE

4.5 5.0 2.8 5.0 2.4 6.1 3.4

8.4 7.8 3.0 8.4 3.1 9.2 4.6
15.1 11.0 2.3 12.1 3.0 11.4 4.5
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TABLE 2

PRINCIPAL REACTIONS IN THE O3/H;0, PROCESS

REACTION CONSTANT REFERENCE

HyOp = 0o~ + HY Kppr=1.6x10"12M
1. HO,™ + 03—03~ + HO, ky=2.8x105M"1g"1 (15)

HO,+ H' + 02~ Kyo2=1.6x10"5M (15)
2. 0,7 + 03— 03~ + O, ko=1.6x109M"1g~1 (16)
3. 0537 + Ht—HO, K3=6.3x1079M (16)
4. HO;—»OH + O, kg=1.1x105%s71 (16)
5a. OH + TCE—> Products (?) k5a=4.0x1094" 151 (5)
5b. OH + PCE —> " ksp=2.3x10%M"1s"1 (5)
6. OH™ + 03~»0," + HO, kg=70M"1s"1 (18)
7. OH + HO,™—3> OH™ + HO, k5=7.5x10%K" 1571 (20)
8. OH + Hy0,—>H,0 + HO, kg=2.7x1071"1s"1 (20)
9. OH + Sj—>»Products(?)
10. OH + HCO;™»>OH™ + HCOj ky0=1.5x107M"1s~1 (5)
11. OH + CO3=—»OH™ + CO;~ k31=4.2x108M"1g"1 (5)

KHC03=5 . OXJ.O—llM

\

12. HCO3™—- H* + co5™

£ 5; is the sun of the various matrix substrates that quench
fiydroxyl radicals.
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TABLE 3

Pseudo-First Order Rate Constants
for the 03/H;0, System

NORTH HOLLYWOOD WELL NO. 14

Rate Constants x 10% (s'l)

O3 Dose: 4.6 mg/min Ko
mg H,0,/mg Oj TCE PCE TCE/PCE
0.00 4.1 1.9 2.2
0.11 5.0 2.2 2.3
0.33 8.8 4.4 2.0
0.54 8.1 4.1 2.0
1.00 7.0 4.0 1.8
O3 Dose: 8.4 ng/min ko
mg H,0,/mg O, YCE PCE  TCE/PCE
0.00 7.2 2.4 3.0
0.12 10 4.1 2.4
0.36 16 7.1 2.7
0.60 18 8.7 2.1
1.00 20 7.3 2.7
O3 Dose: 14.9 mg/min ko .
mg H,0,/mg O; TCE PCE TCE/PCE
0.00 11 1.4 7.9
0.07 14 2.6 5.4
0.14 20 7.1 2.8
0.48 27 7.4 3.6
0.67 29 8.9 3.2
1.00 30 7.6 3.9
1.34 27 9.0 3.0
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TABLE 4

Effect of Bicarbonate on the Rate of Oxidation

of TCE and PCE with the 03/H,0, Systeml

Hy05: 10 mg/min

Hy05: 2 mg/min

[HCO537) 03 : 15 mg/min 03: 4.5 mg/min
(mM) ko x 103 s~1 ko x 103 s71

TCE PCE TCE/PCE TCE PCE  TCE/PCE Qpcgt
0.0 >16.3 >11.1 - >8.4 >6.8 - -
2.0 11.4 5.9 1.8 3.5 2.0 1.9 10
3.6 6.5 3.7 1.8 2.0 1.1 1.8 6
5.2 5.2 2.7 1.9 1.5 0.8 1.4 4

1 o: Efficiency of TCE of OH radicals based on equation (24);
calculated at a concentration of TCE of 100 ppb and at lower

of two dose rates shown above.
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TABLE 5

Dose Required for 95 % Remaval of TCE and PCE
North Hollywood Well No. 26

Process 03 (mg/i) H;0, (mg/L)

TCE PCE TCE PCE

051 9 33 - -
03/H;0,2 4 12 2 8

Conditions: l:0; Dose: 15 ug/min, pH: 8.0;
2: 03 Dose: 15 mg/min, H,0, Dose: 10 mg/min;
1-2:"rnitial TCE and PCE concentrations: 500
and 50 ppb; Alkalinity: 200 mg/L as CaCOj.
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College of Veterinary Medicine and Biomedical Sciences,

D _ ‘ | _ Colorado State Univert;ity,'
Fort Collins, Colorado 80523
December 19, 1984
INYRODUCTION:
At the request of Dr. Robert McCGregor, Water Management, Inc., 1660 South
Albion Street, Suite 513, Denver, Colorado 80222, we performed seven static

tests to determine if photozone was effective in the inactivation and/or destruc-

tion of the cysts of Giardia duodenalis of human origin.
Water Management, Inc., is investigating the potential effectiveness of
photozone equipment at an established water treatment plant at Aspen, Colorado,
. - as an additional safeguard against Giardia. The existing plant is a rapid sand
fiitfation with chemical flocculation and coagulation followed by chlorination in
sufficient quantity to provide the required amount of free chlorine throughout
the distribution system. Photozone will be introduced as an added safeguard aﬁd
as an application that possibly will be more effective in inactivation and/or
\ destruction of Giardia cysts. Therefore, Water Management, Inc., wanted to

determine if photozone together with a small amount of free chlorine was effective.



()

to approx1mate theae cond1t10ns as near as p0881b1e in Trlals I - III on

'5$0ctober 24

The time of year when this system possibly would be at risk for Giardia

would be in the fall and winter months when temperatures are between 0-5°C and

turbldlty read1ngs are in the range of 0. 5 0 8 NTU. The static test was designed
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conducted on November 7-8 1984 to confxrm the results of the flrst tésts and to,

determine if there would be any reductions in the effectiveness of the photozone

at higher levels of turbidity.
) ~ TRIALS I - IIX
Materials and Methods:

Location:

The Poudre River at Fort Collins Water Treatment Plant #1 was chosen as the
site for this test because water temperatures this time of year range between
0-4°C, turbidity is between 0.5-0.7 NTU and the laboratory at.the Watér Treatment
Plant has sufficient equipment for measuring the temperature, turbidity, and ffee
chlorine; moreover, the plant is a source of power for the equipment necessary.

Hethods;

For the purpose of this series of static tests, a 55-gallon nalgene tank was
positioned near the Poudre River and filled with raw foudre Rivér wate;;. fgmpé;a;
ture, turbidity, free chlorine, and photozone levels were established By represen—
tatives of Water Management, Inc.

Source of Photozone:

\
The\ photozone was generated by a ultraviolet tube through which ambient air
concentrated with oxygen was passed. The oxygen concentratiou of the concentrated

air supply as estimated to be 28 percent by weight compared to 23 percent by

wright for normal air. The purpose of the oxygen concentrator in the tests

prrvlig
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was to enhance the overall production of photozone to reduce the setup time for
each test. The photozone was then passed into the nalgene drum and circulated by
means of a perforated PVC tube coiled at the bottom of the drum. Free photozone

was monitored by the ox1dat10n/reductlon potential (ORP) expressed in millivolts.

.,‘..x.,;-._ L x SRS 5:,. LI S o ~~,).;..\-... ,

For a11 the tests, the level of ehotozone was maxntalned between 0.3 and 0 6 mg/l
. e r*—----»--.‘._-«. ] . S -
Source of Glardxa duodenggls cysts°ﬁu
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Cysts were obtalned in. a human stool spec1men through the courtesy of a

local hospital. Cysts were diluted in distilled water, strained through several
layers of gauze to remove the lerger material and maintaieed at 5°C'in distilled
water. Counting of the cyste was performed by direct microscopic examination of
50 microliter subsamples (four replicate counts) and then extrapolated to determine
cysts/mililiter and subsequently cysts/sample. This technique provides a reason-
able level of accuracy but is not an absolute figure. This source was determined
to have a total of 6.5 X 100 cysts/ml.

Although the morphologic quality of these cysts was superb, morphologic
quality does not necessaril} mean that the cysts were alive/or infectious. This
can only be determined by a laboratory excystation procedure or the introduction

of these cysts into a suitable biologic model. Our laboratory uses the Mongolian

gerbil (Meriones ungu1culatus) to determine 1nfect1v1ty The standard procedure
is to~;ntroduce 5, 000 cysts pe; ;ﬁlmél 1neo-each of flve Mongolian gerbils aged
7-8 weeks. If these cysts are highly infectious, the gerbils will begin producing
cyste as a result of the infection on day four post inoculation. They will -
continue to produce cysts for the next 4-5 days reaching a peak cyst productivity
on Day 6 to 7 post inmoculation. If the sample is highly infectious, the total

fecal output of five Mongolian gerbils over a peiiod of 24 hours should produce

ctween 20 and 30 million cysts. Infection of five Mongolian gerbils with
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. the cysts from this human source resulted in a cyst production 7 days later of
27.3 x 10% Giardia cysts. The cysts from these gerbils were thoroughly cleaned

as given above, diluted in distilled water, counted as closely as possible, and

malntalned in d18t111ed water unt11 the time of the trial (two days later).
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i a.‘teanperature ‘c.)f 0- 4°C, a ‘turb;..dl.ty of 0 5-0 8 NTU, a constant amodnt: of photeaoae,
and a varying amount of free chlorine at each trial. During each trial, subsamples
containing Giardia cysts were to be withd;:awn and the (_:hlorin_e. and photozone
denatured with the addition of 1% sodium thiosulfate. Each trial called for a
30-minute treatment subsample and a 120-minute treatment suBaample. The Giardia

cysts contained in these sdbsamplea were to be examined for morphologic quality
and then introduced orally into susceptable Mongolian gerbils to de_termide
if they were inactivated and/or destroyed.
For each trial, once the free photozone and the free chlorine and other
parameters had been establdshed, a total of 5.13‘x 109 Giardia cysts were
introduced into the nalgene drum (10,000 per gallon). At 30 minutes post exposure

a 15-gallon sample was withdrawn from the drum with the aid of a small centrifugal

.pump and the suspended materml trapped on a one micron (nominal rating) polypro-
pylene filter. As the subsample vaslbelng extracted. aedamd thlosulfafewaaa
trickle-dosed into the line. This same procedure was repeated for the 120-minute
trial. Filters containing Giardia cysts and other material present in the raw
water were refrigerated, taken to the laboratory, and proceased in distilled

\\ water. Processing a polypropylene filter calls for cutting the fibers away from

the core and hand washing in distilled water. Once all the filters had been

Rrocessed, they were refrigerated at 59C until the following morning when they
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were processed for animal inoculation. Distilled wvater in 'gallon jars containing
Giardia cysts and other material were concentrated by centrifugation until the
contents of the filter had been concentrated into a 10 milliliter volume.
Subsamples of this material were then examined for Giardia cysts to determine
mor}hologlc q:xallty Iar‘1'd to calculate the.total numbers for am.mal 1noculat10n.'-w.
'_:__The protc;co]: -called for the moculatxon of 7- 10 Mongohan gerbxls vu@ta»'
Glgrd1a cysts from eacb tr1al. A group of 7-10 Kongohan gerb).ls were to Be.
inoculated with cysts from the source material to determine infectivity. A
comparable number of negative controls was also included. In additiomn, a group
of-7-10_gerbi18 were to be orally inoculated with cysts that had been maintained
in river water during the triai and exposed to 1% sodium thiosulfate.

RESULTS:

Five days post-exposure the Mongolian gerbils infect.ed with the source
material (positive controls) passed 35 x 106 Giardia cysts in a 24-hour period.
The Mongolian gerbils infected with the river water control passed a total of

32 x 100 Giardia cysts in a 24-hour period. The Giardia source material and the
Giardia cysts exposed to river water were rated morphologically superb (micro-
scopic examination) the day following the trials and for one week thereafter
(followlng whlch they were not further examined). However, in each photozone
tf1a1 only a few Giardia cysts could be found following 30 minutes exposure‘to‘
the'combination of ozone and free chlorine; at 120 minutes exposure to free
chlorine no Gjardia cysts could be found. Therefore, no Mongolian gerbils were
inoculated with any of the material.

DISCUSSIORN:

The discovery that only a few Giardia cysts were present in the 30 winute

post—exposure subsamples was surprising. Even more surprising was the obvious fact
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that these cysts were dead. The internal structures were shrunken and shriveled
to the degree that they were unrecognizable as cysts. Re-examination of the
protocol used indicates that the combination of photozone and free chlorine

k111ed the cysts before the 30-minute contact time. Even though the photozone

R IR SR 1 ~,~ S g XA, w3, v

and free ch10t1ne were denatured 1mmedlate1y Wlth the add1t1on of IZ sodlmm

.ux;thlosulfate, apparently 'he deterloratlon process qpntlnued whllgwthe’cysts weregi
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"refrigerated in d15t111ed vater overnlgbt, thua destroylug or renderxng unrecog--

nizable the cysts that were present., It has been established, and it is our
experience, that the amount of free'chloriné alone in this system (OfZL_to

0.58 mg/l) is inadequate to kill the cysts in 30 minutes at 0-40C, much less to
effect cyst destruction. Moreover, the examination of Giardia cysts exposed to
‘this amount of free chlorine reveals that the morphologic quality of cysts can be
maintained at 5°C for at least three and usually four days before the internal
structures become distorted and the cysts become ﬁnrecognizable. In addition to
an almost complete destruction of all Giardia cysts present in this raw wvater,
the crustaceans, free-living nematédes, nematode eggs, and crustacean eggs found
normally in this raw water (and present in the river water control) wefe not
present in these trial samples.

RECOMMELIDATIOQHS ;

AN P TEE

The comblnat;on of photogone’and free ?hlofxgé;‘ﬁogéther v1£h the'holdlng
time post treatment obviously effected total destruction of the Giardia cysts. It
was recommended that a subsequent series of trials be initiated and subsamples
withdrawn for morphologic analysis and animal inoculation at 5, 10, 20, and
30-minute intervals. It was further recommended that these samples be processed
as soon as possible after the photozone and the chlorine had been denatured. Cyst

deterioration to the point of complete destruction obviously continued even
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though the photozone and chlorine have been denatured. It was further recommended

that the subsequent trials be performed using only photozone and not a combination

of photozone and chlorine to determine the effect of ozone alone on cyst inacti-

vation and/or destruction. It was also recommended that further tests be conducted

. R EEAR A 2 N (ST 4 _-.v. - I

at hlgher turb1d1ty levels to determlne any 1nterferences Vltb photozone.

-
f"

Introduction:

The results of Trials I through III indicated that 0.21 - 0.58 wg/l free
chlorine in combination with 0.3 - 0.6 mg/l of photozone not only inactivated

and/or killed Giardia cysts but also completely destroyed the great majority.

_However, the procedure used in Trials I through III necessitated holding the

cysts overnight in a refrigerator.at SOC before animal inoculation. The following
morning very few cysts could be found in the 30-minute contact time trials while
none could be foued in the 120-minute contact time trials. Even though the
activity of the chlorine and the photozone was stopped by the addition of 1% sodium

thiosulphate, we felt that cyst deterioration continued despite the inactivation

of Lhe photozone and the free chlorine. Therefore, at the request of this

Cpe

1nvest1gator a second series of trials was initiated. In general, the subsequent
trials called for contact times with photozone and free chlorine of 5 minutes, 10
minutes, 20 minutes, 30 minutes, and one hour. These were done, in part, to
determine if there was any physical deterioration of the cysts as a result of
exposure to photozone and chlorine, and also to determine if the activity of
photozone and chlorine in combination would inactivate and/or kill the cysts at

an earlier time than 30 minutes. Previous investigators have shown that photozone




alone will inactivate and/or kill Giardia cysts as early as 5 minutes at 1

mg/l. However, these investigators were using distilled water, Giardia muris,

and laboratory excystation of cysts as the indicator of inactivation or death,

Tests were also conducted to determine the effect1veness of photozone without

LA A . Sead e P
Lol ‘ [

cblorlne and at turb1d1ty ievols 1n the range of 2.6 - 4.6 NTU.

.- o - PR

A serles ofﬁfout trlals vere planned., Trlal IV vould examlue”bysts for
: N LN A A A PN g ,.:i-qa

morphology and anlmal 1nocu18t1on at 5, 10 .20, 30 and 60 minutes using Poudre'

River water with a turbidity of 0.74 NTU, a temperature of 4.1°C, 0.3 - 0.6 mg/1l
photozone and 0.21 mg/l1 free chlorine. Trial V was designed to examine cysts for
morphology and animal inoculation at 30 and 60 minutes using raw Poudre River
water with the same level of photozone and no chlorine. Trial VI was designed to
examine cysts morphologically and by animal inoculation using raw Poudre River
water with the same level of photozone, no chlorine, and increasing the turbidity
to 2.6 NTU with Bentonite. Trial VII was designed to examine the cysts morpho-
logically and by animal inoculation after 30 and 60 minutes exposure to raw
Poudre River water with the same level of photozone; no chlorine, and 4.6 NTU
turbidity. A concerted effort was made to keep the lag time at a minimum (the
period between inactivation of the photozone and the morphologic examimation or
inoculation of animals).

laterials and Methods: . Y

Location:

The location of these tests and the conditions for these tests were the same
as in Trials I through I1I.

Methods:

The methods of tais series of tests were the same a8 in Trials I through III,



Source of Photozone:

The source of the-photozone for these trials was the same as the source for

the Trlals 1 through III

= o : R T O F OTIL P Ta

Source of Glardla doudena11s c1§ts.

The source of the cysts was. theléame'as for(Trlals I»thr?ugh III ap@Iﬁ%ééJ,
dctermined to have a total of 37.0.3 106 éysts/ml. 4These_cys;s_were likewiéé;fl
introduced into the Mongolian gerbil with essentially the same re;ults as in
Trials I through III,
PROTOCOL:

Genersl: For trials IV, V, and VI the 55-gallon Nalgene drum was seeded with
2 million Giardia cysts (40,000 per gallon); for Trial VII an additiomal 2
million Giardia cysts were added, making a total of 4 million (80,000 per gallon)
for that particular trial,

Trial IV: For this trial, raw Poudre River water at a temperature of 4.10C,
turbidity 0.73, photozone 0.3 - 0.6 mg/1, and 0.21 mg/1 chlorine was used. Five
minutes after introduction of the cysts a 1 gallon grab-sample was removed and
sufficient sodium thiosulfate was added to provide a 1% solution. The same
procedure was used at 10 minutes, 20 mlnutes, 30 minutes, and one hour. These
one gallon grab—samples were siphoned through a 5 m1croﬁ nucleopé?e membrane,-the
membrane washed with distilled water, and the resulting filtrate centrifuged for
5 minutes at 1500 rpm. Cysts were examined for morphologic quality and then
introduced into five Mongolian gerbils at an estimated 5,000 cysts/aﬁimal.

Trial V: Photozone was generated to maintain 0.3 - 0.6 mg/l. Raw Poudre
River water at a temperature of 4.0°C and a turbidity of 0.75 NTU was used. At

30 minutes and 60 minutes post—exposure time 5 gallons of the suspension was




i
pumped through a 1 micron polypropylenme filter. This filter was cut to the core,
processed in distilled water, and filtered through a 5 micron Nucleopore membrane.
The filtrate washed off the nucleopore membrane was centrifuged for 5 minutes at
1500 rpm and the cysts were examined for morphologlc quality and then inoculated

e e R

into five Mongollan gerblls at an estlmated 5 000 cyets/anlmal

Trial VI. y Bentonxte was. added to the Poudre Rlver water to raxse”theg

1‘ S .,_“ TR 7“' L

ﬁurbidity to 2.6 NTU. Water temperature was 4.5°C and photozoue wagimaggtalned
at 0.3 - 0.6 mg/1. At 30 minutes and 60 minutes five gallon samples were pumped
through a one micron polypropylene filter‘and the samples processed as above.

Trial VII: For Trial VII, an additional 2 million Giardia cysts were added
to the existing quantity of water, and an additional amount of Bentonite was
added to raise the turbidity to 4.6 NTU. Water temperature was 4.6°C, Sufficient
photozone was added to maintain a level of 0.3 to 0.6 mg/l. At 30 minutes and 60
minutes 5 gallon samples were pumped through a 1 micron polypropyleme filter and
the samples processed as given above.

River Water Control: Subsequent to the trials, a one gallon grab-sample of
Poudre River water was inoculated with sufficient sodium thiosulfate to make a 1%
solution and 25,000 Giardia cysts from the source material was added.

The following morning the cysts exposed to sodium thiosulfate and the raw
Poudre River water were inoculated into 5 Mongolian gerbild af a ld;;d éfjdbp;dx—
imately 5,000 cysts per gerbil. An additicnal 5 Mongolian gerbils were inoculated
with the source material used for the trial at about 5,000 cysts per gerbil. An
additional 5 gerbils were maintained as uninoculated countrols.

RESULTS
The results are presented in Tablzs ! and 2. The lag time between inactiv-

ation of the photozone and/or chlorine was 20-25 minutes for the 5 and 10 minute

10

FORRS
BEE

Ry

\

\



samples in Trial IV; thereafter, lag time was cut to 15 minutes in the 20 minute,
30 minute, and 60 minute samples from Trial IV and all samples in Trials V, VI, and
VII. The morphologic quality of cysts in Trial IV were judged excellent at 35,
10, 15, and 20 minutes. At 30 minutes post-exposure, fewer Giardia cysts could

be found and these were of poorimorphologic quality, indicating that they were

dead. - The same results were obtained at 60 minutes exposure; however, fewer:.. ..

cysts couid be found.‘.In ftiai v é considerable number of the Qigggii cysts
were judged morphologically excellent at 30 minutes exposure, but fewer cysts were
present in this sample. At 60 minutes exposure, few cysts could be found and all
of these were judged to be of poor morphologic quélity. In Trials VI and VII all
Giardia cysts found at both the 30 and 60 minute sampling periods were judged to
be of éxcellent morphologic quality.

DISCUSSION;

The results of Trial IV indicate that the amount of photozone in combination
with chlorine was effective in killing and/or reandering the cysts of Giardia
inactive between 20 and 30 minutes post~exposure. In Trial V, the chlorine was
eliminated and, as a consequence, three of the five gerbils became infected
with Giardia at 30 minutes post-exposure; however, one of these animals had a very
light infe;tion. This indicated that photozone alone killed the cysts at sometime
betwéeﬁ 30 #nd 6d minut;; éxpo;u;e. The use of photozone at these levels,
together with turbidities of 2.6 and 4.6 NTU did not kill many of the Giardia cysts
in the absence of chlorine.

The test results are reformatted in Table 3 to assist in an evaluation of
alternative Giardia control design concepts. For a photozone concentratia of
0.5 - 0.6 mg/l, a free chlorine of 0.21 - 0.58 ug/l, and a turbidity of 0.53\ -

0.73 NTU, 30 minutes of treatment time are adequate for the deactivation of

11



;
Giardia cysts. If there is no free chlorine, and a turbidity of less than 0.70
NTU, a treatment time of 30 - 60 minutes is required. If shorter treatment tlmes
and no free chlorine .are desirable, additional photozone is required. If the
turbidity‘exceeda 2.30 NTU, treatment times in excess of 60 minutes of additional
phét‘ozone arereqt;l.red .l-t'_o?:c.oﬁ‘t.rd'i Gi-a‘\'gdia ﬁéysta. |

« . v -
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g-water treatiment with ozone

Ozone is a powerful disinfectant and oxidant,
but its chemical byproducts need to be better understood

—
el

William H. Glaze
University of California, Los Angeles
Los Angeles, Calif. 90024

Ozone came into use as a drinking-wa-
ter disinfectant as early as 1906 at the
Bon Voyage plant in Nice, France;
since then, more than 1000 facilities
throughout Europce have adopted the
practice (I). Some usc ozone as the pri-
mary or sole disinfectant; others usc it
as an oxidant for the control of flora,
odor, and color and to reduce the man-
ganese and iron content of dninking wa-
ter. Lately, engineers at European
plants are finding that preozonation en-
hances the flocculation of suspended
particles in surface waters, and its use
for this purpose is expanding.

The use of ozone in North America,
however, has only recently begun to
gain acceptance. According to Rice,
the number of ozonation plants in the
United States has increased from five in
1977 to 20 in 1984 (/). During the
same period, the number of plants in
Canada increased from 23 to nearly 50.
Large plants arc beginning operations
this year in Los Angcles and in Hack-
ensack, N.J.; one plant is scheduled to
open in Myrtle Beach, S.C., in 1988
(Table 1). The Los Angeles plant con-
tains onc of the largest ozone produc-
tion facilities in the world.



One major factor in the increased in-
terest in ozone is the need to decrease
the use of free chlorine in water treat-
ment in keeping with legislated maxi-
mum contaminant levels (MCLs) for
trihalomethanes (THMs). For many
years, free chlorine has been the disin-
fectant of choice in North Amcrica.
Chlorine is not only a disinfectant, it 1s
a powerful oxidant. Unfortunately.
chlorine also produces byproducts,
such as THMs, that can be harmful to
human health. The need for THM con-
trol has forced water utilitics 1o scarch
for appropriate substitutes.

Water treatment by chloramination
(the combination of free chlorine and

ammonia) has emecrged as the most
popular alternative disinfection process
because chloramines do not form
THMs. Chloramines are weak oxi-
dants, however, so stronger oxidants,
particularly ozone and chlorine diox-
ide, are being considered s substitutes
for chlorine at the beginning and mid-
dle of the trcatment process.

Ozone is gaining in popularity for
other reasons as well. In tests in which
ozone has been comparcd with chlo-
rine. ozone has been shown to be supe:
rior to chlorine as a cougulawt (2). It
also appears to form much smaller
amounts of mutagens thar: cither chlo-
rinc or chlorine dioxidc do (3). In addi-

tion, when ozone decomposcs it gener-
ates radical intermediates that have
much greater oxidizing power than
ozone itself does. The use of chemical
oxidants to disinfect water is shown
schematically in Figure |

Ozone generation

Because ozone is an unstable gas, it
must be generated where it will be
used. The most common technique for
generating ozone is the cold plasma dis-
charge methad, in which ozone is
formed by decomposition of diatomic
oxygen:

O, (corona discharger —
0+ -0 th

0O -+ 0. — 0. 12)

Figure 2 1 a double tube ozone.gen
crating unit commonly found in large
scale applications. Large-scale genera-
tors can contain as many as 400 doublc
tubes, and they can gencratc 600 kg!
day of ozone when dry oxygen is the
feed gas. With air, the yield of ozonc is
about 50% of that generated with oxy-
gen. In both cases the feed gas must be
oil free and have a low dew pomt
(—52°C1to —58 °C) Recent advances
in ozone generation by the cold plasma

FIGURE 1

Stow oxidation
. y 1SMS,
digtomic oxygen, and sunfight

Preaxidation

Chemiczl oxidants In water treatment

Microbiolog'cal and
photochamical oxidation of

natural organic materials,
iron, and manganese

® Yypical points of application of
oxidants in surface water
trealment
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method, which have been reviewed by
Coste and Fiessinger (4), include the
development of generators that operate
in the medium frequency range (600
Hz); modifications in the design of the
tubes, particularly the use of ceramic
rather than glass dielectrics, and im-
proved electronic systems for control-
ling current.

Ozone also can be generated by
means of ultravioler (UV) light (less
than 200 nn generated by are dis
charge lamps, 1n much the same man-
ner as ozone is formed in the upper
atmosphere (Equations 1 and 2). Al-
though photochemical units cannot gen-
erale ozone at concentrations as high as
those produced by cold plasma genera-
tors. UV generators may be competi-
tive for small-scale systems because
they require little capital investment
and are relatively easy to maintain.

Transfer of ozone into water

Ovone produced by the cold plasma
discharge methed is present in air or
oxygen at concentrations of 1-3% and
3-7%, respectively. These values cor-
respond to 11-90 g ozone per standard
cubic meter of air or oxygen. A number
of devices have been used to transfer
ozone into water; the most popular is
the counter-current sparged column
(Figurc 3). Other systems include the
stirred-tank reactor with diffuser, meth-
ods that increase mass transfer through
4 combination of small bubble size and
hydrostatic pressure, and the in-line
static mixer.

In the absence of chemical reactions,
mass transfer from the gas phase 1o the
aqueous phase can be described by
Equation 3:

dCH = [ — Oy =
kld(P/H . O (1)
i which € s
ozone in the hyuid phase. C* s the hig-
nid-phase concentration in equilibrium

226 Environ Sci Technol., Vol 21, No 3. 1987

the concentration of

with the concentration of ozone in the
gas phase, P is the partial pressure of
ozone in the gas phase, H is the Henry's
law constant for ozone (0.082 atm m?
g-mol™' at 25 °C), and Kk, a is the over-
all transfer coefficient. The upper
curve in Figure 4 is a plot of ozone
concentration in the aqucous phase ina
SLAC FEactor as 0zone-containing pas 1s
introduced. The initial slope of the line
is related to kg a, which is assumed 1o be
0.36 g-mol m™* min'! in this case.

Under actual conditions in a treat-
ment plant, chemical reactions in the
liquid phase consume ozone. Thus,
Equation 3 must be modified to account
for the loss of ozone by the following
chemical pathways:

dC/dt = k a(PIH — C) —
k(OYHO) ~ k(S)O @)

Here, k, is the rate constant for the de-
composition of ozone and the term on
the extreme right is the sum of all the
rate terms for chemical reactions that
involve substrates (S,) in the water that
consume ozone.

The lower curve in Figure 4 is a plot
of the mass transfer of ozone into the
reactor. It takes into account only the
middle term in Equation 4 (autodecom-
position of ozone). A rate constant of
FOM st is assumed (5). Rupid reac-
tions in the liquid phasc will drive
ozone dissolution; that is, the faster
ozone is consumed in the liquid phase.
the faster it will cross the gas-water
boundary. This is likely to be signifi-
cant to the design of rcactors that are
based on the rapid decomposition of
ozone into radicals.

Drinking-water treatment

Ozone as a disinfectant. Ozonc suf-
fers from two major limitations as an
alternative to chlorine. First, it is unsta-
ble in water: it decompaoses to oxveen
at a rate proportional to the pH ot the
water. For example. ut pH 8. which is

typicai of many drinking-water sup-_
plies, its half-life is less than onc hour.

100 short to ensure that a residual disin-
fectant capacity will remain at the far
reaches of a large distribution system.
Despite its short lifetime. however,
ozone is particularly effective against
recalcitrant microorganisms. It 1y more
effective than is chionine for removal o
Giardia (an orgamsm that causes a gus-
trointestinal disease). viruses, and cer-
tain forms of algac (6).

Second, ozone reacts -with natural or-
ganic substances to produce low-mo-
lecular-weight oxygenated byproducts
that gencrally are more biodegradable
than their precursors are. These sub-
stances will promote biological growth
in a distribution system (“regrowth™).
further limiting the disinfection effi-
cacy of ozone. For these rcasons.
ozone should be used in combination
with other disinfectants that maintain an
active residual for longer periods. and
it should be combined with some
mcthod of filtration for removing bio-
degradable matdrial.

Orzone as an oxidant. Ozone can ox-
idize many nuisance compounds or po-
tential toxicants in water supplics.
These include natural color bodics.
some compounds that produce unpleas-
ant tastes or odors, manganesc(1) and
iron(1l), and phenolic materials. Ozone
also coagulates natural water constitu-

For these reasons, ozone has been
a&ptcd as the preoxidant in the new
Los", Angelcs treatment facility, where
pﬂot s\u tudies have shown that precozona-
tion stbstantially improves the filtra-
tion of.the raw water, thereby reducing
the need for other chemical coagulants
and allowing shorter basin and filter
contact times (2, 7). Comparison tests
have shown that ozone is substantially
superior to chlorine for these purposes

Although the mechanism of coagula-
tion by ozone 1s not clear, several possi-
bilities have been suggested. One possi-
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bility is_the oxidation of metal jons 10
yicld insoluble forms such as Fe(Il).
Another is oxidation of humic matenial
1o form more polar or chelating groups,
which induce coagulation. Finally, ox-
wdative dissociation of natural organic
materia) from colloidal clay particles,
which destabilizes the colloids, has
been suggested. Further research is un-
der way, and more information should
be forthcoming (8).

Chemistry of vzone

In referring to ozone as an oxidant,
chemists often cite the very high nega-
tive value of the thermodynamic free
cnergy of reactions. as set forth ‘in
Fquation S:

0, + 2H* 4 2¢¢ — H,0 +
0, (AG" = --400 k)/mol) (5

in which AG® is the free energy. Al
though this very large negative value
defines the porendial for ozone to act as
an oxidant, the usefulness of ozone in
water treatment is limited by the kinet-
ics of its reactions.

In some cases the kinetics are favor-
able enough to make ozone a practical
enidant, but this is not generally the
case. When ozone reacts with typical
Waler Contaminants. ratc constants can
vury by maore than eight orders of mug-
nitude ranging from 107 M ' s*' for the
phenolate anion to 107" M~! 5! for tet-
rachlorocthylene (9, 10).

Ozone reacts best when it can act as
an clectron transfer acceptor (for the
oxidation of metal ions), as an elec-
trophile (for the oxidation of phenol
and other activated aromatics), and as a
dipole addition reagent (by addition to
carbon-carbon multiple bonds). The
rutes of oxidation of organic com-
pounds by ozone are severely de
pressed. however, by electron-with-
drawing substituents. For example.
ozone reacts poorly with most aliphatic
organic halides, such as chloroform.

Ozonc also does not react with
aliphatic compounds other than those
that have easily oxidized groups. such
as aldchydes and ketones. Moreover,
ozone is not a good oxidant for mast
specific organic materials in wales
treatment. Rice has, however, pointed
out several exceptions: Ozone has been
used 1o oxidize sulfides, nitrites (10 ni-
trate), cyanides (to cyanate), and some
detergents and pesticides (117).

The radical chemistry of ozone.
Recent studies from several laborato-
rics support the application of ozone as
a chenmueal oxidant for water and waste-
wialer treatment. Basic rescarch has
shown that ozone decomposcs by a
complex mechanism that involves the
peneration of hydroxyl radicals. which
are among the most reactive axidizing
species (Table 2). Other studics have

— —With decomposition

B —’:- "__'s_‘ et
£ I
3 Y //9
3 ;
| S
. o 1
lg.l-eu kea = 036min
- . Without decompositior
e ¢ With decomposition
g i
i :
2t }
] .
!
!
o [ )

PRSP

3 REEESLEAREA Dogt-2
N §

B w-,_v-.-.e-mg’uwﬁ "rfg:}a

involved ozone and some other agent or
process. such as UV radiation. hydro-
ren peroxide, or ultrasound, to develop
water treatment processes that are sub-
stantially more powerful than ozone is
alonc. These new processes are related
chemically to the decomposition mech-
anisms so elegantly elucidated by
Hoigné et al. (5, 12-/4) and Forni et
al. (15) and anticipated much earlier by
Taube and Bray (/6).

The decomposition of ozone in pure
water i1s shown in Figure S as a cyclic
chain mechanism; the overall stoi-
chiometry ts shown by Equation 6:

Decompaosition can be initiated by hy-
droxide ions. formate ions. or a varicty
of other ‘species, and in purc water the
chains arc\vcr_v long (/7). A single im
tiation S can cause the decomposi-
tion of hundreds of molecules of ozone
before the chiin ends. Ozonc is unsta-
ble at high pH\valucs because the de-
composilionyrogcss is initiated hy hy-
droxide jons.

In the presence of the usual watee
contaminants, such as bicarbonute 1ons
and natural organic matter, the cvehe
chain shown in Figure § cun be hroken
In the case of bicarbonate, the reaction
(Equation 7y 1s a simple election trans
fer process with the hydroxy! radical:
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HCO; + OH — OH" + HCO; (N

The net effect is 10 retard the decompo-
sition of ozone. Hoigné and co-workers
have shown that increasing the carbon-
ate ion concentration from 10 g/m3 to
100 g/m? in phosphate-buffered water
will approximately double the half-life
of ozone at pH 8 (5).

Ozone and natural organic matter.
When natural organic materials are
present, ozone decomposition is aceel-
criated. und the chemistry becomies
more complex. There are several reac-
tions that can occur when ozone s
added 1o natural waters:
® Free or complexed metal ions can be

oxidized, possibly by one-clectron
transfer processes, to yicld the
ozonide radical anion, which can
then initiate the chain decomposition
of ozone (/7).

e The hydroxyl radical can react with
aromatic groups in the humic mole-
cules, yielding hydroxylated forms,
which are then more susceptible to
further attack by ozone (/8).

¢ The hydroxyl radical can react with
aliphatic side chains or faity acids.
usually by hydrogen atom abstrac-
tion reactions. The organic radicals
formed will gencerally add dioxygen
to form organic peroxides. which
decompose by ehiminating the super-
oxide 1on. The superoxide ion can
then reenter the chain to cause more
decomposition of ozone and in-

228 Environ. Sci, Technol., Vol. 21, No. 3, 1967

creased formation of hydroxyl radi-

cals (17, 19).

* Ozone can react with carbon-carbon
double bonds in the humic molecule
(by the usual pathway [20}), first to
yield peroxidic intermediates and
then to give hydrogen peroxide and
carbonyl products.

Ozone and synthetic organic sub-
stances. If anthropogenic organic ma-
terials are present in water. the same
reactions can result in the destruction of
these species by ozone. hydroxy! radi-
culs. or both. In general. the hydroxy!
radical reacts with organic compounds
at rates that essentially are coatrolled
by diffusion; rate constants tglpically
are between 107 M™'s' ! and 10° M s
(Table 2).

Thus. it is possible in principle to in-
duce ozone to act according to an cn-
tirely different kind of chemistry than it
usually shows in nonaqueous solvents.
Indeed. in actual water treatment appli-
cations ozone probably ncver acts ac-
cording to the classical chemistry that
onc finds in textbooks that describe
nonaqueous systems (20, 2/). Classical
reactions can occur, but there also will
be a parallel set of reactions, often in-
teracting with the first, involving the
radical intermediates (especially the
very rcactive hydroxyl radical), us
shown in Figure 5. As Stachelin and
Hoigné have nated. these radical proc-
esses are promoted by the products of
the classical reactions, especially the

superoxide ion (/7, 19). But they are
also promoted by other water contami-
nants, such as mctal ions.

Under practical conditions, the dose
of ozone is nzver enough to satisfy the
ultimate demand. and the reactions dis-
cussed above generally will stop when
the supply is depicted. Typically. this
will be long before the organic sub-
stances have become mineralized to
carbon dioxide

Catalytic ozonation processes

Ozone van be combined with other
processes or agents for more effective
water and wastewster treatment than s
passible by ozonaton alone:

e radiation (2225

e ultrasound (26,

e hyvdrogen perenide (27, 28). or

o melhic catalvsts, such as reduced

iron {29).

Each of these processes probubly -
volves chemistry similar to that dis-
cussed by Hoigne et al. for the base-
catalyzed decomposition of ozone (5.
13, 14). Hoigné has identified the hy-
drogen peroxide anion HO,™ as one of
the species that can initiate the cyclic
chain process shown in Figure S. This
apparently accounts for observations
that hydrogen peroxide increases the
cifectiveness of ozone for removal of
organic substances during water treat-
ment (27, 28, 30).

Peyton and Gluze (25. 3/} have veri-
fied the carlier work of Taube (32).
who showed that the UV photolysis of
ozone in water yields hydrogen perox-
ide rather than two hydroxyl radicals,
as occurs in wet air. Thus, the ozone-
UV pracess resembles the ozone-per-
oxide process but offers the additonal
advantape that direct photolysis and
photosy nthesized processes also occwn
10 decompose organic substrates.

These ozonuti@n processes are at-
tracting increasing attention because of
theic ability to destroy organic sub-
stances in water. Figure 6 illustrates the
destruction of several chlorinated or-
ganic contaminants by ozone with and
without UV radiation. (The loss of
chloroform [CHCHL] and dichlorobro-
momicthane [CHCLBr] is caused by
sparging. not by direct teaction with
ozonc.) In general, UV cxﬁ sure aveel:
crates the decomposition 0} these sub-
stances, although the decayv\of heaa-
chlorobiphenyl (HCB}) is rclaré d.

Trials of these processes now iﬂxpmg-
ress or in planning stages ainrat apply-
ing them to the renovation of ground-
water contanunated with synthetic or-
ganic compounds. The advantage i
that these processes destroy the con-
taminants instead of transferring them
to another phase, as do dir sripping.,
granular activated carbon (GACY ud-
sorption, and reverse osmosis. The
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commeraial fezsibility of these proc
esses is still uncertain.

Health effects studies

Several studies have attempted to de-
termine the compounds formed by
ozonation alonc and in combination
with other processes in natural waters.
Most of these studies have yielded no
surprises. Aldehydes. carboxylic acids,
and other aliphatic, aromatic. and
mixed oxidized forms have been ob-
served. Nonc appear to cause signifi-
cant toxic cffects at the concentrations
cxpected in ozonated waters (33).

Most bioussay screening studies have
shown that ozonated water induces sub-
stantially less mutagenic activiny than
chlormated water does. One studs
showed that ozonation decreased muta
genic activity in Rhine River water.
whereas the activity increased after the
water was treated with chlorine and
chlorine dioxide (3). These studies do
not necessarily remove all concern
about the safety of ozonation for drink-
ing-water treatment. There may very
well be byproducts formed that harm
human health: they simply have not yet
been Jound. I s instructive 1o recal)
that chlorine was used for decades be-
fore THMs were discovered in drink-
ing water. The situation with ozone by-
products may be analogous.

All of the health effects studies car-
ried out so far have used preconcentra-
tion techniques that may cause some
byproducts to decompose during work-
up. These byproducts include perox-
ides, epoxides, and conjugated unsatu-
rated aldchydes. Further research is
needed if ozonation 1s to be adopted on
a large scale in the United States.

Ozone and biological treatment

The by products tormed by oxrdation
with ozone and  catalvtic ozonatios
provesses are generally more gimenable
than are those tormed by chlorination
processes to removal by biological
treatment provesses—that s, they are
more biodegradable than their precur-
sors are. This is a disadvantage if ozone
is to be used as a terminal disinfectant.
It applicd before filtration, however.
ozone can promote biological activity
in the filter that will remove organic
matter and THM precursors: in the fi-
nal step, the water can be treated with
chlorine or another disinfectant.

Ozonation i advance of filtration
with GAC has been called the biologi-
cal activated carbon process. This com-
hinstion of processes has been studied
i Western Europe (34-36), where it
was poneered. and in North America
(37-38). DiGimo recently  reviewed
the subject and concluded that the com
hitsion ol preozomation and GAC 1)
(rallesis (UInoves oreann substances but
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that the cffect is not as dramatic as
some of 1ts proponents claim (39).
Nonctheless, there are several treat-
ment plants in Europe that arc using the
ozone~-GAC process, and active re-
mova) well beyond the period of GAC
exhaustion is reported (36). 1t is possi-
ble that the use of catalytic oxidation
processes will increase biodegradability
even more than ozone can alone.

Ozone system costs

Although ozone systems are capital
intensive. they offer significant econo-
mies of scale. Costs of generating and

JLontacting systems vary from one site

to another, but about $2400/kg of
ozone/day is a plausible figure for a
plant producing 900 kg/day of ozone.
This would be ¢nough to treat 100 mil-
lion gal/day of water (4.4 m¥/s) with an
ozone dose of 2g/m* (2 ppm) and
would require a capital investment of
approximately $2 million. Capial costs
for systems pencraung O-5keh of
abvout tiee times these than
penetate more than S0 kgoh.

[RPRRHICEMING

Operating costs of ozone plants also
vary, but a range of $0.001-50.002:m’
seens t be typical of most plants in the
United States. Ozgne production is en-
ergy intensive and requires 16 kWhrkg
and 24 kWh/kg of ozone for oxygen-
and air-fed systems, respectively. Total
treatment costs for ozonation are in the
range of $0.04/m* 10 $0.06/m? of water
for plants that process 10 million-gal/
day and 100 million-gal/day (0.44 m"/s
and 4.4 m¥/s). respectively. assuming
an ozone dose of 1 ppm.

For the future

It is likely that the use of ozone in
water treatment will increase substan-
tially in North America. In the near fu-
ture, its principai application is likely to _
be similar 10 the new Los Angeles
plant, where ozone is used i coagulant
aid. Ozonation also will find new appli- ~
cations as & substitute for prechlorina-
tion for control of biofouling, taste and
odor control, and manganese removal,
particulatly e maamum contanu-~
nant feveds for THAMs are lowered.
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The control of THM precursors,
groundwater chloroorganics, and other
synthetic organic materials by ozona-
tion is ‘not likely to be successful. Ad-
vanced catalytic ozonation processes,
however, are showing promise for such
applications and will be studied more
thoroughly.

As the use of ozone for drinking-wa-
ter treatment increases, particular at-
tention will have to be paid to the use of
appropriate analytical methods and sep-
aration procedures that will give an ac-
curate representation of the substances
present after oxidation—not just those
that survive the work-up procedures.
Of the byproducts of particular intcrest,
unsaturated aldehydes, epoxides, and
peroxides are the most likely to cause
harm.

As advanced oxidation processes are
cvaluated further. it is possible that new
ozone contacting systems will emerge
to take advantage of the inherent rapid
mass transfer and chemical reaction
rates of radical processes. New designs
that ~ombine ozoaz generatio. with
ozone. UV. and peruxide injection may
emerge as the best commercial pros-
pects for advanced oxidation processes
in water and wastewater treatment.
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1, ANTECEDENTES,

El presente estudio se desarrollo bajo los lineamientos
del "PROYECTO DE COOPERACION TECNICA PARA LA EJECUCION DE UN
PROYECTO DE DEMOSTRACION DE MEJORAMIFNTO DE LA DESINFECCION
DE SISTEMAS DE AGUA POTABLE DE PEQUEfIAS COMUNIDADES Y PUEBLOS
A TRAVES DEL MOGGODv,

Dicha accidn se debe a la promocién que la Orgsnizacion
Panamericana de la Salud, OPS, ha venido desarrollando para-
el uso de tecnologia apropiada para la desinfeccion del agua
en comunidades pequefias, ’ ’

Dentro de esta pol{tica, OPS y CEPIS, han patrecinado
diversas investigaciones en el campo de la desinfeccion del
agua, Una de ellas indlca al momento que los gases oxidan--
tes in situ (MOGGOD), parece ser una de las tecnologfas con
mas perspectivas de ser empleads,

Diversas experiencias se han realizado con la desinfec-
cion MOGGOD y en diversos pafses, hasta que en septiembre de
1987 se realizo un convenio entre el Gobierno de Guatemala,
representado por el Instituto de Fomento Municipal INFOM y
la Unidad Ejecutora del Programa de Acueductos Rurales UNE-
PAR, la Organizacion Panaméricana de la Salud a traves del
Programa de Salud Ambiental y el Programa de las Naciones U-
nidad para el Desarrolle, celebraron el convenio del proyec-
to mencionado al iniclo, con los siguientes aspectos:

1.1 CONSIDERANDOS:

- Que el PNUD ha aprobade la propuesta de Froyecto de De
mostracion de Mejoramiento de la Desinfeccion de Siste
mas de Agua Potable de Pequeflas Comunidades y Pueblos™
a traves del MOGGOD y ha proporcionado fondos inicia--
les para acciones preparativas de la OPS/HPE en los
palses colaborantes,

- Que la inadecuada desinfeccion de agua potable es un
problema de salud publica muy serio,

= Que el MOGGOD tiene buen potencial para evitar ¢ dismi
nulr restricciones existentes contra desinfeccion del
agua potable,

= Que el Gobierno y OPS/HPE tienen integés en la explora
cion ge‘posibilidades de la fabricacion del MOGGOD en
el pais, :

~ Que el Gobierno y OPS/HPE tienen interés en el desarro °
1lo de la tecnologf{a del MOGCOD en el contexto del pals,

1



- Que el pafs tiene la capacidad tecnoldgica para-instalar,
operar, monitorear, analizar, evaluar el MOGGOD, tecnolo
gla y dispositivos y hacer recomendaciones para mejorar

el MOGGOD,

Derivados de los Considerandos, se determinaron claramente
las reasponsabilidades de la OPS )y del INFOM-UNEPAR, las
cuales se detallan a continuacion:

1,2 RESPONSABILIDADES DE LA OPS:

- Comprar 2 unidades del dispositivo MOGGOD y repues--
tos esenciales y entregar dos unidades al Instituto
de Fomento Municipal (INFOM) y una unidad a la Uni--
dad Ejecutora del Programa de Acueductos Rurales
(UNEPAR) &

- Proporcionar a la agencia colaborante las instruccip
nes para la instalacion del MOGGOD,

- Preparar { entregar manuales de operacion y manteni-
miento del MOGGOD en espariol,

- Colaborar técnicamente con las agencias/institucio-—
nes apropladas en los asuntos tecnicos del MOGGOD re
lativos a su instalacion, operacion, mantenimiento,”
vigilancia, demostracion y desarrollo,

- Proporcionar material para educacion de los ingenie-
ros y operadores,

- Establecer con las agencias colaborantes el protoco-
lo para monitorear la eficiencia, efectividad, dura-
bilidad, costos, consumo de sal y electricidad,

~ Establecer con la agencia colaborante los Jprotocolos
para monitorear el nivel de desinfectante 'y determi-
nar la duracidn del desinfectante residual,

-~ Recolectar y analizer la informacidn y datos genera-
des por todas las agencias y pafses e intercambiarlas
con todos los particlipantes,

\= Proporcionar criterios de seleccion de comunidades

\ para participar en este proyecto de demostracidn,

\ .
- ‘Proporcionar ayuda técnica sobre la fabticacidn 1lo-
al del dispositivo de MOGGOD,

- 2



1.3

Diseminar nueva informacidn técnica en relacion de
las investigaciones actuales y avances clentificos
de MOGGQOD,

Proporcionar sal comin (cloruro de sodio) de pureza
adecuada para los dos primeros aflos de operacion de
los equipos,

RESPON SABILIDADES DEL INFOM Y DE UNEPAR:

Seleccionar comunidades apropiadas para participar
en este proyecto de demostracion bajo los criterios
para la seleccidn,

Obtener compromisos y negocliar acuerdos con las co-
munidades para su participaciocn,

Ingstalar los dispositivos MOGGOD de acuerdo con las
gufas proporcionadas por OPS,

Recoleccidén y analisis de informacion y los datos °
perativos necesarios para determinar los costos y
el consumo:

a) de la sal, ‘

b) de 1la eleﬁtricidad

c) del agua para ele"trolisis, por metro cibico del
agua tratada,

Determinar la mi{nima residual practica para asegu--
rar agua libre de patogenos,

Determinar las horas requeridas por mes para opera-
cieén y mantenimiento,

Determinar en cada sistema la disminucidn, del resi~
durl en la red de distribucion,

Monitorear la operacion y mantenimiento del MOGGOD,
Identificar las fuentes de sal y su pureza,

Formular recomendaciones ,para mejorar el dispositi-
vo MOGGOD y su instalacion as{ como la operacion,

Hacer recompndaciones sobre la factibilidad de fa-~ -
brica iyn del MOGGOD en el pais,

Preparar informes trimestralés sobre el progreso
del proyecto de demostracion,



2, OBJETIVOS,

El objetivo principal de este informe es presentar las
experiencias, en relacion a la desinfeccién utilizando la
"MEZCLA DE GASES OXIDANTES GENERADOS IN SITU".

Ello implicara la relacidn cuasi cronologica y detalla
da de los diferentes pasos que hubo que dar, degde la cele-
bracion del convenio Easta el inicio de operacion del equi-
po seleccionado y el seguimiento a que se sometlio para con-
trolar las diferentes’variables que intervienen en el con--
junto de experiencias, ‘

De igual manera previo a la relacidén, se incluira ’una
informacion general que permita ubicar al amable lector, en
el ¢ontexto en que se desarrolld la investigacidén prelimie-

‘l’ _ nar, -

3., MARCO GEOGRAFICO Y POBLACIONAL,

La Repiblica de Guatemala tiene un area de 108,889 Km2 y se
encuenyra localizada al norte de la America Central entre
13° 44"y 17° 50' latitud norte y 88° 33' y 92° 13' longitud
oeste, La densidad media:de poblacion es de 70 habitantes
por Km<, , , ,

En 1986 la Republica de Guatemala alcanzo una poblacion de
8;135 117 habitantes, con una tasa de crecimiento anual de
2.7 * ’ » ’

La digtribucion total de poblacion por sexo se presenta en
la grafica sigulente:

CRAFICA 1
POBLACION Y YORUENTAJE POR SEXO
REPUBLICA DE GUATEMALA
® ARO 1986
POBLACTON ’
SEXO " No, %
TOTAL 8,195,117 100
MASCULINO L, 143,071 50,6
FEMENIN‘O\ L,052,0L6 L9,k

\

FUENTE: Guatemala en ;}{Tas de Salud, MSP y AS,
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. La pnblacion total se encuentra dispersa en unos
18,640 nacleos de poblacién, de los cuales 98% tiene menos
de 2,000 habitantes,

Esos nlcleos poblacionales comprenden aproximadamente
el 644 de la poblaclon total,
La pvblacion esta dividida en sector urbano 'y rural,
or definicion, se entiende por poblacion urbana, la que
Eabita en las 526 cabeceras municipales y la ciudad capi--

tal.

MARCO INSIITUCIONAL,

UNEPAR, es la Unidad Ejecutora del Programa de Acue--
ductos Rurales. Es una dependencia del Ministerio de Sa--
lud Pablica y Asistencia Social, )

Fue creada en 1975, sustituyendo al Departamento de Inge--
nier{a Sanitarla de la Division de Saneamiento Ambiental,
Opera a nivel de Direccion, dependiendo directamente del
Ministerio de Salud Publica y Asistencia Social, -

Como objetivo fundamentsl UNEPAR tiene‘el proveer a-
gua potable al sector de la poblacidén rural; trabajando
con los n"Comites Oficiales de Agua Potable", quicnes se con
vierten et el enlace dinamico entre la institucidn y las co
munidades. -

UNEPAR  atiende todgs-los departamentos de la Repiblica
con excepcion de El Peten, ejerciendo su accion a traves
de: , ,

- Direicion y Administracion con sede en la ciudad ca-

i(}a’o ‘ ’

- gegion Central, con sede en la ciudad de Guatemala,

- Replon Oriental, con sede en la ciudad de Chiquimula
- Repion Norte, con sede en la ciudad de Cobén.

- Reylon Occidental, con sede en la ciudad de’ Quetzal-
tenango,

REGION ORIENTAL,

_En el presente informe se hara una ampliacidn sobre es
Region, dado que la Direcclon de UNEPAR delegd la responsa-
bilidad de la experiencia del MOGGOD en ella,

5.1 COBEKTURA,

La Reglon Oriental, desarrolla‘su accidn én 4 de-
partamentos de la ZoniENor-Oriehtal, cubriendo una su-
perficie estimada de 12,530 Km2,

La grafica No, 2 muestra el mapa de la Replblica
de Giatemala, con el area de accion de la Regidn.
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Un detalle de esa area se presenta en la grafica No.- 3
La cobertura de servicios en cada uno de los departa--
mentos se muestra respectivamente asi:

- Crafica No, 4: El1 Progreso,

!

Grafica No, 5: Zacapa,
Grafica No, 6: Chiquimula,
- Grafica No, 7: Izabal,

La grafica No, 8 presenta un resumen cuantitativo de a
tencion,
GRAFICA No, 8

COBERTURA REGION ORIENTAL
DEPARTAMENTOS - MUNICIPIOS ~ COMUNIDADES

MUNICIPIOS SISTEMAS | COMUNTDADES
DEPARTAMINTO |  ATENDIDOS | CONSTRUIDOS| BENEFICIADAS
CHIQUIMULA 11 17 31
ZACAPA 10 14 33
IZABAL L 25 Lo
EL PROGRESO 5 6 10
TOTALES: 30 62 114

FUENTE: Regidn Oriental de UNEPAR

DESARROLLO DE LA INVESTIGACION,

De acuerdo con los términos delhconvenio firmado en
Septiembre del 87, se tuvo conocimiento que el CEPIS orga--
nizar{a en Lima Peru, el "Primer Seminario Internacional
sobre D931nfecclon por Oxidantes Mezclados", La participa-
cion en dicho seminario llevaba imp11c£¢o el presentar algu
nas experiencias, por lo que la Direccidn de UNEPAR, dés sig-
no al suscrito ,para realizar la investigacion de campo.
Se recibio a finales de Octubre el equipo y se comenzd

a elaborar las estrateglas de trabajo, las cuales se descri

biran a continuaciédn:
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6.1 EQUIPO

La unidad "OXI" producido por Oxidizers Inc, L990

Euclid Road, Virginia Beach, VA 23462 entregado a
UNEPAR, es una unidad que consta de una celda electro-
litica.
La grafica No, 9 muastra una reproduccidon de la celda
con sus componentes, En esta celda se produce una mez
cla de oxidantes consistentes en cloro, oxfgeno ¥ perg
xido de hidrogeno en el compratimiento del anodo,

En el compartimiento del catodo la celda produce
hidrdgeno én forma gaseosa e hidroxido de sodio en for
ma 1fquida.

El anodo y el ¢tatodo estan separados por una mem-
brana semipermeable,

La otra parte de la unidad es un autotransforma-
dor de corriente que utiliza 110 - 120 VAC a 60 Hz. La
grafica No. 10 muestira el autotransformador en vista
anterior y posterior,

6.2 OPERACION DEL EQUIPQ,

La unidad MOGGOD utiliza cristales-de hidroxido
de sodio en el compartimiento del anodo, ambos en solu
cidon con agua destilada,

La sal debe gser de alta calidad, es decir cumplir
con las normas Sterling TNA5 u otro equivalente con ba
ja concentracion de calcio,

La electrolisis de estas dos soluciones a un gasto
energetico de 3 a 10 voltios produce compuestos oxidan
tes mencionados anteriormente,

Log elementos ox{geno y cloro son absorvidos fue-
ra del anodo por un tubo de Polipropileno conectado a
un venturi,

Para la investigacion se utilizo un inyector
MAZZEL, el cual se instalo cerca del punto de restric-
cieén creado por una valvula de compuerta, con lo cual
se crea una presion diferencial la cual no debe ser me
nor del 24% para que se produzca el vac{o que succione
los oxidanteg producidos,

La instalacion la muestra la grafica No, 11

El exceso de hidroxido de sodio 1{quide producido

ﬁn eilproceso es drenado tal y como muestra la grafica
o,

El gas hidrdgeno proveniente del catodo es mas 11
viano que el aire y es eliminado a la atmosfera por un
sistema de ventilacion ubicado en el techo de la insta
lacidn,

La generacidn de gas es controlada por por la
electrolisis de la solucion, La velocidad de la elec-
trélisis se controla variando la corriente eléctrica -

13



GEAFICA Fo. g

CELDA ELECTROLITICA

1.
2.
3.
4.

6.
7.
8.
9.
10.
11.
12.

Compartimiento del anodo
Compartimiento del cdtodo
Orificio/agua soda cadstica
Tapon plastico orificio 3
Orifiocio/agua sal

Tapon plastico orificio 5
Visor del nivel de sal
Drenaje de soluoidn de sal
Hembrana semipermeable
321ida de mezcla de gases
Drenaje de cgoda catdstica
Ventilacion del hidrdgeno
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6.3

que fluye por los electrodos y a su vez la corriente e-
lectrica se controla cambiando el voltaje usando un
reéstato e hotdn de control como se muestra en la grafi
ca No, 10,

Con lo dicho enteriormente se concluye que el de--
sinfectante residual que se desce, se obtiene ajustande
unicamente el botdén de control del sutotransformador.
Este residual se lee con un comparador en el sistema de
distribucion

SELECCION DE LA COMUNIDAD,

Dentro de la responsabilidad de UNEPAR quedo la
seleccion de la comunidad para desarrollar la investiga
cion,

El criterio de seleccion quedaba determinado por
los siguientes parametroa.

- Ubicacion'
clentemente cerca de un laboratorio con capaci
dad ara hacer analisis bactriolégicos y proxima a 1a
Oficgna Regional para facilitar el seguimiento,

- Tamafio de la poblacion: '
tre 500 v IEUU habitantes,

- Serviclos existentes:
Energla electrica y un sistema de agua con redes de
distribucidn para un servicio continuo.

- Calidad bacteriolégica y f{sico~quimica del agua:
Kgua con necesidad de desinfecclon y bajo nivel de tur

biedad,

- Organizacion de la comunidad:
La comunidad debe contar con una junta administradora
o Comité de Agua Petable y ,proporcionar un operador
de la unidad de desinfeccion,

En base en los aspectos anteriores y revisando el
inventario de comunidades abastecidad con sistemas de
agua potable ge aelecciono la aldea PUEBLO NUEVO, en el
municipio de Usumatlén, del departamento de Zacapa.
Las caracterfaticas que la poblacién reunfa se des
criben a continuacion:

- UBIGACION: 4

La comunidad se encuentra a la altura del kildmetro
114 de la carrotera CA-9 Norte y a 56 kildmetros de la
ciudad de Chiquimula, scde de la Region Oriental de
UNEPAR,
17



En la cludad se contd con la colaboracion del labora-
torio de la Jefatura de Area de Salud y’del labératorio
del Centro Univesitario del Nor-Oriente, CUNORI, ’
La poblacidn se encuentra en la cuenca del Rfo Motagus,
el rfo mas grande de Guatemala y en sus orillas corre
el R{o La Palmilla que aguas arriba permite la obra de
captacidn que surte el sistema de agua. Dista de la
cabecera Municipal, Usumatlan, 8 kildmetros y de la ca
becera departamental, Zacapa, 40 kilometros., '

La situacion puede observarse en la grafica No, 12,

TAMARO DE LA FOBLACION:

Estudios hechos para el mejoramiento del actual acue--
ducteo, indican que cuenta con 90 viviendas con una es-
timacidn de 540 habitantes en la zona de mayor concen=-
traciodn,

SERVICIOS EXISTENTES: ,
Tarretera de terraceria con una longitud de 2 kilome=--
tros que interconecta con la carretera CA~9 Norte,
Escuela y edificios religiosos (dos).

Energf{a Eléctrica a nivel domiciliar. Se carece de a-
lumbrado publico, ’

Servicios de Salud, prestados por el puesto de Salud
de la Cabecera Municipal, ‘

Sistema de Agua potable, construido en 1976, con capta
cion de fuente superficial sin tratamiento, El servi-
cio cuenta actualmente con 60 conexiones domiciliares,
un tanque de almacenamiento de 30 M3, con un caudal de
entrada de 1,4 L/S equivalente a 120,960 litros dia---
rios y una longitud total de 4506,00 metros de tuberf{a
instalada,

CALIDAD BACTERIQLOGICA:

Slendo una fuente superficial era de esperarse que e-
xistiera algin rango de contaminacion, sobre todo por-
que en los alrededores de la obra de captacidn hay 6
viviendas que utilizan el agua del rfo La Palmilla pa=-
ra resolver todas sus necesidades,

Efectuado el analisis se comprobs la hipdtesis y la
grafica No, 13, muestra el resultado del analisis pre-
vio a la investigacion,

No fue posible analizar y comparar la turbiedad y co-
lor con los patrones usuales, pero a simple vista el
agua presenta un aspecto libre de turbiedad e incolora,

ORGANIZACION COMUNAL: a ‘

La comunldad cuenta con un Comité Pro-Mejorsmiento, cu
yos miembros sobre todo el Presidente y Vice-Presiden=
te, prestaron una colaboracion y un entusiasmo encomia
ble al desarrollo de la experiencia, El Vicepresiden=
te fue el operador auxiliar en el control y manteni---
miento del equipo,

18



GRAFICA No.
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MUNICIPIO DE USUMATLAN

PUEBLO RUEVO

CONSTRUCCION SISTEMA
2\ COREXIONES DOMICILILRES

TUBERIA INSTALADA

CAUDAL DISPONIBLE

1,976 .
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GRAFICA No, 13

RESUMEN DE RESULTADOS
ANALISIS BACTERIOLOGICOS

FECHAS |
CONDICIONE 27-10-87 | 12-11-87[19-11-87 |25-11-87
No. MEMBRANAS ) ) , ,

FILTRANTES
MEDIO
SELECTIVO INDO |, ENDO EN DO ENDO
VOLUMEN
MUESTRA 25 25 25 25
No. COLONIAS
COLIFORMES 216 8 0
COLIFORMES ' , '
p/100 M1 5,400 1,700 0
TIEMPO : . . :
INGC, 2k Hrs, | 24 Hrs, | 24 Hrs, | 24 Hrs,

\
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6.4+ INSTALACION DEL EQUIPO:

6.5

Para realizar el montaje, se escogié un punto de
la 1{nea de conduecidn situado a 15,00 m, del tanque
de almacenamiento., Se disefié la caseta de proteccion
del equipo, siguiendo lag instrucciones del fabricante
en cuanto a la ventilacion inferior f superior para e-
vacuacion de los gases tanto los livianos y pesados en
relacion al alre,

Las dimensiones de la caseta fueron:

~ Largo? 1,20 m, .

- Anchos 1,20 m, A

- Alto: 2,00 n, ' :

Fue construida con blocks de concreto de 0,20x0. 20
x0,40 m, y una cublerta de lamina galvanizada,

Se proveyo de una caja de registro, utilizada como te-
sumidero del rebalse del hidréxido de sodio 1{quido,
Las dos unidades del equipo fueron colocadas en plan--
chas de concreto a 1,40 m, del nivel del suelo,

La colocacion del venturi ya se ilustro anteriormente
en la grafica No, 11,

GASTOS DE INSTALACION Y MONTAJE:

La instalacidén y montaje del equipo, exigidé diver
sas actividades e inversiones las cuales se enumeran a
cpntinuacion°

6.5.,1 MATERIALES CONSTRUCCION CASETA:

o .

Q. 9.00

- Arena de rio ' M3 5
- Block cemento 0,20x0,.20

x0,40 U 100 v L5.00
~ Bolsas de cemento qq 6 " LL 30
-~ Bolsas de cal q 1 " b 50
- Varillas de hierro 3/8 3 6 " 2
~ Alambre amarre calibre 18 Lb, 5 "
~ Clavo de 3" Lb, 5 " b 00
- Clavo de lamina Lb, 1 " 0,80
- Lamina 6! (] 3 n 10,80
~ Bisagras 3" i 2 n 2,00
-« Puerta U 1l n 50,00
-\Fandado U 1l " 15,00

TOTAL: EET§T§E



6.5.2 MATERIALES Y ACCESORIOS INSTALACION EQUIPO:
Q. 6,50

- Llaves de paso de 1/2v U 2
- Valvula de compuerta de

2 U 1 n 104,00
~ Adaptadores Macho PVC '

de 21 u 2 5.kk
-~ Adaptadores Macho PVC ’

de 1 1/2n U L " 5,78
- Tees Reductoras PVC de

2n x 1/2m U 2 " 9.6
-~ Codos PVC de 1/2" x 90° U 2 no 1,1
-~ Tubo PVC de 2" 160 PSI  TURO 1 " 30,12
-~ Tubo PVC de 1/2" TUBO 1 " 7.00
« Solvente para PVC rigido =~~~ 1/8 n 8.45
- Alambre calibre 10 m.,. 140 n 91,00
- Cinta de aislar 1] 1l " 2.50
= Cinta teflon U 1l n 2.50
« Toma corriente U 1l " 2,95
- Aisladores de 1 1/2¢ U 14 n 10,50
- U 1l n. 14,50

Flip-un 15 Amp,
. TOTAL:  Q, 302.03

6.5.3 HERRAMIENTA Y EQUIPO:

~ Prensa de banco de 2" x 1/2n
Llaves Stilson No, 24

- Cubetas para concreto

Nivel

Plomada

Cuchara de albafiil

Piochas

Palas punta redonda
Escuadrilongo

HWWwWw N N -

r

NOTA: Este equipo fue proporcionado por la Region
Oriental de UNEPAR, sin coste,

6.5.4 EQUIPO ESPECIFICO Y REACTIVO:

- Comparimetro U 1 Q. 20,00
~ Yodurg de potasio gr. 4O " 10,00
- Almidén gr. - " 0.20
« Formol ml, - n 1,60
- Soda caustica Lb, 3 2" 6 L2
-~ Hipoclonrito de calcilo :

65% - Lb, - 2 " 18,00
- Agua destilada Lts, 14 no 26,21
- Cristalerf{a - ~ L 5,00

TOTAL: Q. 87.5L3
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6.5.5 MANO DE OBRA:

- Instalaciodn

5 operarios /5 dfas Q. 200.00
~ Seguimiento control muestras

1 persona /3 dfas " 30,00
- Operacion Equipe

1 persona /15 d{as v 169.95

o TOTAL: Q. 399.95
6.5,6 TRANSPORTE:

- Viajes. de 140 Kms. 7 Q. 203.00
- Viajes de 140 Kms. 2 v, 17,k0

TOTAL: Q 220,40

6,6 OPERACION Y SEGUIMIENTO:

]

La puesta en accidén del equipo de desinfeccicdn, se
realizo siguiendo las instrucciones proporcionadas por
el fabricante, Hubo .dudas e incertidumbres, las cuales
fueron subganadas durante la operacidn, la cual confir-
mé o indicé las ,modificaciones pertinentes.

La operacidn y seguimiento se realizd en diferen--
tes etapas y con mecanismos de-‘control adecuados al  al
parametre que se deseaba medir, los chales se trataran
de describir en las siguientes "1fneas.

6,6.1 ANALISIS BACTERIOLOGICOS:

Para determinar la bondad y/o en su caso ing
ficacla del equipo se practicaron analisis bacte-
riologicos antes y durante la investigacidn,

En la grafica No. 13 se muestra la tendencia de
los analisis practicados, los cuales se pfactica-
ron con el método de las Mombranas Filtrantes,

6.6,2 DETERMINACION DE DEMANDA DE CLORO:

Se utilizd un metodo de campo cén lo cual se
obtiene una determinacion ,aproximada.
El procedimiento consistidé en preparar una solu--
cign que contiuviera 1 gr/lit de cloro, Esta solu
cidn se preparo en laboratorio con hipoclorito de
calcio al 65% y se agregd al agua que se iba a so
meter al tratamks?to, para determinar por compara

cion 1la& cantidad\de cloro necesaria para el trata
miento,

23



GRAFICA No,

14

RESUMEN QENERAL (ASTOS DIRECTOS

RENGLON MONTO
MATERIJALES CASETA . 212.94
HATERIALES INSTALACION 302.03
BQUIPO Y REACTIVOS 87.43
HANO OBRA 399.95
TRANSFORTE 220.40
SUBTOTAL 1222.75
IMPREVISTOS 14 122.28

TOTAL

1345.03




6.7

6,6.3 OPERACION DEL EQUIPO:

Se inicid de acuerdo con las especificacio-
nes del fabricante y paralelamente se iniciaron
los controles de los diferentes parametros invo-
lucrados en la experiencia, los cuales se mues--
tran en los sigulentes graficos:

- Lectura de gravedad especifica del Na OH, gra-
fico No, 15, Las lecturas fueron hechas tres
veces al dfa.

~ Lectura de gravedad especifica del Na U, grafi
co No, 16, Las lecturas fueron hechas tres ve
ces al dfa,

- Control de cloro residual, grafico No. 17. Se
practicé una lectura por dfa én diferentes pun
tos de la red de distribucion,

- Control del Ph, grafico No. 17, Se practico
una lectura por dfa, juntamente con lectura del
cloro residual,

- Demanda de Na OH en gr, grafico No, 18, Indi-
ca el consumo del hidroxido por d{a,

- Demanda de Na C/ en Lb., grafico No. 18, Indi
ca el consumo de sal por dfa,

- Demanda de Energ{a Eléctrica, grafico No. 19.
Este dato globaliza el consumo total diario de
encrgfa eléctrica en kilowatios, El consumo
diario incluye la utilizacidn de la energia pa
ra el alumbrado de la vivienda y aparatps elec
tricos (radio-grabadora). -

RESULTADOS:

Es prematuro emitir opinidn sobre resaultados fina

les, los cuales se consideren concluyentes, sobre todo
porigl'poco tiempo que hubo di?ponible para la investi
gacion,
Los resultados obtenidos Sor otra parte seran vis
tos un tanto subjetivamente por ‘el autor de esté infor
me, dado que fue gl conductor de\la experiencia, Sin~
embargo se tratara en lo posible lograr el mayor grado
de objetividad, -\

Teniendo en cuanta lo positivo que sera el llegar
a conclusiones imparciales que beneficien al area ru--
ral de nuestros pafses,
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GRAFICA No. 17

CONTROL CLORO RESIDUAL Y Ph

bra | AMPERAJE | LEGTURA COMPARIMETRO
UIDAD | 61oRo RESIDUAL | Ph
1 7 < 0.4
2 6 0.3 7.8
? 0.3 8.2
4 6 0.4 7.6
> 6 " ok 8.2
° ° 0.k 7.8
7T 6 0.3 8,2
8 6 0.4 8.2
L2 S < 0.4 | 1.8
10 6 { 0.4 8.2
11 6 0.4 8.2
12 - ) ]
13 - _ .
Ll 6 0.4 \7,3
15 6 { 0.4 7}&




CRAFTCA

"CONSUMO REACTIVOS"

Ha,

12

DIA S0DA SAL
1 42,9 grs. 8 0z.
2 85.8 Grs. 8 0z.
3 42.9 gra. 8 0z.
4 42.9 gra. 8 0z.
5 75.0 grsd 6 Oz,
6 64.3 grs. 6 0z.
7 64.3 grs. 6 Oz,
8 42.9 gra. 8 0z,
9 42.9 grae. 8 0z,
10 -- - 8 0z,
" -- - 8 oz. ‘
12 - - - - -
13 - - - - -
14 - - - 12 0z,
15 -- - 8 0z. \




GRAFICA No. 19

CONSUMO ENERQGIA ELECTRICA

| s | e | oo
1 404 406 2 Kv.
2 406 408 2 Kv.
3 408 409 1 Kv.
4 409 | 411 2 Kv.
5 411 413 2 Kv.
6 413 415 2 Kv.
7 415 417 2 Kv.
8 417 419 2 Kv.
9 419 422 3 Kv.
10 422 424 2 Kv.
11 424 426 2 Kv.
12 | - - -

13 - - -
14 426 431 5 Kv.
15 431 434 3 Ev.




6 7 1 ASPECTOS CUALITATIVOS'

6.7.2

~ Partiendo de cero, la experiencia fue sumamen-
te vallova ya que fue posible poner en opera--
cidn un equipo desconocido, teniendo situacio-
nes adversas derivadas de {o inflexible de un
aparato gubernamental administrativo.

- Una tecnolog{a nueva en el pafs, fue puesta a
prueba, en las condicicnes reales del area ru-
ral. Nada se inventd y la experiencia fue rea
1izada y controlada con los recursos escasos
con que cuentan las instituciones gubernamenta
les,

- La experiencia fue rutinaria y rigurosamente
controlada con los elementos que fue posible
disponer,

- El equipo es funcional y, a juicio del que sus
cribe este informe, produce buenos resultados”
con una operacion sumamente sencilla en contra
posicidn cord otros gistemas deé desinfeccion re
comendados para el area rural,

ASPECTOS CUANTITATIVOS:

Solamente se analizaran algunos de los as-~
pectos mas significativos, ya que se insiste en
que es necesario desarrollar la experiencia con:

- Mayor tiempo de investigacion,

- Equipo adecuado para analisis,bacterioldgicos
y examenes f{sico-quimicos,

.
[

-~ Resurso humano altamente calificado, en contro
les de calideddel agua,

Entre los aspectos a seflalar caben principal
mente los siguientes.

El MOGGOD, produjo la cantidad de gases oxi
dantes, necesaria en este caso, para disminuir\y
terminar con los indicadores bacteriolégicos qu
se encontraron en el agua antes de la realiza---
cidn de la experiencia,

Debe hacerse notar que, como lo muestra el
grafico-No, 13, despues de la primera toma de ~
muestra, ya efectuandose el tratamiento el anali
sis bacterioldgico alin indicaba presencia de co=
liformes,

31



Queda la incdgnita de saber si ge debid a haber
sacado la muestra dos df{as después de haberse ,
iniciado el proceso de desinfeccion, se decidio
desinfectar el tanque de almacenamiento y luego
se tomd nuevamente la muestra, la cual indicé
ausencia de coliformes,

En este caso.,. 7 influirfa el hecho de
haberse desinfectado el tanque o ser{a que para
hacer el analisis se utilizo reactivos y mate--
riales nuevos ?

La grafica No, 13 indica el resultado de los di
ferentes analisig’bacteriologicos practicados,

La grafica No, 13, debe interpretarse con
la siguiente informacion:

27-10-87: Agua sin ninguna clase de tratamien-
to, antes de iniciarse la experiencia

12-11-87¢ Agua analizada después de dos dfas
de iniciado el tratamiento,

19-11-87: Agua analizada después de nueve dfas
de tratamiento y luego de haberse de
sinfectado el tanque de almacenamien
to,

25-11-87: Afua analizada despliés de quince
dias de tratamiento,

OBSSRVACIONES FINALES

E1 suscrito gquiere dejar constancia de su rec:nccim??n—
to a las autoridades de la CPS y de UISPAR qua eztnvio-
ron atentos a prestar el apoyo necezario para nl An3arra
1lo de la experiencia.

Reconocimiento especial a laz autoridades de 15 Jafatura
de Area de Salud de Chiquimnla y a la Dir=zccion del Cen-
tro Universitario del Nor-Oriente en cuyos laheratorios
y con su personal calificado se realizo el centrel de 1la
calidad del agua.

Finalmente al personal de la Regidn Oriental aue dedicd

lo me jor de su esfuerzo para apoyar ol desarrollo del prro-
yecto en sus diversas fases y sobre tedn enhla nrepuaracion
del presente informe y el documental audiovisual correspon
diente,

Nen-aler

Ing. Josd Gilbarto
Jafe Regidn Criental
UNEPAR
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Micsira do:___ FUBRLO IUEVC UZUMATLT (2 OB .

Fecha cn que fue captada la muestrat 27-10-%7., e
Hora en cue fue cantada la muestras 15:20 [lirs l.M. .
Sitio: Servicio Dondcilizrio . .
Fuente: | Servicio Lomicilisrio.

Persona oue capto la muestra:___ CSC R_CHMCIUN PILC3 ( UDIEP.D) L
Fecha en cue dio principio el examen: 27-10-87.

CARACTERES GENERALES:

Color: Tncoloro Aspecto: CLro

-

Sustancia en suspensidn:

et e e e s

Investigacidn del Grupo Coliforme
Incubacidn a 35°C

No, Membrana | Medio Volumen | Colonia Coliformes | Tiempo
Filtrantes |[Selectivo| Muestra | Coliforme | p/100 ml Inob,
2 ENDO 25 216 5, 400 2.4 Tir

Observaciones= loxr Pnheont r Lumrro Jda Coloni s del “Irn
2L L COnIsi1iC ITT L0,
ﬂ%

e
m&ma
" JEFATURA L hOnT .

DE AREA B

Conclusiones:
Fecha:

- )'43 e
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@ 'mesira de: FUEBLQ NUEVQ UZUMAIAIN ZACAPA. .

JASCH
!
DIVIEIC i 5ol ocnd LU0 sk L2010
LLCE T 0l bwd. let D AURERICRCGESC

SO L IR0 D5 i ioloas D FILEReCICH

i;o L] 8.5‘8.2&.. -—

Fecha en que Tue captada la muestra:19w11-=87. .

Hora en cue fue cantada la muestra:__13313%9 Hrs MM,

Sitio? Pueblo Nuevo .

Muente: coneccfon Domiciliaria {:EUSEBIO .LA,CINTOL

Pe;sona cue capto la muestra:_0OSCAR CHACLUN RAMOS. UNEPAR. )
Fecha en cue did principio el examen:__19-131=87,

CARACTERES GENERALFES:

Color:___ Incoloro B Aspecto: Claro

Sustancia en suspensién: .
Investigacién del Grupo Coliforme
. o
® Incubacidn a 35°C

No, Membrana| Medio Volumen | Colonia Coliformes | Tiempo
Filtrantes |Selectivo ] Muestra |Coliforme | p/100 mL = | Inob.
2 . %
! 0. 25 0 0 24 Hrs
Observacionesé ' POI‘,NQ Presentar Ningun Nincrpe-de-cclonias del. Grupo
Conclusiongs: °1ff°1‘em Toywﬁmme. EL CONSUHO HUHAIIO-

Fecha,- '
. | S




g JASCH

DIVTOIC, Yo 5ol i DT sk sl Tc
100CTE 3 o sl oF AU ICICHIUC
L COR PR 75 GRS RV SR SUNURNR R SIS VRN ) PO SOROR L SO
iio.._82/87.

FUNR S VA YOI E Y 03
Muicsin»a de:  PUEBLQ NUEVO (UZUMATLAN) ZACAPA,
- Fecha en que fue captada la muestra:___12=11-87, ——
Hora en cue fue cantada la muestras _10:0% Hrs,
Sitio: o Pueblo “uevo
,F‘uente: Serviecio Domiciliario (EUSEVLO JACINIQ),

Persona cue capto la muestra:__0SCAR. CHAGIUN RAMOS UNEPAR,
Fecha en cue did principio el examen:__ 12-11-87,

- Al et e e

CADACTERES GENERALES:

Color:__ Incoloro Aspecto: __Calro
Sustancia en suspensidén:____ __Pequefias Particulas.,

Investigacidn del Grupo Coliforme
Incubacidn a 35°C

’

No. Membrana| Medio Volumen | Colonia Coliformes Tiempo
Filtrantes |Selectivo ] Muestra | Coliforme | p/100 ml Inob,
2 ENDO 25 68 1,700 24 Hrs,

Observacierés: Por Presentar “Gmero de Colonlas del Grupo.Coliforme Total
Conc;usa_ fos: BEL. AGUA NO ES APTA PARA FL CONSUHO HUNMANO.

13—11-87; é 22 Z ? — .
(et €2 So°od FLolken | /sisicta Sectd JEFATURA I'E.-. TA ADELA VALDESR C.
SUPERYISCR CE SANEALWEHTR DE AREA

JEFATUQA AREA DE CALUD ), .o
| CHIQUIAULA, GUATE/ALA, C.A ooy

" Sorgrwr: T e O LuDTees et T
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EENSAYO SOBRE O DEGRADACITION DR
DETERGENTES ANTONICOS
POR EMPLEO DE I.A OZONOCILORACTON

or. OMAR J. SIMONI

Director dei Cstudio Consultor en Contaminacion Ambiental - ECCA - Maturin 2887,
Buenos Aires, Argentina
Asesor Técnico de la Federacion Argentina de Aguas (aseosas vy Bebidas sin Alcohol

Director Técnico de CIMES - Control Inteqral Metodoldgice de Sodas

[NTRODUCCION

Se verificd la propiedad del ozonoclorador marca GIDOX en la elimina
cidn de detergentes anidénicos, evaluados cuantitativamente como

sustancias reactivas al azul de ortotoluidina.

TECNICA DE LVALUACION

Se prepararon soluciones de detergentes tipo en concentraciones
crecientes, de acuerdo a las normas IRAM - Instituto Racionalizador

Argentino de Materiales -.

" Se procedid al llenado con agua ozonoclorada con una concentracién

de 10.2 mg/l de oxidante.
Se realizaron luego los ensayos quimicos para verificar los valores

residuaies en. las soluciones tipo al cabo de 24 y 48 horas. Tabla

1
4 .

CONCLUS1ONES
A

Se constatd N alta eficacia destructiva de la ozonocloracién sobre
las cadenas hi@rocarbonadas de un tensiocactivo anidnico lineal.
Los estudios f@kgros deberan encaminarse a evaluar tiempos de accidén

concentraciones mencres, dispositivos de aplicacidén continua, etc.
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TABLA I - Concentraciones de detergentes anidnicos

¢n_aguas crudas y tratadas con GIDOX

Conc. en detergentes (mg/l)
luestra N°©
1 2 3
nicial (cruda) | 600 T 300 30
A las 24 horas 8 4 1
A las 48 horas ] 3.2 1
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UNA NUEVA TECNICA
DE INTERESANTES
POSIBILIDADES

La provisibn de agua potable
y mas especificamente la entrega
al usuario de agua segura desde
el punto de vista microbidlogico
es Un problema que, lejos de es-
tar solucionado, preocupa tanto
a [os organismos de provisién de
agua camo a las autoridades de la

-salud pubilica.

Segun la Organizacion Mundial
de 13 Salud, 4 de cada 5 camas en
todos los hospitales del mundo
estan ocupadas por enfermos re-
lacionados directa o indirecta-
mente con la mala calidad del
agua de bebida y/o inadecuada
disposiciébn de excretas, tornan-
dose este problema mucho més
aflictivo en las areas rurales y en
la periferia de las grandes ciuda-
des del Tercer Mundo.

La causa, estudiada y recono-
cida, yace en la falta de equipos
y métodos de desinfeccion que
sean sencillos, dyrables, confia-
bles, de fécil operacién y bajo
mantenimiento, que sean econd-
micos y que se independicen del
problema de compra\en lugares
alejados {incluida en casos la im-
portacién), transporte y almace-
namiento de sustancias quimicas
utilizadas en Ja desinfeccion.

Tomado a nivel mundial, la
OMS, UNICEF, el CEPIS, el IRC

20 AGUA

Ozonocloracion
con produccion

y numerosas agencias de ayuda
internacional han volcado no po-
cos esfuerzos en conseguir un sis-
tema lo suficientemente confia-
ble y que hiciera frente a los in-
convenientes anotados,

En América, la OPS, a través
de un programa de Tecnologfa
Apropiada orientada desde su Ofi-
cina Central en Washington y con-
tando con el apoyo del Programa
de Naciones Unidas para el Desa-
rrollo (PNUD) ha investigado un
gran namero Je alternativas tec-
n6logicas aplicables a la desinfec-
cidbn tales como hipocloracion,
ozanizacién, yoduracidbn, radia-
cion UV, asf como la cloracidn

por gases, cforaminas, resinas ha-
logenadas, dibxido de cloro, etc.
Hoy y gracias a este apoyo @

_iniciativa, parece haberse encon.

trado un sistema con las mejoreg
posibilidades y que responda a las
mayores expectativas: la ozono.
cloracién con produccion de ga-
ses in-situ,

Sabido es que fa ozonizaci6n
es una técnica de excelentes pro-
piedades desinfectantes y que sl
uso del cloro aporta el residual
indispensable para hacer frente a
aventuales contaminaciones ocu-
rridas entre el momento del tra-
tamiento y e del uso del ggua,

GIDOX, un exponente da esta
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___desinfeccién

técnica, es un sistema que, en ba-
se a agua, aire, electricidad y sal
comun (sustancia disponible en
cualquier lugar por alejado que
esté), produce una mezcla de ga-
ses oxidanles cuyos principales

componentes son 0zono, peroxi-
do de hidrbgeno, cloro y didxido
de cloro.

M4s en detalle, GIDOX es una
celda de tipo electrolitico, dividi-
da en dos semiceldas, que des-
compone la sal y el agua por el
pasaje de electricidad de bajo vol-
taje comandada por un médulo
de control electrénico que acom-
pafia al equipo.

El proceso electrolitico produ-

Reproducido de
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© We
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ce en una semicelda dos subpro-
ductos que se descartan: hidroxi-
do de sodio e hidrégeno; mientras
que en la segunda semicelda se
genera la mezcla oxidante la cual,
conducida a través de una apro-
piada conexibn, es introducida
en e} circuito de! agua a tratar,

La instalacién es senciila: jun-
toconel equipo se proves un ven-
turi que absorbe los gases produ-
cidos en fa celds y los inyecta en
el torrente de agua. Este ventur]
debe colocarse en la cafieria prin-
cipal o en una derivacibn, La ope-
racion sélo requiere del agregado
de sal y agua a la celda cuando
sea necesario y la dilucion del hi-
dréxido de sodio que se va produ-
ciendo a medida. que transcurre
el proceso,

L.a tasa de generaci6n de gas es
comandada por la electrolisis, la
que a su vez es controlada varian-
do la corriente eléctrica que cir-’
cula mediante el manejo de un
dial en el moédulo de control,
(Este modulo permite también la
incarporacién de un buzzer para
avisar a distancia si 1a celda care-
ce de agua y, mediante conexitn
a un caudalimetro, la produccidn
de gas segun demanda de caudal.)

La desinfecciébn &ptima y por
lo tanto Ia dosis ideal se consigue
variando la produccidn de gases
de forma de obtener en el lugar
en que se desee el residual de clo-
ro pretendido, lo que se verifica
con el sencillo andlisis de la orto-
Tolidina.

Debido a que los gases oxidan-
tes producidos en una unidad
\GIDOX se componen aproxima-
damente de un 70% de especies
dg oxigenoy un 30% de especies
del\cloro, se puede esperar obte-
ner los mismos subproductos da
desinfeccibn que se obtienen
cuando estos desinfectantes se
utilizan por separade. Adem3s, el

_ozono y los radicales libres del

oxigeno reaccionarian con mayor

fecilidad ante sustancias orgénicas
que ¢l cloro, dando como resulita-
do un nlvel significativamente
menor de trihalometanos que el
que sa obtendr(a usando <élo el
cloro. De manera similar, el oxf-
geno puede reaccionar con mayor
fzcilidad que el cloro ante los fe-
noles y las algas debido a su afini-
ded por la materia orgdnica, re-
duclendo con ello los problemas
de ssbor y de olor, asf como la
formaci6n de compuestos organo-
clorados no deseados. Segun la
Organizacién Pangmericana de la
Salud(1) "Desde el punto de vis-
ts de salud piblica, GIDOX debe-
ri{a resultar, por lo menos, tan be-
neficioso y sequro como el cloro”,
Por afiadidura a la solucibn ds
problemas de contaminacién mi-
croblana, GIDOX también presen-
ta la posibilidad de destruir sus-
tuncias oxidables tanto orgénicas
como Inorgénlcas presentes en de-
seglies cloacales e industriales,
con un ventajoso comportamien-
to frente 8l cloro, tal como se des-
prende de experiencias verifica-
das en tratamientos paralelos
GIDOX-cloro gasy que se presen-
tan condensadas en los gréficos
edjuntos,
. El rango de aplicaci6bn varfa
desde el uso familiar al tratamien-
to de agua de plantas potabiliza.
doras de hasta 10.000 habitantes
por unidad, a lo que habri que
sumar afluentes y efiuentes indus-
trlales, cloacales y piscinas de na-
tacién. El equipo GIDOX es pro-
ducldo en Argentina por FENAR
S.A,
{1): Hojas de Divulgacidn Técnica -
OPS/CEPIS - N0 32 - 1988
NOTA: Flguras de este articulo en !a
pdging sigulente.

Trebajo preparado por:
Ing. Sanit. Felipe Solsona
FENAR S.A.

Poysand( 2361

Cuonos Aires
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Por su gran rendimiento y bajo costo, este equipo es ideal para la
desinfeccibtn de aguas de uso doméstico tales como las de viviendas

familiares, edificios de departamentos, countries,'hospitales,

escuelas, piscinas, etc.

Debido a que este sistema produce ozono y cloro simultaneamente,
se reducen los inconvenientes detectados cuando el cloro es el unico

desinfectante, ya que el ozono, con su mayor poder,.deStruye la

materia organica y los amoniacales presentes en el agua cruda, evi-

tando la formacidén de cloraminas que otorgan sabor desagradable
al agua y de trihalometanos, de probada accidn cancerigena; permi-

tiendo sin embargo la permanencia del cloro en el agua como preven-
cidén a futuras contaminaciones.

La produccidén de este equipo, estimada en 100 gramos de oxidante

por dia permite la desinfeccién de hasta 100 m3 diarios (100 000

litros/dia), lo que da posibilidad de desinfectar TODA el agua de

consumo, que incluye la de preparaci6én de alimentos, higiene perso-

nal, lavado de ropa, limpieza de ambientes, etc.

Este equipo se presenta en dos versiones:
CIDOX -2A consiste en un generador de gases con sSu correspon-

diente inyector y mdédulo de comando.

idem al anterior pero con una bomba de recircula-

GIDOX -2B
\cién incorporada.
FENAR S A. - Tecnologia en Aguas
(1416) BUENOS AIRES
TEL. 59-2154 ’ ARGENTINA

Adminislracldn y Ventas: PAYSANDU 2361
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COMO SELECCIONAR UN EQUIPRPO
G 1 B O X - 2

Para 1a seleccitn correcta de un equipo GIDOX -2 se deben conocer
tres datos fundamentales:

1. Dosis de gases desinfectantes a agregar
2. VVolumen de agua a tratar
3. Tiempo que debe operar el equipo

5i bien habria que efectuar un andlisis quimico para conocer con exactitud cual es
la caryga de contaminacion de un agua (carga orgdnica o demanda). se puede suponer
que para un agua clara proveniente de una perforacion o de un dep6sito limpio, la
DOSIS de desinfectante a agregar a un agua cruda es del orden de 1 mg de oxidante/
litro de agua (equivale a 1 gramo de desinfectante/m?* de agua).

Otro dato importante a conocer es el volumen de agua a tratar por dia. Esto es el
volumen de TODA el agua que se usara en el edificio, establecimiento, etc.
Con estos dos datos se puede abtener la cantidad de desinfectante necesario ya

que:
DOSIS x VOLUMEN DE AGUA DIARIO = GRAMUS DE DESINFEC. NECESARIO POR DIA

Conociendn la capacidad de produccién del GIDOX -2 en gramos de oxidante/dia que es
igual a 100 gramos/dia 6 100 9/24 horas, se puede calcular el tiempo mecesario que
el equipo deberd funcionar para producir tal cantidad:

GRAMOS DESINF. POR DIA x 0,24 h/g = HORAS DE FUNCIONAMIENTO DEL EQUIPO

Si el agua a tratar circula por el inyector un tiempo 1GUAL o MAYOR que el tiempo
establecido en el c8lculu anterior, se deberd usar el GIDOX -2A.

En caso de que el agua circule un tiempo MENOR qgue el establecido por el célculo, se
deberd usar el GIDOX -2B.

Este Gltimo equipo viene pravisto de una pequefa bomba independiente que permite el
funcionamiento de agquel aln cuando se haya detenido la bomba principal que impulsa el
agua a3l tanque o al sistema de distribucion.

El tiempo extra que deberd funcionar el equipo se regula facilmente por medio de

un temporizador incorporado en el m6dulo de comando. Al término de ese tiempo extra,
el mOdulo detiene autométicamente tanto el funcionamiento de la bomba auxiliar como

el del equipo.
EJEMPLO:

Supongamos que se deba tratar un tanque de agua de un edificio de departamentos de
10 m?, el cual tiene una bomba que lo llena en 2 horas. El tanque es llenado 2 veces
por dla

VOLUMEN DE AGUA DIARIO A TRATAR= 10 m?® x 2 = 20 m®

DOSIS =1g desmf‘ectante/m

GRAMUS DESINFEC. NtLESAR’iDS POR DIA = 20 m® x 1 g/m*® = 20 gramos

HORAS FUNCIONAMIENTO BOMBA PRINCIPAL = 2 horas x 2 veces/dia = 4 horas/dia

HORAS FUNCIONAMIENTO DEL EQU[PD 20 g x 0,24 hs/g = 4,8 horas
Dado que el valor necesario de\ tiempo de funcionamiento del! GIDOX-2 supera al tiempo

de funcionamiento de la bomba se debe usar entonces el GIDOX - 2B.

FENAR S. A - - Tecnologia en Aguas

(1416) BUENOS AIRES
ARGENTINA

Administracién y Ventas: PAYSANDU 2361 TEL. 58-2154
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/‘\ENP‘Q. CRITERIO PARA SELECCIONAR EQUIPOS
GCl1DOX PARA NATATORIOS

Para la seleccion de los equipos GIDOX a ser usados en natatorios se deben tener en cuenta
factores tales como: 1) volumen de la piscina, 2) tipe de agua, carga de bafiistas, expgsicién
a rayos del sol y polvo o tierra v 3) horas de recirculacién del equipo filtrante.

En el punto 2) se toman tres tipos de natatorios, cada uno con una cantidad de oxidante a
dosificar segin el siguiente criterio.

1 g/m* de oxidante: Natarios con agua en buen estado y buen sistema de filtracion.
Con poca carga de banistas. poca exposicion a polvo o tierra

. y con parte del dia bajo sombra.

Dosis = 2 g/m® de oxidante: Natatorios con caracteristicas intermedias

Dosis

Dosis = 9 g/m*® de oxidante: Natatorios con alta carga de bafistas, exposicién a polvo o
tierra v tode el dia bajo sol.
Volumen natatorio = 25 m?
HORAS DG RECIRCULALCION
4 8 12 24 X
8‘
1 G'S - - -~ —
G-2 G-2 G-2 5
<2 »]
, 4 2 G-10 G-5 G-2 G-2 Q
o a
5 G-30 G-10 | G-10 G-5 w
— 3
Volumen = 50 m? Volumen - 100 m
4 8 12 24 [A 8 12 24
1 G-10 G-5 G-2 G-2 1 G-30 G-10" | G-5 G-2
2 G-15 G-10 G-5 G-2 2 2xG-301 G-30 6-10 -5
5 2xG-30] G-30 G-15 G-10 5 4xG-30] 2xG-30| G-30 G-15
Volumen = 200 m* . Volumen = 500 m?
! 8 | 1z | 2\ 4 8 | 12 | 2
1 2xG-301 G-30 G-10 G-5 1 4xG-30 }2xG-30] G-30 G-15
2 txG-30| 2xG-30| G-30 | G-10 \ 2 4xG-30 | 2xG-30| G-30
) UxG-30} 2xG-30] G-30 5 3xG-30
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CIDOX EN LA INDUSTRIA

Uno de los graves problemas que enfrenta la Humanidad en la actuali-
dad es la contaminaci6tn del medio ambiente.

En particular, la contaminacién de las aguas es un hecho que preocupa
a las autoridades de los paiseé por su magnitud y el origen de sus
causas. Entre estas tltimas pueden citarse: |

= Falta de legislacién apropiada y dificultad en ia aplicacién
de la misma.

= Desconocimiento y/o desinterés en aportar medidas de solu-
cidén por parte de los industriales.

= Falta de equipos o sistemas econdémicos, de bajo costo de
operacién y mantenimiento y sencillez de funcionamiento com-

patibles con los costos industriales.

sin pretender ser la solucién total de cualquier problema de efluen-
tes, el sistema GIDOX aporta una notable sencillez de uso a la vez
que una excelente capacidad de tratamiento en todo desggue industrial
que requiera una oxidacién enérgica y que esté compuesto por cianu-
ros, fenoles, amoniacales, orgénicos en general, detergentes, herbi-
éidas, plaguicidas, inorganicos oxidables, materiales patégenos,

eto.

Por sus bondades y costos tanto de adquisicién como de operacién,
GIDOX es el mas adecuado para s&‘uso en toda industria con efluentes

liquidos de alto riesgo.

FENAR S. A. - Tecnologia en Aguas

(1416) BUENOS AIRES
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& GlDOX Vv EL AGUA POTABLE

W

segun la Qrganizacion Mundial de 1a Salud, en la actualidad 8 de cada 10 camas en
tndos los hospitales del mundo estan ocupadas por enfermos relacionados directa o
indirectament.e con el agua que consumen,

Nuestieo pais no es una excepcion, v en la mayoria de las dreas rurales, la principal
causa de morbi-mortalidad infantil es la diarrea v las infecciones gastrointestinales
de origen hidrico.

Existen leyes v normas que precisan la necesidad de 13 desinfeccin de las aguas que
se entregan a la poblacion, pero ellas no se cumplen debido principalmente a una serie
de faclores entre los que figuran:

Falta de conocimiento de los niveles de decision politica de la magnitud
totalidad v cumplejidad del problema.

i

= Falla en reconocer el riesgo sanitaria por pacte de la pablacian.

Falta de equipas de desinfeccion en plantas potabilizadoras que cumplan con:

Costo reducido de inversion

Costo reducido de operacion

Sencillez de operacion vy mantenimiento

Independencia de la compra, tiraslado v almacenamiento de peligrosas
sustancias quimicas

FENAR SA, una empresa argentina cuyos profesionales, consultores de organizaciones

de salud internacionales que conocen el problema vy lo han estudiado tanto en sus causas
como en sus soluciones, oresenta la linea GIDOX, equipos de ozono-cloracion con produc-
cion de gases in-situ, gue cumple con la totalidad de los requisitos de un equipo de
desinfeccion ideal v que son los anotados precedentemente.

Porque GIDGX es alyo mas que un equipo de desinfeccion.

Es un sistema que yarantiza la calidad del agua que se entrega a la poblacidn no solo
por 1as sustancias altamente desinfectantes que genera, sino por la suma de virtudes
que hocen a la operacion v manejo del equipo v en forma especial al heecho de no reque-
vir del auxilio de compuestos quimicos costosos v peligrosos de manejar, Tan solo electri
cidad, aqua y sal comin,

Es por ello que la Organizacion Panamericana de la Salud ha expresado pdblicamente

SU apoyo a este sistema, v es su esperanza que aquellos que tienen poder de decision
en l1a adquisicion y/o uso de estos equipos oigan el llamado y coadyuven para solucionar
uno de los grandes problemas de la Humanidad, que no por antiguo deja de ser menos

angustiante y grave.
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MODULOS DE COMANDO @ﬁ@@k

Los m6Gdulos de comando de los equipos GIDOX para ozonocloraclan
de aguas, tienen por objeto controlar la corriente que circula
por las celdas electroliticas, gobernando asfi la producci6n de

las mismas.

Los distintos tipos de modelos disponibles, permiten también

el acceso a ung serie de funciones auxiliares.

los equipous standard van alimentados con tensi6tn de red, corrien
te alterna, de 220 V 6 110 V segtn pedido, pudiendo suministrarse
moOdulos especiales que funcionen con otro tipo de alimentaci6n.

El MODULO C-1 es una fuente de alimentacion con
dos valores fijos de corriente (100 % vy S0 %), que

corresponden a la produccion maxima naminal del c ..,1
Pquipo v a su initad. i

Estos moOdulos son aptos para instalaciones donde _
no se requiera un ajuste exacto de la produccion,
pudiendo regularse la dosificacion ya sea controlando GIDOX
el tiempou de funcionamiento del equipo, o bien el

caudal de agua. También sirve para el caso en que ¢
estén operando en paralela mas de un equipo, donde
algunos son de valor fijo (usan el modula C-1) v
otros son de ajuste (usan m6dulo C-2 6 (C-3).

— g, 5y

El MODULO C—Z permite el control continuo
de la corriente, pudiendo de esa forma @ ~2

ajustarse la dosificacidon desde cero
hasta el valor mdximo nominal.

Debido al tipo de sistema de control,
éste e¢s muy apto para instalaciones en GIDOX

las que las variaciones de tensién de p, .

linea sean muy amplias.

El MODULO C-3, que también controla desde el cero al , .
100 %, es un acabado sistema de control electrénico,
lo que le confiere una gran solidez mecénica vy larga "

vida ¢til. Tiene un display a leds, lo que permite G 5

una rapida visualizaci6tn del estado del equipo.

Con el objeto de acelerar la entrada en régimen
inicial, cuenta con un subsistema de sobrealimentacién
electrica. Informa la falta de nivel de agua en la

celda tanto visyal (luz) como con alarma sonica - ‘GIDOX ~.F__,

buzzer- (opcioné-k). Asimismo posee un sistema realimen-

tado que estabiliza la corriente al valor deseado ! g] !
frente a variacioﬁes de par&metros externos. Admite A
variaciones de tension de linea de hasta el 20 %

y cuenta con la posibilidad de dosificar seqin deman-

da de caudal (opcional).

Ol
o]

R PR
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SELECCITON DE EOQUITPRPOS GG LDOX

SEGUN CAUDAIL. A TRATAR

PARA AGUA POTABLIE

HASTA CAUDAL MODEI.O
(cm2 /1)
4 G—-2
8 G-5
1 6 G— 10
23 G—-15
45 G—-30

FENAR S. A. - Tecnologia en Aguas
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INSTALACION HIDRAULICA DEL GIDAOX

INYECTOR
DISENO NYECTOR
FLUJO PRINCIPAL ‘
— BASICO
Fs la instalacion basica vy es ideal
para tuberias de bajo didmetrao vy 8
donde no circule demasiado caudal.
7}
) & @ GINOX
; ‘ VALVULA DE REGULACION -
MODULO DE CONTROL

FLUJO PRINCIPAL (

Fste esquema es ideal cuando no
se desee unad pérdida de carga muy
grande vy cuando la tuberia principal

sea de diametro pequeno Esta configuracion puede usarse
cuando la tuberia principal es de
didmetro grande. La derivaci6n se
debe armar alrededor de una valvula
existente vy en caso de que no la
hubiere, se deber8 intercalar una.

BOMBA AUXILIAR ...
N@&%

€] usa de una homba auxiliar permite
independizarse del sistema en donde
se inyecta, v tiene la ventaja de

posibilitar tanto la reinyecci()n\de

agua con los gases en 13 misma\tuberia
como en un tanque o canal. . ..

9 Esta configuracion es excelente cuando
se tiene facil acceso a una bomba

- impulsara instalada en el sistema.

FENAR S, A. - Tecnologia en Aguas
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MODIFICACION POR ACCION DEL GIDOX

APLICADO A UN EFLUENTE INDUSTRIAL CONTAMINADO

8 L 400 L 1.0 | 8000 |
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PLANTAS COMPACTAS POTABILIZADORAS
PCP-1 , PCP-5 -

e

La PCP es una linea de equipos madulares, con capacidades de producci6n de hasta

5 m* de agua potabilizada/hora.

El tratamiento del liquido se praduce segin la secuencla tradicional de ingreso- dosmca-
cibn de coagulante-floculacién-decantacion-filtracion-desinfeccitn,

Sin embargo, la modificaci6n de algunos par&metros y la adopcion de nuevos equipos
permiten en las PCP las mejores calidades fisico-quimicas y bacteriolégicas en el agua
efluente a la vez que un reducido espacio ocupado.

Si se parte d2 aguas superficiales con elevados tenores de turbiedad ;.| sistema de
remocién de 1a misma a partir del uso de coagulantes comunes v da un decantador

de flujo horizontal ascendente con sediplacas Incorporadas, se afectGa con altfsima
eficiencia obteniéndase un producto limpio vy cristalino.

Si el agua en cambio es dura o salina, el equipo permite la incorporaci6n, siempre
dentro del esquema general, de un ablandador o de un desmineralizador, los que actuan-
cdo bajo la técnica del intercambio i6nico eliminan la carga salina. €] ablandador o

el desmineralizador son optativos.

La filtraci6n, otra importante etapa del tratamiento, se realiza en un filtro de grava

y arenas siliceas, pero si el caso lp requiriera, se puede incorparar al mismo una capa
de carbon sctivado lo que eliminaria también cualquier problema de gusto u olor.

La etapa final del tratamiento, la desinfecci6n, se realiza con el suxilio de un equipo
GIDOX, celda productora de gzono vy cloro a partir de agua y sal comin de mesa. Tal
mazcla oxidante garantiza no solo un sabor agradable en el agua, sino vy muy especialmen
te la completa v segura ausencia de gérmenes patigenaos.

Pueden resumirse las caracteristicas de las PCP asegurando qua s8 trata de los més
compactos, seguros, simples de operar v mantener, econfmicos v de alta performance
sistemas productores de agua potable, ideales para el medio rural, o para grupo de
viviendas, pequefias pablaciones, escuelas, puestos sanitarios, hospitales, obradores,
clubes, countries, fabricas, y ain como plantas mfviles para casos de catéstrofe, inunda

cion, etc. \

\
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CARACTERISTICASDE LOS _ELEMENTOS

CONSTITUTINGS OE LAS PCP

DOSIFICADUR UE CUAGULANIE S teata demn depbaito de palistileno, con regulacifn
por vslvula Infecior v dosificacion a gotmpor inyecci6e en la mplveci6n da Is bomba,
lo que facilita la hoeaghinea y pesfocta dgersion del coagulente empleado.

FLOCULADOR. Do accivmamiento bidedulicoee pecmita velocidades docreclentng, lo
que favareca 1o foneacion de cofgulns Jifenafum anrapladas pare la dacantacion.
El floculadar estd inteyrado al sisteina Clesbador/decantodor.

DECANTADUR. Posee una chininra coupensads poara disteibucion lominge del flujo da
Ingreso. Cuenta con placos especioles inclledas en un angulo prefljndo parn obtener
por ung porte 1o mayor Lase de intercomiley por coosliguienta de sedimentoclton da

las pacticulas de turbiedsd, v por otra, vesefisicnto accion de sutolbmpiezs, lo que
focllite s utiliznciOn,

FILIRM. Do cunrzo dn don groaobuneteripn J@eranton: con colector ploutico da nlto
impacle; esferas Htrontes ronuradsy do Ewsa de pogaje, con menGmetto Incorpurardo
vy purga do aira.

ABLANDADUR/DESMINERALIZADUR. Acli L jeed peincipio del intercomblo onico, con
resinas nupeciolea sinlaLica: que pormnitanB efiminacion da Ia coaryo selina. Esta equipo
es oplativo, si el caso lo requiriera.

DESINFECCIUN. Lo desinfectltn estd previ®.por 1o accitn de un equipo GIDUX; sintimna
onico en su gGnero v acansejado por a ODseedzackan Mundial de 1o Salud. Mroduce
vzuno vy cluro & pactic de agua v sal comimde mesa, Le mezcle de gatses oxldantes
gencrada par el equipn asegur lo Lolal eleacion de bacterles patGyenas en el

agua eflyente de la planta.

BUMBA. De tipn centrifugi, horizontal en weblock. Segin requeciminnto se provee

en 12, 220 6 3080 Volts, S0 2.

CUADRO DIE VALVULAS Y SISTEMA DE_INTERE@NEXIUN. Tudas los caferfas, accosorlos y

valvulos son de PUC 6 de Polipropileno y sepresentan en cuadros de maniobra de
facil visualizacion vy accionamisatu. ’
CARACTEIMS LICAS CuNG TR 1 IVAS DEL FLUOBADUR/DECANITADOR, FILIRO Y ABLANDADOR/

U_—LEQIT\H_—!_UTLTZ/—\()—LW Lon clementog woneionads estin todos confaccionados en chope

de acero ol cartmng 101071020, con caliwzatmtorlesftricus con bridas ebulonadas .
y lrotados con resinas epoxi previn arenadey foslatlzado! 1o que asegura uvna muy
lacge: vida o las plantan a la vez qua ung dvado robustez y rasistencin a g9 eqgontos
internos v exbternos.

Todo #l conjunto e presenta montiado en oebvineo 1o que permite su fectl vbicscitn

definitiva 6 el traslodo sin neresidad de desime 0 perdida de tlempo.

CAUOAL DIMENSIONES @ PESY (Kg)
MODELE /i) Large _Anclo Al \ vocle (/corga En_trshinjo
pCP-3 1 .50 045 & 55 10 250
PCP-5 5 LU 0u0 1} 145 230 950
*con sbiandador wncluidu \
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PI.ANTA DEPURADORA
DE 1.TOUTDOS CLOACALES

“Enpt

DESCRIPCION

Planta depuradora que a través de un tratamiento integral del liquido
C{oacal, permite oblener un efluente cuyas caracteristicas de alta
limpieza, baja DBO y ausencia de gérmenes patdgenos, es facilmente

dlsponlble en cualquier curso o terreno.
La planta cuenta con secciones que aunque individuales estin integra-
das en un todo, haciendo a la misma facil de operar y mantener a tra-

Vés de una total automatizacién..
ELEMENTOS CONSTITUYENTES

La planta cuenta con los siguientes elementos de acuerdo al camino
que recorre el liquido a tratar:

- Cémara de entrada del liquido cloacal

- Concentrador de sbé6lidos por reja manual o automatica
- Cémara de bombeo

-~ Difusor presurizado

- Sedimentador primario

- Turboeyector

- Primera ca&mara de barros activados

- Canaleta de eliminacién de espumas y recirculacidn

- Sequnda camara de barros activados

- Dispersor de coagulante .
- Floculador

- Sedimentador secundario

- Filtro i

- Desinfeccién por ozono-cloracién

FENAR s. A. ~ Tecnologia en Aguas
(1416) BUENOS AIRES
TEL. 59-2154 ARGENTINA
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VENTAJIJAS

DEL SISTEMA FENAR

SUBRE LOS CONVENCIONALES

EN EL

TRATAMIENTO DE CLOACALES

SISTEMA CONVENCIONAL

SISTEMA FENAR

ESPACIO _REQUERIDO

lLas plantas de tratamiento de efluentes conven-
cionales fueran disefadas tratando de lagrar
capacidades v espejos de agua importantes

para abtener mejores oxigenaciones y tiempos
de permanencia hasta llegar a la degradacitn
biol6gica por medio de flora aer6bica. Esto
demanda obras civiles de envergadura con el
consiguienie gasto de espacio.

Las obras civiles requeridas por nuestro
sistema de depuracitn se reducen a una
plataforma de apoyo por los estanques
metalicos m&s dos c&maras de recepcitn
de liquidos. ;

Caomo ejempla: para una poblaci6n que con
un sistema convencional requiera 400 m?,
el sistema FENAR solo necesita 160 m?,

COSTas

Los costos de esta infraestructura son realmen-
te elevados debido a los estudios de suelo
previos a la construccion, evacuacion de aguas
surgentes donde las hubiere; basamento para las
mismas v costos de la obra estructural.

Los costos de infraestructura son reduci
dos pues no requieren basamento ni espa
cios impaortantes.

TIEMPO DE EJECUCION DE LA OBRA

Los tiempos de ejecucion de obra son aprecia-
bles atn para empresas de alta capacidad
técnica.

Los tiempos de ejecucion de obra se
reducen notablemente pues los estanques
metalicos estadn conformados por paneles
plegadaos prefabricados, los que son de
muy facil montaje en el lugar de la
obra.

CONSUMO DE_ENERGIA

Elementos electromecénicos de gran peso, cons-
trucciones rudimentarias con grandes insumos de

energia.

FENAR S. A -

Los elementos electromecénicos (aerea-
dores, concentradores, motobombas)

saon de reducido tamafio v fabricados con
tecnologia de precisi(én, siendo el consu-
mo de energia eléctri a requerido,

un tercio de los sistemiconvencionales

Tecnologia en Aguas
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&ENP‘Q EQUIPOS

BOMBAS
De eje vertical o sumergibles segin el caso. De baja presion, alto
caudal y rotores semiabiertos para evitar obstrucciones.

DIFUSOR PRESURIZADO
De accidén descendente que permite una rapida y efectiva mezcla del

liquido ingresante con los barros activados.

TURBOEYECTORES

De disefio especial, permiten el desmenuzamiento veloz de los sélidos
organicos para facilitar su degradacién, a la vez que incorpora gran-
des masas de oxigeno al liquido cloacal.

DISPERSOR
A motor con eje vertical y 3 vueltas por minuto. Con dosificacién del

floculante por medio de un conducto eje-central.

SEDIMENTADOR
De bajo volumen y alta capacidad debido a la disposicidén de sediplacas

oblicuas.

FILTRO
Abierto de grava y arena; con lavado realizado como en los filtros

rapidos convencionales.

OZONOCLORADOR
Celda GIDOX para dosificacidén de gases oxidantes compuestos por ozono

y cloro, lo que permite un ajuste fino del proceso oxidante, a la
vez que asegura la eliminacién completa de los gérmenes patdgenos.

MATERIAILERES
Hasta 30 m*®/h se presentan plantas confeccionadas en hierro, plegado,
lo que simplifica la instalacién y reduce los costos de inversion
inicial.
Para caudales mayores se confeccionan médulos en H9A? y mamposteria.

CONSUNMO ENERGETICO

Hasta 30 m3/h aproximadahente 1 HP/m? tratado. \

CcCAPACIDADES

Desde 5 m?}/dia en mas.

FENAR S. A. - Tecnologia en Agusas
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LIQUIDOS CLOACALES

Camara de entrada del efluente
Concentrador de soblidos

. Camara de bombeo

. Bombas

. Difusor presurizado

. Sedimentador primario

. Turboevyector

. Primera etapa de oxidacitn

. Retorna de solidos flotantes

. Conducto retorno de pescadores

Segunda etapa de oxidaciin
Turboeyector

Turboevyector

Tercera etapa de oxidaciotn
Conducto al floculador
Floculador

Cémara de floculado

Bomba para solidos sedimentados
Sedimentador secundariao

Filtro de grava y arena
Colector de lodos v contralavado
Bomba para lavado del filtro
Ozono-clorador

Laberinto mezcla desinfectante
Céamara de lodos

Camara de salida y tomamuestras -
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EVAILUACION PRACITICA DEL _PODER

BACTERICIDA DE LA OZ0NOCLORACION
SOBRE AGLIA GASIFICADA

Dr. OMAR J. SIMONI

- Director del ECCA - Estudio Consultor en Contaminacion Ambiental, Maturin 2887,
Buenos Aires, Argentina ’

- Asesar lécnico de la Federacion Argentina de Aguas Gaseosas vy Bebidas sin Alcochol.

- Director Técnico de CIMES - Control Integral Metodoldgico de Sodas, Argentina

SLMMARY

[his work is related to the evaluation of the disinfecting power of a GIDOX czono-
chlerination cell, in a series of gasified water buttles containing Feacal Coliform
and Pseudomona Aeruginosa bacteria cultures.

From the final cvaluation it can be concluded that the experience proved to be
effective for complete immediate removal of F.C. and complete P.A. elimination after
24 hours of treatment, when using water highly contaminated.

IN '/RODUCCION ,

El trabaja cansiste en la evaluacion bacterioldgica para obtener el poder bactericida
de la ovzonacloracion, cuando ésta se aplica in-situ sobre envases con agua gasificada
-sifornes- en lineas de trabajo, actuando sobre la producci6n directa, previamente
contaminada con cepas de Coliformes Fecales y de Pseudomonas Aeruginosgas; con
mediciones de oxidante.

Para el estudio se contd con un equipo GIDOX-10 producido por la firma FENAR S.A.
de Argentina v la colaboracion de la Soderia LA MARINA, Andrés Argibel 286G, Buenos

Aires, que brindd sus instalaciones.



TECNICA DE _EVALUACION

Se dispuso de 17 envases limpios vy se procedibn a su desarme manual, inoculdndaose

en cada uno de ellos 50 ml de un cultivo rico en Coliformes Fecales vy 50 ml deotro
cuitivo rico en Pséudomona Aeruginosa, preparados segun las técnicas bacterioldgicas
corrientes de aislamiento de cepas, con posterior encviquecimienta.

Los envases, perfectamente individualizados del 1 al 15 se colocaron en la linea de
trabajo usual, retirndose los ndmeros 16 v 17 para servir como testigos.

£l agua de llenado de los sifones, fue la utilizada en la operacifn diaria y que sufre
el tratamiento de pasaje a través de un filtro de arena vy otro de carb6n activado; con
el agregado en la ocasioin de la prueha de los gases oxidantes producidos por el
equipo GIDOX; lus gue fuercn inyectados en el efluente del Gltimo de los filtros,

antes de un pequefio tanque pulmon, con tiempd de permanencia de 5 minutos. Del
tanque por tuberia de 1%" v longitud e 7 metros el agua es conducida a las maquinas
carbonatadora v llenadora.

Los sifones fTueron llenados seqin la operacién normal de trabajo, efectuéndose un
dosaje de cloro libre en el conductu mencionado, verificdndose en mediciones constan-
tes el valor de 4 mg/l.

Una vez en el laboratorio del ECCA se llenaron los envases 16 v 17 con agua estéril

v junto con las muéstras de la prueba fueron analizadas bacteriologicamente por

el método de la membrana filt.rante, seq(in la técnica del Standard Methods for the

Examination of Water and Wastewater, 6th £d.

RESULTADOS

Los resultados mostrareon ausencia total de Coiiformes Fecales en todas las muestras
y solamente uno de 1os envases acust unad cuenta para Pseudomona Aeruginosa (ver
Tabla 1). \

Por ésta razon vy luego de 24 horas de reposo a temperatura ambignte, se procedif a
realizar un nuevo dosaje de claoro v se repitio el analisis bacteriol6gico de la muestra
N9 11, obteniéndose en este sequndo andlisis los siguientes resultad

{loro residual menor que 0.2 mg/l -

Pseud. Aeruginosa a




CONCLUSIONES

Les analisis evaluados permiten verificar -para los ensayos realizades- la eficiencia

bactericida del vzonoclorador GIDOX cuando utilizado en aguas de bebida gasificada.

Buenos Aires, Argentina, octubre de 1987.



TABLA 1. Resuitados de los anédlisis efectuados

MUESTRA N® COLIFECALES PSEU. AERUG. CLORO RESIDUAL
(b/100mi) (b/100ml) (mg/1)
1 0 0 0.5
2 0 0 0.5
3 0 0 0.5
4 0 0 0.5
5 0 0 0.5
6 0 0 0.5
7 0 0 0.5
8 0 0 0.5
9 0 0 0.7
10 0 0 1.2
N 0 34 0.6
12 0 ) 0.5
13 0 8 0.3
14 a 0 0.5
15 0 0 0.5
1 " Incontables Incont.ables ' -
17 Incontables {(ncontables -
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INTRODUCCION

El propdsito de este manual es ayudarle a operar la unidad MOGGOD (Gases
oxidantes mezclados generados insitus) y mantenerla en buen funcionamiento
por medio de actividades de mantenimiento regulares y reparaciones basicas.
El mantenimiento regular le permitira mantener un nivel de desinfectante
apropiado en su sistema hidrico, para poder alcanzar los mayores beneficios
de salubridad.

Este manual esta basado en la unidad OXI de dos libras (un kilogramo), que
en la actualidad es el modelo MOGGOD mas cominmente disponible y
ampliamente utilizado. Hay cuatro tamanos diferentes de las unidades
MOGGOD disponibles. Cada unidad puede desinfectar los sistemas hidricos
que benefician hasta 20.000 personas.
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ANTBECEDENTTES

FUNCIONAMIENTO DE IA UNIDAD

El sistema desinfectante de MOGGOD tiene tres componentes principales:

1. Regulador de potencia — controla la cantidad del flujo de electricidad
a través del generador de desinfectante.

2, El generador de desinfectante - produce los gases desinfectantes.
3. El tubo de Venturi - conecta al generador de desinfectante con la

fuente de agua y crea un vacio que absorbe los gases desinfectantes
hacia la fuente de agua.

Regulagbr de Generador de Tubo de Venturi
potencia desinfectante



a

El sistema de MOGCOD simplemente convierte una solucion saturada de
agua salada en una mezcla de gases desinfectantes poderosos mediante el uso
de la electricidad. El requlador de potencia controla la proporcion
(cantidad) de desinfectante producido, para medir con exactitud las
necesidades de desinfectante del sistema hidrico. El tubo de Venturi se
utiliza para inyectar la mezcla de gases desinfectantes en el sistema
hidrico.

Antes de intentar la instalacidn u operacidn, el usuario debe
familiarizarse con cada uno de los componentes, particularmente con el
generador de desinfectante.

GENERADOR DE DESINFECTANTE

El generador de desinfectante es una caja de plastico dividida en dos
celdillas, el anodo (rojo) y el catodo (negro).

Vista superior de un
generador de desinfectante abierto



El costado anddico produce los gases desinfectantes. Puede
reconocerse por una tapa grande y el cable rojo conectado a la misma.

a. Tanto la sal como el agua pasan por el agujero cubierto por la

tapa grande.

b. La ventanilla de observacién muestra los niveles de sal y de
agua.

c. las aberturas de rebose permiten la salida de cualguier exceso de

agua salada.

d. Anodos: barras de metal (titanio), las cuales atraen a los
oxidantes de desinfeccidén (los cuales se convierten en gases) de

la solucidn de sal.

Vista exterior - con Vista interior
la tapa grande removida

i~



1I. El costado catddico produce gas de hidrogeno y caustico (hidro:ido de
sxlio), que son los derivados del proceso. Puede reconocerse por la
tapa pequena y el cable negro conectado a la misma.

a. El aqua benetra por el agujero cublerto por la tapa pequena.

b. Conector blanco en forma de T para la abertura de hidrdégeno
y el exceso cdustico del catodo.

e la parte inferior del conector permite que salga la
solucion de agua/hidroxido de sodio

° la parte superior del conector permite que escapen los
gases de hidrdégeno.

c. Catodo: la lamina de metal (acero inoxidable con agujeros)
atrae al sodio y al hidrdgeno de la solucién de
sal.

la cubierta

Vista exterior - \\\ Vista superior sin

tapa pequena removida



LII. La membrana*

La membrana es una de las partes mas importantes del generador de
desinfectante. Ia misma separa a los compartimicntos del anodo y del
catodo.

El proceso funciona de la manera siguiente:

a. El sodio (de la sal) y el hidrdgeno (del agua) pasan por el
costado catédico (-).

: b. El gas de hidrdgeno se produce en la celdilla del citodo.
Considerando que el mismo es mas liviano que el aire, escapa
hacia arriba. Se instala un tubo de escape para expulsarlo hacia
afuera.

c. El cloro no puede pasar a través de la membrana y permanece en la
celdilla del anodo (+). Esta mezcla de cloro y oxigeno en forma
de gas es dirigida al sistema de abastecimiento de agua, para su

- desinfeccion.

W"’/ ,-f(",ﬂ’( DR
'5‘?)}_';:—"" e - B

o it s S A a‘ﬂ“#‘*"&&tbu ot et "

\

* I1a membrana es muy delicada y jamas déberla tocarse a menos que se
limpie con un chorro de agua. \

6



SPGURIDAD

Mantenga esta informacidn sobre la sequridad en mente cuando trabaje

con la unidad.

1.

2.

3.

Instale la unidad de MOGGOD en un lugar bien ventilado.

Evite respirar las emanaciones provenientes de la unidad.

No ponga sus manos en el liquido que se encuentra en cuaiquiera de los
compartimientos del generador de desinfectante. Si algun objeto se
cayese dentro de un compartimiento de la unidad, trate de rescatarlo
con una varilla o una manquera de pldstico.

ATENCION: Evite que el liguido de la unidad entre en contacto con sus
ojos o su piel.

Evite que el liquido de la unidad entre en contacto con su ropa - _
producird manchas o agujeros.

NUNCA permita a sus ninos jugar cerca de la unidad. Mantenga a los
ninos lejos de la unidad cvando limpie la misma.

Si usted sufre un accidente, siga los procedimientos que se

especifican mas abajo.

SI ‘ ENTONCES

Su piel entra en contacto Lave TNMEDIATAMENTE el area con

con el liquido del costado agua.

del catodo ;

Qualquier liquido de la lave los ojos inmediatamente con

unidad entra en' contacto micha agua.

con sus ojos . .
A\



MATERIAL

ILos siguientes articulos deben estar disponibles para poder llevar a
cabo el mantenimiento.

[ ] 1. Hidrometrd

7

[ j 2. Manguera (para lavar y limpiar) conectada a un suministro de
agua.

[ 1 3. Tubo de 3/8 de pulgada para trasegar con sifén (tres pies de
large, o un metro).

[ ] 4. Llaves de tuerca que son parte del equipo.



http://manten.tmie.nto

[]

(]
(]

S

Tasa de madir, botella, o balde.

Balde de plastico para el liquido del catodo.

Sal. (Utilice sal pura. Fsto reducira al minimo los problemas
de operacion y mantenimiento, y vale el aumento del costo. No
use sal de mar.) Ia comunidad debera tener disponible una
provisién de sal para un ano ~—aproximadamente 15 bolsas
libras cada una.

e 50



LISTA DE VIRIFICACION PARA OPERACIONES Y MANTENTMIFNTO

Utilice esta lista de verificacion para recordarle las tareas que
usted debe llevar a cabo en forma reqgular.

{ ] Examine el medidor de amperios todos los dias. Compare la posicion de
la aguja con la linea roja indicada en su regulador de potencia.
(Esto indica el nivel de amperios necesario para mantener el nivel de
desinfectante que se desea.) Ajustelo como sca necesario. (Vea los
procedinientos de prueba de ajustes en la pagina del Manual de
Instalacion y Puesta en Funcionamiento.)

Es posible que usted tenga que ajustar los amperios si se desarrollan
cambios en la calidad del agua sin elabdbrar (tales como una
inundacion) .

1¢}
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Examine la ventanilla de observacion y asegurese de que el nivel

de

sal alcanza la linca indicada. Agreoque sal cuando sea necesaric. .
groegu

Examine la ventanilla de observacion y asequrese de que el nivel

agua en el costado anddico se mantiene entre las marcas indicadar

Agregue agua cuando sea necesario.  Evite sobrellenar.

———

HADE IN USA

Il

de
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[ ] Agregue agua al costado catodico, utilizando la tasa de medir
g gu
pronorcionada.

Semanalmente:

—
—

Evaide la densidad del liquido del compartimiento del catodo con el
hidrometro. (Veéanse las instrucciones en la pagina 13.)

[ ] Complete las verificaciones residuales de los desinfectantes en e}l
sistema hidrico, una vez por semana. (Véanse las instrucciones
correspondientes al equipo para la evaluacidn del cloro.)

Mensualmente:

{ ] Complete la limpieza mensual. Veanse las instrucciones en la pagina
15.



i

Usted llevara a cabo la verificacion por medio del hidrdmetro una vez
por semana, para determinar que el liquido (hidréxido de sodio) en el
costado catddico posee la densidad apropiada (concentracion), para el
funcionamiento eficaz de la unidad.

El hidrémetro es igual al utilizado para verificar la bateria de un
autondvil.

Si usted no dispone de un hidrometro, siga los pasos indicados en la
pagina siguiente.

Verificacidén por medio del hidrdmetro

1. Remueva la tapa negra del costado catsdico.

2. Introduzca el hidrémetro hasta el fondo del compartimiento del catodo
y apriete la perilla y suéltela hasta que el liquido llene el
hidrémetro. Ia parte flotante dentro del hidrdmetro esta diferenciada
por una zona verde, una blanca y una roja.

—

3. El nivel del agua deberia permanecer a 1/4 de pulgada por encima o
sobre la seccidn roja del medidor flotante.

13



SI ENTONCES

El nivel del agua esta por Agregar un litro de agua de lluvia
debajo de la zona roja, el o agua destilada y examinar nueva-
liquido es demasiado fuerte mente. Repita este procedimiento,
o debe diluirse si es necesario, hasta que el ni-

vel del agua esté por encima del
tope de la zona roja..

El nivel del agua se encuen- Examinelo nuevanente en uno o dos

tra a 1/4 de pulgada por dias y agregue agua cuando sea

encima de la zona roja necesario.

El nivel del agua se mantiene Disminuya la cantidad de agua de
_ siempre por encima de la zona lluvia que agrega diariamente al

roja compartimiento del catodo.

Si no se dispone de un hidrdmetro

Si usted no dispone de un hidrdmetro, ajuste el requlador de potencia
para que indique cinco amperios, y agregue agua dentro del costado catddico
hasta que el indicador baje a cuatro amperios, y después pare. (Este
procedimiento debera tomar entre tres y cinco minutos.)




LIMPIEZA MENSUAL

Usted debe tener mucho cuidado cuando limpie el MOGGOD. Evite
respirar las emanaciones. Evite que su piel o ropa entren en contacto con
el liquido de los costados del catodo o del anodo. Repase los
procedimientos de seguridad que aparccen en la pagina 7, antes de llevar a
cabo la limpieza.

PRIMERO, interrumpa la electricidad:

1. Apague la unidad.

a. Haga girar al dial hasta que el indicador muestre debajo del
cero.

Desconecte la electricidad
(desenchufelo)

c. Desconecte los cables rojo y
negro de la unidad de potencia.

15




Luego, neutralice el gas:

2. Llene el hidrdmetro hasta
la mitad con el liquido
(hidroxido de sodio) del
costado catédico, in-
troduciéndolo en el costado
catddico a través de la
tapa negra pequena.

RS e

N

3. Agregue el liquido del
punto 2 al costado del
anodo, colocando el .|
hidrdmetro a través del
agujero de la tapa roja.

[ 4

16



Iuego, desconecte todos los tubos y 1os canos:

4. Desconecte la linea del gas (tubo flexible de 3/8 de pulgada).

17
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5. Desconecte el tubo de
ventilacion de hidro-
geno (CPV de 3/4 de
pulgada) de la parte
superior del conector
blanco en forma de T.

6. Desconecte los tubos ge
descarga del hidrdxido
de sodio de la parte
inferior del conector
blanco en forma de T.

i o ST T 4




Vacie ambos compartimiontos:

7. Abra las abrazaderas y remueva las tuercas de oreja y las arandelas.
Remueva la tapa del generador de desinfectante. Coloque las arandelas
y las tuercas de oreja en un lugar seguro.

19
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8.  Ahora es necesario remover todo el liquido del MOGGOD.
PRIMERO sague con sifdn el liquido del costado anddico (tapa roja).
Atencidn: es posible que se emitan gases durante el procedimiento de
trasegado con sifén. JAMAS intente sacar con sifén utilizando su

boca.

Como trasegar con sifén:

a. Llene el tubo de sifdn
con agua. No debera
haber burbujas.

. A%
R .‘}ﬁ"”: % % STy
b. Coloque sus pulgares
sobre cada extremo
del tubo, y aguante
el agua en su lugar.

21



C. Coloque un extremo del tubo dentro del fondo del costado anodico
de la unidad, y mantenga el otro extremo cerrado con su dedo.
Coloque un extremo a un nivel mas bajo que el MOGGOD para vaciar
los contenidos en un balde o botella de plastico.

d. Retire su dedo del extremo de desague para poder drenar el
liquido del compartimiento del anodo.



e. Una vez conpletado el desagie, eleve el extremo del tubo
correspondiente al anodo para escurrir el liquido restante.
Enjuaque el tubo con agua.

Era A

9. Iuego remueva con sifén el liquido del compartimiento del catodo y
- coldéquelo en un receptaculo de plastico separado. Siga las
. indicaciones que se especifican en el paso 8, supra. Guarde dos
litros de este liquido (hidrdxido de sodio) para utilizarlos mas tarde
en la puesta en funcionamiento de la unidad. (Puesta en
funcicnamiento, paso 3b.) \\

\
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10.

11.

13.

Cuando ambos compartimientos estan vacios, recoja la unidad y 1llévela
al lugar de limpieza. Enjuague AMBOS compartimientos con agua para
remover los sedimentos e impurezas que podrian haberse acumulado en
los compartimientos.

Iave la membrana con agua.

EVITE TOCAR IA MEMERANA! No intente limpiarle con un cepillo o
cualquier otro objeto. Solamente enjuaguela con agua. 1A

MEMBRANA ES MUY FRAGIL.

* Si la calidad de la sal que se utiliza es muy baja, o si se
utiliza un chorro de agua fuerte, la membrana eventualmente
acurmlara calcio y magnesio. Esta acumlacion aparecera en forma
de una capa pesada de color blahco/gris. Entonces, sera
necesario:

a. empaparla en vinagre introduciendo vinagre en el costado del
anodo del generador

b. enjuagarla entonces con agua.

No habra necesidad de remover la membrana del generador para su
limpieza.

El resto de los liguidos que usted ha vaciado de los compartimientos
del dnodo y del catodo pueden descargarse en la alcantarilla. Si no
existiese dicha alcantarilla, los mismos podrian descargarse en un hoyo
pequeno en la superficie. (El hidréxido de sodio proveniente del
costado catédico puede utilizarse como un limpiador de plomerias.
pagina 42 para otros usocs.)

Ver

Ponga en funcionamiento el MOGGOD siguiendo las instrucciones de la -~
pagina 25.

24
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PUESTA EN FUNCIONAMIENTO

No enchufe el cable a la unidad de potencia hasta que llegue al paso
10.

Prepare una solucidn de agua salada saturada en un balde o una
botella: empape las picdrillas de sal con agua de lluvia o agua
destilada hasta que no puedan disolverse mds. Coloque el agua a un
lado. No utilice el agua hasta llegar al paso 4.

Prepare el compartimiento del catodo:

a. Llene el costado del catodo con agua de lluvia (o agua
destilada).

25



b. Agreque todo el hidroxido de sodio (caustico) que usted guardo
durante el proceso de limpieza del costado catodico.

(introduzca fotografia)

4. Prepare el compartimiento del anodo:

a. Llene el compartimiento del anodo (tapa roja) con sal, hasta el
nivel indicado en la ventanilla de observaciédn.

b. 2Agregue aqua salada saturada lentamente hasta el nivel de las
tuercas superiores de la ventanilla de obsrevacion. Cuando el
agua comienza a gotear por las aberturas de rebose en el costado
del generador de desinfectante, significa que usted ha agregado
suficiente agua. ’

as

TR

47,




Arme nuevamente la unidad y conecte las tuberias

5. Asegurese de que las juntas que corren por debajo de la tapa no tienen
tierra o sal. Coloque la tapa en la unidad. Examine las abrasaderas
exteriores para asegurarse de que no haya acumilacion de sal, y
limpielas cuando sea necesario.

6. Conecte nuevamente la linea de gas (tubo flexible de 3/8 de pulgada).

27
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7. Conecte nuevamente el tubo de ventilacion del hidrégeno a la parte
superior del conector blanco en forma de T.

8. Conecte nuevamente el tubo de descarga a la parte inferior del
conector blanco en forma de T.

S. Conecte nuevamente los cables rojo y negro a la unidad de potencia.

10. Conecte el regulador de potencia a la fuente de potencia, enchufandolo
en una toma de electricidad.

(introduzca la fotografia del campo)

11. Coloque el dial del regulador de potencia en la marca indicadora roja.

Ry

5o

-
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REFARACION DEL GENFRADOR DE DESINFECTANTE

La unidad generadora de desinfectante MOGGOD es muy durable y sin
desperfectos, y rara vez necesitara reparaciones. No obstante, es posible
que haya instancias en las cuales el mantenimiento por si solo no es
suficiente para asegurar la operacidn correcta del sistema. Las secciones
siguientes le proporcionaran ayuda para llevar a cabo las reparaciones
basicas.

29
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‘REPARACION DE DFSPERFECTOS

Sintomas

Si el medidor de amperios en
el reqgulador de potencia no
indica ningun tipo de
corriente

Medidas

Primero, asequrese de que ho
ha habido un corte de luz

a.

si hay electricidad,
entonces examine el fusible
en la parte frontal de la
unidad de potencia, y
reemplacelo si es necesario.
(Ver las instrucciones que
aparecen en la pagina 34.)

si el medidor aun no
registra corriente,
asegurese de que la

unidad de bombeo esta
funcionando y examine el
fusible o los interruptores
de circuito en el suminis-
tro de potencia principal.

Si hay un fuerte olor a gas
de cloro en la habitacion o
recinto protector.

Dirijase a la grafica que
aparece en la pagina 32, para
procedimiento de reparacidn
de desperfectos.

Si no hay residucs de cloro en
el suministro de agua (después
de haber pasado por el tubo de
Venturi).

a.

asegurese de que no ha
habido un corte de luz
siguiendo los procedi-
mientos indicados mds
arriba. .

. en caso de no haber

sufrido un corte de luz,
dirijase a la grafica que
aparece en la pagina 32,
para procedimientos de
reparacion de desperfectos.

30



Sintomas

Si usted tienc un-flujo
continuo pero o un residuo de
cloro, cuando hace el examen
del cloro.

Si el ancdo despide un olor
dulce (en lugar de un olor
fuerte de cloro).

Si la membrana esta rota o
perforada.

Medidas

Cambie la mambrana

Camble la mombrana

Cambie la membrana

Las abrazaderas exteriores
de la tapa del generador de
desinfectante no permanecen
cerradas.

Examinelas por acumulaciodn de
sal y limpielas.
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i
GRAFICA PARA TA REPARACION DE DESPERFECTOS
Si hubiese olor a cloro alrededor del sistema MOGGOD, podria haber varias
explicaciones para ello. Utilice la grafica que se indica mas abajo para

tratar de determinar la causa.

Repare el flujo
de agua

1) Llame su
o empresa de agua
9'\
Tiene el sistema un
flujo de agua? Limpio
% 6/

Abra o ajuste Esta el tubo de
las valvulas Venturi tapado con

. tierra?
Estan abilertas las

valvulas de Venturi?

Examine el
sistema por
si tiene pérdidas

(vea el dibujo en la
pagina siguiente)

s : Enderécelo o

(o) destapelo
6\

Esta torcido o

tapado el tubo

Corrijalo de gas? .
% 7/

Esta conectado en
ambos extremos el
tubo de gas?

@\

Hay olor a cloro?

<>

QOMIENZO
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i
Si el Venturi no tiene aspiracion, examine las conexiones sigulentes:

1. No logrard aspiracion en el tubo de Venturi si:
a. no hay flujo de agua en las tuberias principales,

~b. las tuberias'de gas estan desconectadas en el Venturi o en gl
generador, .

c. la valvula B esta completamente abierta,

d. las valvulas C o D estan cerradas,

e. el tubo de Venturi esta tapado con tierra,

f. las tuberias de gas estan tapadas o torcidas,

g. la bama tiene una obstrucciodn de aire.
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(D0 CAMBIAR EL FUSIBLE EN EL REGUIADOR DE POTENCIA

Quando se do.bg reenplazar el fusible

a. Si el medidor de amperios en el regulador de potencia no indica
ninguna corriente, apague el regulador de potencia.

b. Examine el fusible en la parte frontal del regulador. Si el
fusible estuviese quemado, reemplacelo. Usted podra reconocer a
un fusible quemado observando unos puntos enncgrecidos y el
filamento roto.

Como reemplazar el fusible

1. De vuelta la perilla negra pequena 1/4.de pulgada (en la parte frontal
del regulador de potencia).

2. Remueva el fusible quemado y tirelo.

¥

3. Introduzca el fusible nuevo en la perilla negra. Ia posicidn de los
extremos es indiferente.

4. Ipuje la perilla negra completamente dentro del receptaculo y
enrcsquela, con el fusible adentro, nuevamente al regulador de
potencia.
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- 3. Remieva la membrana.

4. Coloque la membrana nuceva. La parte de la junta blanca debe
colocarque contra la pared separadora.

5. Ajuste las tuercas hasta que la punta de los permos aparezcan en la
superficie.

6. Llene la unidad con agua y sal, hidroxido de sodio, etc., siguiendo el
procedimiento de puesta en funcionamiento.

7. Coloque la tapa en su lugar. Ajuste las abrazaderas y las tuercas de
orcja.

8. Coloque los tubos flexibles de rebose en su lugar.
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REXMPIAZO DE IAS BARRAS ANODICAS Y CATODICAS

Quando_se debe reemplazar la barra anddica

Es muy raro que se tenga que reemplazar el a&nodo. Su tie@po de
duracion estd estimado entre siete y diez anos. Si es necesario
reemplazarlo, refiérase a los pasos siguientes:

1. Remueva la tapa de la unidad y siga los mismos pasos utilizados para

la limpieza mensual, pasos 1 a 12 (comenzando en la pagina 15).
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1 2. Afloje la(s) tuerca(s) que conecta el anodo a la pared de la unidad.
’ (Evite remover las tuercas completamente, solo debe aflojarlas.)

[ 2

L.

3. Deslice la barra

’V .

4. Deslice 13 nueva barra anddica hacia abajo y sobre el perno.

5. Ajuste las ‘tuercas.



Cuando se debe reemplazar la barra catddica

Si el catodo se halla muy picado en la proximidad de la superficie del

liquido.
. Reemplazo del catodo:
. 1. Remueva la tapa de la unidad y siga los mismos pasos que se utilizaron
para la linpieza mensual, pasos 1 a 12. (Comenzando con la pagina
15.) P
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2. Afloje la tuerca que conecta el catodo a la pared de la unidad.
(Evite sacar la tuerca completamente, solo debe aflojarla.)

1

3. Deslice la plancha catédica hacia

4. Deslice la nueva plsfha. catédica hacia abajo y sobre el perno.
5. Ajuste el permo.
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Posibles usos para el exceso de hidréxido de sodio

) El hidroxido de sodio puede descargarse en el suministro de agua.
No causara dano al agua y ajustara el pH.

° El hidrdxido de sodio puede guardarse y agregarse mas tarde al
suministro de agua.

) El hidréxido de sodio puede utilizarse para limpiar el sumidero o
el inodoro.

° El hidréxido de sodio puede almacenarse en un recipiente no
corrosivo y utilizarse para hacer jabdn.
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INFORMACION GENERAL

Debido a la accidn de corriente directa. la Celda Electrolitica ioniza solu-
ciones de cloruro de sodio, produciendo cloro gaseoso. Al ser dosificado éste
al agua para consumo humano, produce la desinfeccidn y potabilizacidn bacte-

rioldgica.

PRINCIPIO DEL METODO

La Celda Electrolitica se basa en el proceso de electrolisis, estd formada por
dos compartimientos;uno de ellos contiene una solucidn de cloruro de sodio en
agua y, el otro de hidrdxido de sodio tanbién en agua. Al pasar la corriente
eléctrica a través de los electrodos y soluciones, y de acuerdo con la inten-
sidad medida en amperes que proporcione una fuente de corriente el&ctrica regu-
lada, la celda producirid cloro mediante una reaccidon de electrolisis en el com-—
partimiento del cloruro de sodio. El gas cloro ser3d introducido a la tuberla
del agua mediante un inyector Venturi logrando con ésto ‘desinfectar el agua de
consumo humano de potlaciones rurales hasta de 2000 habitantes. El el compar-
timiento de hidrdxido de sodio se produciria hidrdgeno que se desprenderi a la

atmosfera.



a)

b)

c)

d)

f)

e -

ESTRUCTURA DE LA CELDA ELECTROLITICA

(Ver Fig. 1)

La ce]dé @ contiene una solucién saturada de cloruro de sodio y un
electrodo de grafito @

La membrana de Nafion @ es un polimero permeable a cationes (iones po
sitivos) y compuestos polares.

Es impermeable a aniones (iones negativos) y a compuestos no polares.

La celda contiene una solucibn de hidr6xido de sodio y un electro-
do de acero inoxidable. |

Los electrodos estan conectados a una fuente reguladora de corriente di

recta; el electrodo de grafito esta conectado al polo positivo @ de

Ta fuente y el de acero inoxidable esta conectado al polo negativo (:)
de la misma.

E1 cuerpo de la celda @ contiene un orificio de desahogo @ el cual
permite que la presi6n atmosférica ayude a la extraccidn del cloro ga-
seoso que serd extrafdo por un inyector Venturi.

La tapa de 1a celda tiene en cada uno de sus extremos dos orificios:

r

1. En la celda @

- Orificio alimentador para cloruro de sodio @
- Orificio para la salida de cloro gaseoso

\ -

d En la ce]da

- Orificio alimentador\para hidréxido de sodio @
- Orificio para la salida de hidrégeno gaseoso @



INSTRUCCIONES DE OPERACION

Disolver 900 gramos de cloruro de sodio en. 3 litros de agua destilada
y depositarlos en la celda (E) ]

Disblverr 300 gramos de hidréxido de sodio en 3 litros de agua destilada
y depositarlos en la celda .

Colocar la tapa de 1a celda, de manera tal que el electrodo de gra-
fito (:) quede sumerfido en el cloruro de sodio y el de acero inoxida-
ble (:) en el hidréxido de sodio.

Conectar el electrodo de grafito (:) al polo positivo (:) de la fuente
reguladora.

Conectar el electrodo de acero inoxidable (:) al polo negativo (:) de
la fuente reguladora.

Conectar la manguera de succién del cloro a la celda (:) y al eyector

Venturi.

Tapar los orificios de alimentacién (:) y Q:) de las celdas con sus res
pectivos tapones.

Dejar libre el orificio (:) de salida de hidrégeno.
Permitir el paso del agua a través del eyector Venturi.

\
Conectar la fuente reguladora.

]
La produccidn de cloro es proporcional a la intensidad de corriente

0 amperes que sean pasados a través de la celda; es decir a mayor
amperaje, mayor producci6n de cloro y viceversa.



- Iniciada l1a operacidn de la celda, esperar 10 minutos para determinar
cloro. :

- Comenzar con la toma mds cercana a la instalaci6n e ir avanzando a
tomas domiciliarias mas alejadas para determinar los amperes en la
cual la celda debe trabajar, procurando no exceder los 7 amperes
de alimentaci6n.
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MANTENIMIENTO DE LA CELDA ELECTROLITICA

Proporcionar mantenimiento cada 100 horas de tuncionamiento de la celda.
Esto depende de la calidad de la sal utilizada, ya que algunas marcas del

mercado presentan mds impurezas que otras.
Apagar y desconectar la fuente reguladora de voltaje.
Desmontar las conexiones eléctricas de ambos electrodos @ y @

Desconectar todas las mangueras o conexiones que estén sobre la tapa
de 1a celda.

Desmontar la tapa de la celda.

Desechar las soluciones de las celdas @ y ‘ por medio de los tapones

de desaglie @ .

Enjuagar con chorro de agua ambas celdas @ y y desaguar nuevamente.

Desmontar el portamembrana @ y a chorro de agua, lavese.

Secar las celdas @ y el portamembrana @

Volver a montar el portamembrana @ respetando la colocacign inicial, va
que fa membrana Nafion @ tiene funciones diferentes en cada uno de sus
ladok.

I

i
Sellar con silicén las uniones del portamembrana @a Su soporte para no

’__,-':pgrm;itir fugas por las uniones.

4

=== 11

Asegprar que el material rojo de empaque esté ubicado en su lugar, o en su
defefto sellarlo con silicén.

Si es necesario, reemplazar o reparar las conexiones y cables eléctricos

que ‘:onectan Tos electrodos.

'

1

1

H +



RECOMENDACIONES

- El cloro es un gas (mortal) mds pesado que el aire; por 1o que si se pre
senta una fuga debe desconectar inmediatamente la fuente requladora de

voltaje, permitir una ventilacién abundante y abandonar el drea.

- El cloruro de sodio se adiciona de acuerdo al control que se tenga de clo
ro residual en las tomas dimiciliarias, pero es conveniente cambiarlo

cada 8 dias.

- El hidrdxido de sodio es una solucibn que produce quemaduras graves en la
piel u 0jos por 1o que se debe lavar inmediatamente ébnnabundante agua la
zona afectada. En la piel aplicar una soluci6n al 50% de acido acetico y
en y en los 0jos una solucién de 30 grs de bicarbonato en un 1itro de agua

potable.

- Cada 10 dias se diluye el hidroxido de sodio con 50 ml. de agua ya que

éste aumenta su concentracion.

- En ciertas proporciones, el hidrégenb puede ser explosivo, por tal motivo
no debe ser retenido; ni fumar en el &rea de ubicacién de la celda.

\

' |
§"ﬂ3No‘tocar ninguna de las soluciones con los dedos cuando este funcionandé\

! Ja:celda, ya que existe riesgo de electrocutarse. \\\

-~ Al desechar las soluciones, tenga precaucién de no salpicarse ya que exis

te el riesgo de quemaduras.



o
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El orificio contenido en el cuerpo de 1a celda no debe estar obstruido.

Al estar la celda fuera de operacifn, se debe retirar uno de los cabies

de los electrodos de 1a fuente reguladora de voltaje.
Es recomendable usar sal no yodatada (de grano).

A1 lavar el portamembrana no utilice cepillos ni otros objetos ya que se

puede romper la membrana.
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ACCESORIOS Y REACTIVOS
Fuente reguladora de mﬂ.ﬂc’&ﬁcv""é“!c
Manguera de 1/4 de pulgada para la succi6n del gas cloro.

Solucion de cloruro de sodio, €@ proitrencdt €8 uOwd rLNLTINI2 poie.

Solucién de hidr6xido de sodio.

n“ .
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OPERACION VYV MANTENIMIENTO

DE EQUIPODIS OZ0NOCLORADORES

Cartilla simplificada para

operadores de planmnta



RLY

Cper-~0XI1-GIDOX-1

OPERACTON

Recor-dar . - -

EL. EQUIPO SOLO DEBE ESTAR FUNCIONANDO SI EL AGUA A TRATAR ESTA
CIRCULANDO

b ~———— 1 QL al
53— e S
)

v Ly

—— '

], |Bo)ad |
ENCENOIOD APARGHOD

Controles diar-ios:

1. QUE ILA CEL.DA TENGCGA AGCUA Y SAL

“‘D D "' Houn

! o R 5/?4.

\ s o
A\ | f?e':o

:

Si no tuviera. se deberan Agreqar!

-\




o OPer-O0XI-GIDOX-2

Y

2. LA DENSIDAD DE LA SOILLUCTON DE
SODA

Para ello use el densimetro. 3aque la tapa e introduzca el
densimetro hasta ¢l fondo en el compartimento de la solucidén de
soda. Apriete la pera de goma y deje que el liquido entre en el tubo

3
£l nivel del liquido dete
. estar dentro de la zona
*g,‘L—*~*~—-ﬂ' ‘ " verde en los equipos C1DOX
Lt 6 dentro de los valores
t 1050 - 1125 en 10os equipos
:: OXT.
Tt )
[
t;"_'/
1
W
/A/m,/’/

Cuando la solucién esté muy densa ocurrira que ¢l nivel estara

1125

EQUIPOS CGIDOX EQUTPOS OXI
\
Cuando esto ocurra, habrad que dilu}K la soiucidn de soda. Para ello:
\
AGREGUE AGUA HASTA QUE LA DENSlDAD ESTE
DENTRO DE LOS VALORES ACON?EJADOS

(Vol. de agua a agregar = 1/3 - 172 del
voiumen de
la cémara de
soda)
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MANTENIMILIENTO (OXT)

Frecuencia

De acuerdo al tipo de sal usada sera la frecuencia
de mantenimiento:

SAL PURIFICADA STERLING = CADA 5 MESES DE OPERACION CONTINUA

SAL COMERCIAL CCOMUN = cada 1 MES DE OPERACION CONTINUA

L.caa forma de recalizarla - . .

OFF ]
g - .

;CD—_~2~‘_{”<L::>_V __//'—~

1. CORTE LA CORRIENTE

<
/éd \

Z. DESCONECTE LOS CABLES EILECTRICOS AFL;}ANDO LAS TUERCAS EN LA
PARTE POSTERIOR DEL COMANDO Y RETIRELOS.



)
ﬂ

3. DESCONECTE EL TUBC DE LOS GASES EN LA TAPA DE LA CELDA.

®/f§>
7\

——

(e

e ——

4. INCLINE LA CELDA DE FORMA QUE LAS SOLUCIONES EN AMBOS COMPARTIMEN
TOS SALGAN POR LOS DESBORDES. COLOQUE UN RECIPIENTE EN LA DLESCAR
GA _DE LA SODA PUES ESTA SOLUCION VOLVERA A SER UTILIZADA. LA
OTRA SOLUCION SE DESCARTARA. ‘

5. QUITE LAS TUERCAS DE LA TAPA Y RETIRE LA MISMA.



Y

Mant-0XI-73

7. REMUEVA LOS ELECTRODOS QUITANDO LAS TUERCAS QUE LO SUJETAN, PARA
QUE LA MEMBRANA QUEDE ACCESIBLE. PUEDE QUITAR TAMBIEN EL DIVISOR
PARA LA SAL.

-
r

- e

3. ENJUAGUE LA MEMBRANA DE AMBOS LADOS DEJANDO CAER CHORROS DE
C

AGUA SOBRE LA MISMA. PERO NO TCQUE NI RASPE LA MEMBRANA. S1 1O
HACE, LA MEMBRANA SE MALOGRA Y TODO EfL EQUIPO QUEDARA INUTILIZADO




Mant-0XI-4

t

9. REINSTALE EL DIVISOR PARA LA SAL Y LOS ELEZECTRODOS. ATENCION:
EL ELECTRODO DOBLE DEBE 1R EN EL COMPARTIMENTO DE LA SAL.

S

O

10. COLOQUE LA TAPA Y ASEGURELA POR MEDIO DE LAS TUERCAS.

PRSP

P

[
e

11. ECHE LA SOLUCION DE SODA QUE HABTA CGUARDADO EN EL COMPARTI?’XENTO
CORRESPONDIENTE. APROVECHE PARA MEDIR LA DENSIDAD. SI ESTUVIERA
UY DENSA: DILUYALA.




Mant-0XI-5

SHL . AsuR

-

12. LLENE CON SAL EL COMPARTIMENTO DE SAL Y LUEGO LLENE ESE COMPARTI
MENTO CON AGUA.

s

T

3

Lozeo HeckRo

13. CONECTE EL TUBO DE LOS CASES Y LAS CONEXIONES ELECTRICAS (CABLE
ROJO AL TERMINAL ROJO Y CABLE NEGRO AL TERMINAL NECGRO).

(S (=" |

14. CONECTE LA CORRIENTE Y REINICIE LA OPERACION. ASEGURESE DE
QUE POR LA TUBERIA CIRCULA EL AGUA A TRATAR.

* Xk Kk Kk K
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MANTENIMIEBENTO (CITIDOX)D

Frecuenaia

De acuerdo al tipo de sal usada serda la frecuencia de mantenimiento:

SAL PURIFICADA STERLING = CADA 5 MESES DE OPERACION CONTINUA

SAL. COMERCIAL COMUN = CADA 1 MES DE OPERACION CONTINUA

I.a fforma de real izarla - e

OFfFf

1. APAGUE EL EQUIPO LLEVANDO A LA POSICICN COFF LA LLAVE EN EL MODULO
DE COMANDO.

fAf

o0

2. DESCONECTE LOS CALBES ELECTRICOS AFLOJANDO LAS TUERCAS EN LA PAR
TE POSTERIOR DEL COMANDO Y RETIRELOS.



. Mant-GIDOX-2

. 4. DESAGOTE LA SCLUCION DE SODA POR MEDIO DE LA VALVULA EN LA PARTE
POSTERIOR DE LA CELDA. COLCQUE UN RECIPIENTE EN LA DESCARGA, PUES
ESTA SOLUCION VCLVERA A SER UTILIZADA.

r

5. DESAGOTE LA SOLUCION SALINA POR MEDIO DE LA OTRA VALVULA. DESCAR-
TE ESTA SOLUCION.



Mant-GIDOX-3

6. ENJUAGUE EL INTERIOR DE LA TAPA Y EL INTERIOR DE LA CAJA. PUEDE
) QUITAR EL DIVISOR PARA LA SAL PARA FACILITAR LA OPERACION.

o=
A A
—

Y. ENJUAGUE LA MEMBRANA DE AMBOS LADOS DEJANDO CAER CHORROS DE
AGUA SOBRE LA MISMA. PERO NO TOQUE NI RASPE LA MEMBRANA. SI
LA MEMBRANA SE MALOGRA TODO FEL EQUIPO QUEDARA INUTII.IZADO.

G g &S
e
Q 0

8. REINSTALE EL DIVISOR PARA LA SAL Y COLOQUE LA TAPA.
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9. FECHE LA SOLUCION DE SODA QUE HABIA GUARDADO EN EL COMPARTIMENTO
CORRESPONDIENTE. APROVECHE PARA MEDIR LA DENSIDAD. SI ESTUVIERA
MUY DENSA: DILUYALA.

10. LLENE CON SAL EL COMPARTIMENTO DE SAL Y LUEGO LLENE ESE COMPARTI
MENTO CON AGUA.

———
7]

11. CONECTE EL TUBO DE LOS CASES Y LAS CONEXIONES ELECTRICAS.



"0
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12. REINICIE- LA OPERACION ENCENDIENDO EL EQUIPO POR MEDIO DE LA
LLAVE EN EL MODULO DE COMANDO (A LA POSICION ON).
ASEGURESE DE QUE POR LA TUBERIA CIRCULA EL AGUA A TRATAR.

* K kX% %k
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Directors B J Lloyd PhD
M Pardon BSc
D Wheeler BSc

Address PO Box 92
Guildford

water quality for
developing countries GU2 57Q
England

Qur Reference: Your Reference: Date:

VIGILANCIA DE CALIDAD DEL AGUA

Uno de los pilares fundamentales de la estrategia a fin de
alcanzar las metas propuestas para la Década del Agua (decenio 1981-1990)
es la vigilancia de calidad de agua de consumo humano que se distribuye a
las poblaciones.

En mayor o menor medida, los Paises en vias de desarrollo se
enfrentan a problemas que les impiden implementar en forma adecuada pro-
gramas de esta naturaleza. En algunos casos, es la falta de personal téc-
nico entrenado adecuadamente; en otros, los costos de equipos e insumos
hacen prohibitiva la implementacidn de estos programas de vigilancia.

Del Agua es una organizacidn sin fines de lucro basada en

‘ Inglaterra cuyos tres objetivos principales son: apoyar Programas de Vigi-
lancia de Calidad de Agua con cursos cortos de entrenamiento en temas re-
lacionados a vigilancia y té&cnicas analiticas de monitoreo; suministro de
equipos de monitoreo al precio de costo de manufactura; y respaldo de in-
sumos para los Programas, suministrindolos a precios de descuento obtenidos
en el Reino Unido. Las especificaciones del equipo asi como las caracte-
risticas de los cursos de entrenamiento y del apoyo que se ofrece se deta-
llan en las paginas siguientes.

Informacidn adicional se puede solicitar a la direccidn postal
- ~ (4
arriba senalada o a: '

Mauricio Pardén

c/o CEPIS

Casilla Postal 4337

Lima 100, Pera

Telex: 21052 PE CEPIS
\ Teléfono: 35-4135

DelAgua is a non-profitmaking organistation concerned with training consuitancy in water treatment, water quality surveillance and sanitation in
developing countries.

Registered Number 1860842 Registered Offices 128 High Street Guildford UK
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Directors B J Lloyd PhD

D e 'Ag u a M Pardon BSc
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- D Wheeler 8Sc
~N Address PO Box 92

water quality for Guildford
developing countries GU2 57Q
England

PORTABLE WATER TESTING KIT

‘ Components:

1:  Faecal coliform bacteriology
Memb_ré\ne filtration equipment and 44°C integral incubator
and 12 volt battery + separate charger

2: Combination chlorine residual and pH comparator.

3: Turbidimeter tubes: High range 20-2000 T.U.
Low range <10

4: Combination electronic temperature and conductivity meter
Low range 0 - 200 uS
Medium range 200 -~ 2,000 uS
High range 2,000 - 20,000 uS

De!Aguais a non-profitmaking organistation concerned with training consultancy in water treatment, water quality surveillance and sanitation in
developing countries.

Registered Number 1860842 Registered Offices 128 High Street Guildford UK
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Directors B J Lleyd PhD

@ BAW A M Pardon BSc.
* <. j a D Wheeler BSc

)
B ool

T o, A Address PO Box 92
water quality for Guildford
developing countries GU2 51Q

Englend
DELAGUA PUBLIC HEALTH TRAINING PROGRAIMIES
Specification of analytical equipwent for water testing schemes

Faecal coliform test - Performed by the nembrane filtration
technique wusing integral, purpose made
filtration spparatus.

Incubator section - Kits incory -ate incubators which permit
the incubation of up to 17 membranes
within rcusable aluminium petri dishes.

Chlorine residual - Perforned by a simple comparator method

‘ } using DPD rcagents - results in mg/l.
’ Turbidity - Performed by a tube/extinction method for
the range 5 - 5000 TU,

Filterability - For use in conjunction with turbidity for

’ process selection - based on a membrane
filtration technique.

Conductivity - Performed using a robust electronic meter
and probe. ‘ ’

Temperature - Performed using a robust electronic meter
and probe.

PH : - Perforued by a simple comparator method
using phenol red reagent.

. \The water testing kit is supplied with an integral rechargeable

hattery, and is capable of indepcndent field operation for a minimum
of five days before recharging is nccessary. Charging is performed
frqm mains electricity (110 or 220 volts AC) using a matched charger
unit which is supplied.

The check list of ecquiphent normally contained within the DELAGUA
water testing kit is shown overleaf.

DelAguais a non-profitmasking organi:tation concerned with training consultancy in water treatment, water quality surveillance and sanitationin
developing countries.

Registered Number 1860842 Registered Offices 128 High Street Guildford UK
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England

CHECK LIST OF EQUIPMENT

Item Quantity
1: Carrying case with incubator
23 Membrane Filters ' Consumables
33 Pads and_Dispenser Consumables
43 Forceps
S3 Aluminium Petri Dishes

63 Gas Lighter
73 Sample Jug and Cable
8 Filtration Tube

9: Tube Support

. as Upper '0O' ring
bi Lower 'O' ring
Ccs Membrane support
103 Methanol Dispenser
11 Suctionqump
123 Suction cup

13 Turbidity tube
14 Culture Medium

<
(in small autoclavable bottles)

153 Chlorine )
) comparator

163 PH )
A 17s DPD pastilles No. 1 Consumables
‘ \ 183 DPD pastilles No. 4 Consumables
19; pH pastilles Phenol Red Consumables
i 2032 Conductivity)
) meter
N 21 Temperature )
223 Conductivity electrode
233 Temperature Probe

243 Tissue/Clean Cloth Consumables

DelAgqua is a non-profitmaking organistation concerned with training consultancy in water treatment, water quality surveillance and sanitation in
developing countries.

Registered Number 1860842 Registered Offices 128 High Street Guildford UK
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CHECKLIST FOR THE OPERATION OF THE 'DELAGUA?

WATER TESTING KIT

IS WATER CHLORINATED YES TAKE SAMPLE WITH
VACUUM FLASK -
PERFORM CHLORINE
NO RESIDUAL, pH AND
LEpRBIDITY TESTS
TAKE SAMPLE WITH IS FREE CHLORINE
, STERILE SAMPLING ¢ NO RESIDUAL MORE THAN
Cup 0.1 mg/l AND TURBIDITY
LESS THAN 5 TU
YES
PERFORM FAECAL YES " IS CONFIRMATION
COLIFORM TEST OF BACTERIOLOGICAL
QUALITY REQUIRED
NO
PLACE MEMBRANE COMPLETE PHYSICO-
PLATES IN THE CHEMICAL ANALYSIS
INCUBATOR
IS SANITARY INSPECTION
TAKE IMMEDIATE NO SATISFACTORY AND ARE
ACTION PHYSICOCHEMICAL TEST
INFORM RELEVANT RESULTS NORMAL AND
AUTHORITIES ACCEPTABLE*
YES
THE FOLLOWING DAY 3
WATER ALITY Y IS FAECAL COLIFORM
ACCEgTUABLE k2. COUNT LESS THAN 1
PER 100 ml
NO,
WATER QUALITY |~ YES
FAILURE IS FAECAL COLIFORM
COUNT LESS THAN 10
WATER QUALITY PER 100 ml
UNACCEPTABLE NO
E
TAKiC;ngDIAT YES IS FAECAL COLIFORM
INFORM RELEVANT [ . = COUNT MORE THAN 10
AUTHOR ITIES PER 100 ml

* ACCEPTABILITY IS JUDGED BY NORMAL WHO CRITERIA

DelAguais a non-profitmaking organistation concerned with training consultancy in water treatment, water quality surveillance and sanitation in
developing countries,
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DEL AGUA PUBLIC HEALTH TRAINING PROGRAMMES

DelAgua is a non-profitmaking organisation. The following represent
only those charges necessary to cover costs.

Training programmes conducted in-country include provision of up to
two weeks tuition in public health science, sanitary inspection,
water treatment technology, water quality testing, monitoring and
surveillance. Any aspect c¢an be emphasised according to the
requirements of the commissioning agency.

CHARGES

Travel and subsistence of two instructors
(Latin America) cessces *

Equipment (per unit) eseasss 1000 USD

Air freighting and insurance for equipment
{per unit) eesenen 250 USD

Course fee for materials
(per student) vesceas 62.5 USD

* based on travel fares plus U.N. subsistence allowance rates

DelAgua s a non-profitmaking organistation concernéd with training consultancy in water treatment, water quality surveillance and sanitation in
developing countries.
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DEL AGUA PUBLIC HEALTH TRAINING PROGRAMMES

The following topics and exercises will be incorporated into the two
- - week training programmes

Introductions water-borne and water associated disease; The
faecal-oral route of infectiony Infective dosesy Faecal indicators
and pathogens in water; The International Water Decade - goals,
legislation and standards; GEMS,

Water treatments the multiple barrier principle; Treatment process

selection for rural and sub-provincial water treatment works;

Treatment process design, operation and maintenances prefiltration,

slow sand filtration and disinfection; Commissioning and monitoring
. (quality control); Laboratory exercise on disinfection.

Sanitary inspectionj Field visit for sanitarian duties and reporting
results; Infrastructural requirements for action on maintenance and

repairs.

Water quality'monitoring and surveillance; Definition of roles of
supply agency and health authorities; Water quality testing; World
Health Organisation Guidelines: Volumes I-III.

Water testings Bacteriologys Field preparation of mediaj
Sterilisation of mediay Packaging, checking, and maintenance of
testing equipment.

Water testings Physico-chemical parameterss Field exercises
involving sampling of raw, treated, and distributed water samples;
Reporting results,

Relevance of standardsy Interpretation of water quality results;
' Formulation of sampling programmess Water quality and health.

DelAguais a non-profitmaking organistation concerned with training consultancy in water treatment, water quality surveillance and sanitation in
devel ping countries.

Registered Number 1860842 . Registered Offices 128 High Street Guildford UK
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DELAGUA WATER SURVEILLANCE AND MONITORING SUPPORT SERVICES

It is recognised that the cost of consumables for water testing in
developing countries is often prohibitive. For this reason DelAgqua
is resolved to supply all necessary media, membrane filters, pads
and spares at cost to any nominated port in the country of use of
the water testing equipment. Consumables can be transported by
ocean freight or air freight. Prices will be negotiated on bulk
purchase in the UK and discounts passed on to the user. Typical
current costs for faecal coliform analysis in Latin America by such
transfers are less than 0.2 USD per sample.

Unfortunately, DelAgua is not in a position to arrange clearance

. from ports and customs, and does not have the resources to engage
agents. Thus clearance must be arranged by purchasers. However,
all goods will be insured against damage or loss in transit.

It is a condition of transaction that all equipment and support
services including training be paid for in advance. DelAgua has no
administrative support for invoicing in arrears.

Whilst every effort has been made to quote accurate costs DelAgua is
not in a position to guarantee these costs for an indefinite period,
but DelAgua does guarantee that all equipment and services will be
supplied at cost and that costs will continue to be kept at absolute
minimum.

DelAguais a non-profitmaking organistation concerned with training consultancy in water treatment, water quality surveillance and sanitation in
developing countries. ]
Registered Number 1860842 Registered Offices 128 High Street Guildford UK
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“ ‘ GRUPO "A"

RECOMENDACIONES DE INVESTIGACIQONES PARA EL FUTURO

El grupo reconoce que el ecquipo de generacién de gases oxidantes
MOGGOD, es una herramienta mAs para la desinfeccifn del agua y que se puede
clegir de acuerdo con las condicfones locales sin que esto necesarfamente
constituya la eliminaci8n de otras alternativas ya en utilizacidn.

Por tanto, se plantean las siguientes recomendaciones: .

gihe sudnin & ke ddd.

1. :} La investigacién en relacidn a espdcies de oxidantes, cantidades en que
se producen, eficacia de su acgidn, formacidn de organo clorados y

v otros subproductos, que sea ecalizada por las {instituciones cuya

Y infraestructura es permitida,/ debiendo comunicar a los paises y/o
Ifnstituciones interesadas los resultados de esas investigaciones.
P YRTRT-N

Interesar a ACU.... y EPA en trabajos de investigacidn en Aareas
relacionadas con el MOGGOD y tratar de involucrar a los gobiernos de
los diferentes pafses para financiamiento de las investigaciones.
La investigacidn de la  operacibn (adaptabilidad, instalacién,
operacidn, insumos, costos, secguimiento) serd ejecutada por los paises
participantes, debiendo establecerse un protocolo para la investigacidn
y que los resultados sean compartidos estableciéndose un banco de datos
al que los paises participantes tengan acceso.

4, El protocolo de investigacidn deberid contemplar, ecntre otros aspectos,
los siguientes:

4,1 Anidlisis de la situacidn salud antes, durante y después del proceso de
desinfeccidn con el MOGGOD, —>

4,2 actitud de las comunidades ante las nuevas experlencias,

4.3 acciones de motivacién y educacibn sanitaria continuada, las cuales

Ul deberan aplicarse en las comunidades a beneficiar.

5.- Desarrollo de tareas de investigacidén en materiales a efplear en

— electrodos, memhranas y su disposicidén, y de las partes constitutivas a
fin de aumentar su confiabilidad y eficiencia en la operacién, asf cowmo
el estudio de fuentes alternas de energfa.

Se utilizar3 la retroinformacién de los protocolos de investigacidn,

6. La OPS deberia interesar a los gobiernos, a través de los conductos
correspondientes, para que se lleven a cabo las acciones recomendadas.
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Fomentar la inveastigacién local para la produccién y/o readecuacién
del equipo y sus componentes a fin de mantener en operacidén las
unidades.

DESARROLLO Y EVALUACION DE PROYECTOS

El desarrollo de la investigacién en su etapa inicial deberid realizarse
en diferentes condiciones ambilentales v/o geogrificas e ir acompafiada
de una 1informacidn epidemiolégica consistente antes y después de 1la
accidn de desinfeccidn con el MOGGOD.

Esta informacidn epidemioldgica servird como base de sustentacidén para
la implementacidn de futuros proyectos en Jdreas de similares
.caracterfisticas las que sdlo necesitaridn anilisis microbioldgicos y
examenes fisicoquimicos.

Replantear y/o continuar el desarrollo de la experiencia con el MOCGOD
a fin de establecer o complementar la ianformacidén técnica en forma
acumulativa. En otro orden de ideas, ampliar la experlencia con la
utilizacidén de diferentes equipos. } Py hbw1r<

En todos los casos, establecer comparaciones técnicas y econombmicas
entre MOGGOD y desinfeccidn con técnicas tradicionales.

Las 1investigaciones deberian desarrollarse en un tiempo prddencial,
dependiendo de las facilidades y condiciones locales.

COLLABORACION HORIZONTAL E INTERNACIONAL
Toda la informacidn que se necesite deber3d ser canalizada a través de
las Representaciones de la OPS/OMS en los diferentes pafses.

Aprovechar el recurso calificado que exista en las regiones como efecto
multiplicador para la difusién de esta tecnologia.
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GRUPO "B"

RECOMENDACIONES Y FUTURAS INVESTIGACIONES

.

Objetivo del Seminario

Presentacidén del equipo y avances realizados en cada pafis
Intercambio de experiencias
Desarrollo tecnolégico

Comentario, En el presente seminario se pudieron apreciar los

problemas de instalacién de los equipos en cuanto a operacidn y parametros
bisicos de control (oxidabilidad, analisis bacterioldgico, demanda de cloro).

/ 2.
@

f/ 2.

1

J 2.1.2

@

/ 2.2.1

/2.2.2

2.

2.

3

Recomendaciones

Especificas

Instalado el equipo, consideramos <conveniente 1llevar a cabo las
determinaciones bisicas sobre:
Avitive Hsroguemre,
~ demanda de cloro
~ cloro residual
~ anAlisis bacterioldgicos: <coliformes totales y coliformes fecales

Previa a estas determinaclones, se requiere 1llevar a cabo un estudio
epidemiolfgico antes de la instalacidn de estos equipos de mezcla de
gases oxidantes, estudios tales como 1incidencia de enfermedades
gastrointestinales, desnutricidn, etc.

Evaluar comparativamente con el equipo de gases oxidantes los otros
equipos de desinfeccidn que vienen funcionando.

Generales

L.
ye .a través del CEPIS /%iﬂer]A:na red de 1informacidn sobre el

T S8 R0 del equipo de mezcla ‘de gases oxidantes en los paises

participantes en el seminarijo.
Continuar con la investigacidn del equipo y monitoreo.
Recomendar a la industria para 1la investigacién nacional sobre el

perfeccionamiento del equipo de acuerdo a las hecesidades y las
condiciones propias de cada lugar (unidades de badteria, sal comin),



-2 - 'b}*"
/WW{J

Vincular a las universidades con el desarrollo de Iinvestigacioanes
bisicas, tendientes a evaluar y desarrollar la aplicacidén de 1la
tecnologia.

Estimular la creacién de pequeflas industrias o de capitales locales
para la produccién de estos equipos.

Incluir en la evaluacidn un mavor nlimero de cquipos para utilizarlos en
diferentes comunidades.

Estudio cpidemioldgico para ver el impacto del sistema de desinfeccidn
en la comunidad, especialmente en la poblacién infantil.

Recomendar el incentivo de la promocidén y educacidn sanitaria, con la
finalidad de propiclar la aceptacién del equipo de mezcla de gases
oxidantes en las comunidades o lugares a instalarse.

Se propone tener losV¥esu1tados de la evaluacidén y desarrollo de 1la
investigacidn en el periodo de un afio.

Fuentes de financiamiento

Para la evaluacidn y adquisicidén de equipos de gases oxidantes es

necesario contar con la colaboracién de las siguientes entidades:

- OPS/OMS

- UNDP

- BID

- AID

- GTZ _

~ CY¥EPIS (asistencia técnica e intervencidn wmis activa)
- CIID . .

- CIQ (Holanda) én~t. hbtrsccnt e WW‘“‘“

~ Colaboracidn entre las entidades de salud, universidades
[ 4

En el caso especifico de cada pafs, ver la posibilidad de financiar la

preparacidén de tesis sobre la evaluacién del equipo de gases oxidantes por
parte de los estudiantes.



GRUPO "C"

RECOMENDACION DE FUTURQOS PROYECTOS INMEDIATOS

Uniformizacidn de formatos de captura de datos:

Control de operacién
Control de calidad: bacterioldgica y fisicoquimica

Elaboracién de manuales de operacién y mantenimiento pricticos v
accesibles (a nivel de las personas que manejaran el equipo).

Después de determinar 1la zona en donde se aplicard el equipo,
desarrollar un estudio de morbilidad de la poblacidn (por estatus de
edades) para observar el impacto social-sanitario de utilizar un nuevo
desinfectante.

Hacer un estudio para determinar el nivel de cloro residual necesario
en tanque y/o red de distribucién para obtener agua sanitariamente
segura.

Efeactuar un andlisis comparativo (técnico-econdmico) de la utilizacidn
del equipo generador de gases oxidantes versus otros procesos de
desinfeccidn. )

Desarrollar una tecnologfa prictica y a bajo costo para la purificacidn
de la sal comercial.

Verificar la produccidon de gases oxidantes a diferentes condiciones de
presién y temperatura.

RECOMENDACIONES A LARGO PLAZO

Investigacidn sobre la produccién de electrolisis a partir de otro tipo

de energia no convencional,
L4

Investigacidn sobre el uso de diferentes electrodos (y su eficiencia) y
membranas, con miras a reducir costos.

Estudio de la factibilidad de DFOdUCCiaﬁ- parcial o total del equipo
MOGGOD a nivel nacional.

Continuacidn de la invaestigacidn concerniente a la caracterizacibn de

los gases generados con la finalidad de evaluar sus efectos sobre 1la
salud. e T

s
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Los Alamos Technical Assoclates, Ing.

WP-87-010
UNIDAD DE PURIFICACION DE AGUA

1. DESCRIPCION DEL SISTEMA ELECTROLITICO

Los Alamos Technical Associates, Inc. (LATA) ha desarrollado un método
electrolitico simple de bajo voltaje para la esterilizacidén del agua potable,
que se puede emplear en localidades remotas, pafses en vias de desarrollo y
adreas de desastres naturales. El método sblo requiere de una solucidn de sal
o agua de mar para producir una mezcla sinergética de oxidantes directamente
en solucibén. Un volumen de la corriente del 2nodo mezclado con 500 a 1,000
volimenes de agua contaminada extermina rdpldamente los microorganismos y
pat6genos humanos resistentes, produciendo agua apta para el consumo humano y
quedando un residual de cloro para impedir el crecimiento interior de los
microorganismos durante el almacenaje y distribucidn. Los requerimientos
energéticos son 12 V CC, 14A para una unidad capaz de producir 8,000 galones
de agua tratada por hora.

La unidad prototipo de purificacidn electrolitica de agua es un mddulo
sencillo y resistente. Una unidad modular consta de una bomba, tuberfia,
transformador CC, una celda electrolitica de 3 x 5 x 0.5 pulgadas, controles y
un recipiente sellado para romper el vacfo. Este médulo cabe en un estuche de
fibra de vidrio intemperizado de 24 x 24 x 12 pulgadas. La unidad pesa
aproximadamente 23 kg, principalmente en razén del transformador y el estuche
de fibra de vidrio.

Para operar la unidad se requiere de una fuente de energfa externa,

.como por ejemplo una baterfa de autombvil (baterfa de almacenamiento de 12 V)

o panel solar (14-45 W), y una solucidn de alimentacidn de salmmera diluida,
0.75 M NaCl. Cuando la salmuera diluida entra en contacto con las superficies
cataliticas de metales Grupo VIII de la celda electrolitica, se produce en el
dnodo una mezcla de oxidantes que incluye cloro libre, hipoclorito, radicales
libres de cloro y oxfgeno y ozono. Esta corriente de efluente del A&nodo se
utiliza para tratar el agua contaminada. La corriente de efluente del catodo
se elimina,

Cuando la corriente del dnodo se mezcla con 500 a 1,000 vol{menes de
agua contaminada, los oxidantes de corta vida matan a los microorganismos,
destruyen los componentes orgdnicos como fenoles, precipitan metales pesados
como Oxidos y mejoran el color, olor y sabor del agua. El cloro proporciona
un residuo de larga duracidn para impedir que vuelvan a crecer las bacterias y
permite verificar el tratamiento de agua mediante pruebas patrén de
concentracidn de cloro. La Figura 1 presenta un diagrama del proceso.
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2. '  POSIBLES APLICACIONES

Esta unidad simple, pequefla y resistente de tratamiento de agua puede
utilizarse en muchas localidades ya que no necesita de una red de suministro
eléctrico desarrollada, personal de mantenimiento capacitado, suministros
quimicos peligrosos o importados, ni tampoco de wun apoyo industrial
adyacente. Entre sus posibles aplicaciones podemos mencionar:

~ Localidad permanente remota,

~ grupos de exploracidn mbvil,

~ operaciones de rescate en desastres naturales,
~ unidades militares,

-~ instalaciones de embarcaciones marftimas, y

~ como algicida en sistemas de agua refrigerante.

El tamaffo de 1la unidad puede adecuarse a la aplicacién deseada,
pudiendo colocarse varios m8dulos en serie para aumentar el volumen de agua
tratada, Las unidades pueden sacarse individualmente de la 1lfnea para su
mantenimiento, sin afectar la produccidn., El1 método es 100% efectivo contra
E. coli, Legionella pneumophilia, Pseudomonas aeruginosa, quistes de Giardia y
esporas de Bacillus subtilis,

3. PUNTO DE CONTACTO

Para mayor informacidn relacionada a este método exclusivo de
tratamiento de agua dirigirse a:

Los Alamos Technical Associates, Inc.
P.0. Box 410

1650 Trinity Drive

Los Alamos, New Mexico 87544

E.U.A,

Atencidn: H.F, Gram
Teléfono: (505) 662-9080



PRIMER SEMINARIO INTERNACIONAL SOBRE DESINFECCION
DEL, AGUA POR OXIDANTES MEZCLADOS
MINISTERIO DE SALUD
REPUBLICA DE PANAMA

Ing. Francisco Osorio

DESCRIPCION DEL PROGRAMA:

El Ministerio de Salud a través de la Direccifn Nacional de Ingenierfa Sa
nitaria y Conservacifn es el responsable de dotar de agua potable a la po
blacién rural de menos de 500 habitantés mediante sistemas de acueductos
0 pozos plblicos accionados con barbas manuales. - Las comnidades rurales
de mayor poblacién y el &rea urbana, son abastecidas por el Instituto de
Acueductos y Alcantarillados Nacianales (IDAAN).

El programa de acueductos rurales del Ministerio contempla que una vez
construido el acueducto la cammidad beneficiada sea la responsable de ad
ministrar, operar y mantener el sistema, limitandose el Ministerio de Sa-
lud a las responsabilidades de supervisifn y apoyo t&cnico requerido por
la camnidad. Este mecanismo de trabajo se ha desarrollado com bastante
éxito en la Repblica de Panami y debido a este se han podido construir
mds de 1000 sistemas de acueductos rurales en todo. el paijs, abasteciendo

" a mis de 340.000 habitantes del &rea rural con conexitn domiciliaria.

De los 1000 sistemas construjdos aproximadamente el 90% utilizan agua sub
terrénea camwo fuente de abastecimiento, mediante pozos profundos o manan-
tiales captados en su nacimiento. El 10% restante utiliza agua superfi--
cial que en la mayorfa de los cagos es tratada a través de filtracién len
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ta antes de ser distribuida.

Menos del 5% de los sistemas en operacifn son clorados actualmente y
los andlisis de agua se hacen en forma puntual sin obedecer a un ver

dadero programa de control de calidad del agua abastecida.

EXPERIENCIA CON EI, EQUIPO MOGGOD

La OPS/OMS ha donado a la Reptiblica de Panami (8) equipos MOGGOD -cam
pletos con su correspondiente sal TNAS. Este equipo fué distribuido
en la siguiente forma: ' i

(4) equipos para ser instalados por el IDAAN
(4) equipos para ser instalados pbr el Ministe

rio de Salud

El Ministerio de Salud instald el 18 de noviembre de 1987 el primer

generador de gases oxidantes con una capacidad de 1/2 libra de oxidan
tes por dfa en la camnidad de Lama Bonita, Provincia de Panamd. Es-
ta camunidad se dedica mds que nada a la ganaderfa y la agricultura y
por su cercania a la ciudad de Panami, parte de su poblacifén trabaja

en la misma.

1.- Caracteristicas Principales del sistema de acueducto:

Namero de conexiones = 65
330 habitantes

Poblacién servida .
Fuente de Abasto Pozo profundo con forro de 6"@
Caudal de bambeo 45 gal/min. (2.85 1/s)
Capacidad de almacenamiento = 4500 galones (17.0 m3)
Equipo instalado = bomba sumergible de 2 H.P.

li

N

Red de distribucién = 1 km de radio aproximadamente en 2"{¢ PVC

2.~ Instalacibn del \eggipo:
El equipo fué ins\- ado siquiendo las indicaciones que aparecen en

el manual swninisgrqdo, se utiliz6 una valvula de paso para crear una
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presidn diferencial y regula el vacio producido por el venturi.

Hasta la fecha no se ha podido instalar un medidor de gases que

permita conocer la cantidad de oxidantes producidos.

Ia instalacién eléctrica se hizo de manera que el generador de oxi
dantes sea controlado con la cajilla de la bawba y sus controles

de niveles.

No hubo problemas técnicos en la instalacifn de este equipo.

Calidad del agua cruda:

El agua cruda es de buena calidad, ya que los anilisis no presenta-
ron bacterias coliformes, con una demanda de cloro de 0.5 mg/l a una

temperatura de 25°C.

Funcionamiento del Equipo:

La operacién del equipo se inici6 a diferentes amperajes para obte-
ner el que se ajustase mis a la produccifn diaria de agua, obtenién-
dose un amperaje obtimo de 5 amp. para mantener un claro residual de
salida de 0.8 a 1.0 mg/1., Con esta produccifn de gases se obtuvo en
la red un cloro residual de 0.6 mg/l en las casas mis centricas a

0.3 en las viviendas m8s alejadas.

Ventajas observadas de la desinfeccién con el €guipo MOGGOD:

- Fé&cil instalacifn
- Féciléoperacién para el personal con poco adiestratramiento encar-
l:perar los acueductos rurales.

trol en la dosificacibn para obtener un cloro residual de

gado
- Mejor
seado,  camparado con el clorinador por goteo.
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El equipo de 1/2 libra diaria se ajusta a las demandas diarias de
agqua de las poblaciones y a la calidad del agua abastecida por
el Programa de Acueductos Rurales.

Desventajas:

Debido al poco tiempo que tiene el equipo MOGGOD de estar instala-
do y a la poca informacién disponible sobre el mismo se desconoce

lo siguiente:

- Principales problemas de mantenimiento y reparacién de los mis-
mos.

- Disponibilidad y costo de repuestos, sobre todo la membrana se-
mipcrmeable y los electrodos.

- [Ixperiencias obtenidas trabajando con corriente directa.

Asuntos importantes de instalacifn del MOGGOD:

Se ha querido resaltar el hecho de que debido a que la produccibn
del pozo disminuye en la estacifn seca y la banba es controlada au-
taniticamente por el control de niveles, se decidi6 que el equipo
MOGGOD fuese controlado igualmente en forma autamitica por este con
trol, para evitar que siguiese produciendo gases en el intervalo de
parada del equipo que dura aproximadamente 10 minutos. Sin embargc,
esto produce una entrada de corriente instant&nea al transfomador
que se desconoce el efecto que pueda tener en el mismo a largo pla-
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#%% DESINFECCION, UTILIZANDO EL MOGGO 3%
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Esta unidad de desinfeccién fue instalada primeramente'en un pozo
con un gasto de 25 L.p.s., siends muy elevado para la capacidad ’
de la unidad oxi 'que se instalé, ésto se manifesté en el residual
de cloro m&ximo que se alcanzé em la red, el cual fue de 0.1 ppm.;
atin con ésto, se lograron buenos resultados, tal y como se mues--
tran en el Cuadro No. 1 los andlisis bacteriolégicos del agua, an
tes y después de tratamiento a las 12 hrs. de'funcionamiento. Por
otra parte, en este lugar se tuve problemas de taponamiento de la

membrana y su funcionamiento era de unas 20 hrs., aproximadamente.

El Moggb se cambié a otro lugar, donde se tieneproblemas de conta
minacién, este pozo'tiene un gasto de 12 L.p.s. y 240 Coliformes’

Totales/100 MI., en este lugar se presentaron problemas para la ’/

desinfeccién, .a que la zona es alimentada por dos pozos, y, el ’
agua tratada llega a una pequefia zona, encontréndose en estos lu-
gares, residuales’de cloro libre de 0.2 p.p.m. y 0 de col'iformes’
Totales/100 Mi., los resultados st indican en el Cuadro No. 2. En
esta parte el equipo duré en funcionamiento nueve dfas, se quité’
para darle mantenimiento por presentar fuga.

Actualmente se encuentra instalade en una pequeiia c§munidad, con’
un gasto de 2,7 L.p.s., 632 Coliformes Totales/100 Ml;'y 1 Coli-~-
forme Fecal/100 Ml.; para 6ptimo funcionamiento del equipo, se '’
instalé una bomba de ayﬁda para vencer la presién y, como el Ven-

turi es muy frégil, éste fue sustituido por el inyector de un equi

po clorador, con lo cual se ha teaido buen funcionamiento.
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DESINFECCION DEL AGUA MEDIANTE EL_ MOGGO ;

La unidad oxi 2 Ib, de capacidad es probada en la sali-
da de un tanque de almacenamiento con un gasto de 17 ~--
lep.s., Esta agua tiene una concentracién baétgriana -
de &6 col iformes totales/ 100 Ml y O de col iformes ~~--

fecales/100 Ml.

Este tanque abastece a una poblacién de 12,000 habitan-

tes.

Se encontré que el agua con un residual de cloro libre’
de 0.2 PPM a la salida del tanque llega hasta el punto’
m&s alejado de la red de distribucién sin cloro resi---

dual, teniéndo una el iminacién bacteriana del 98 % ,

[ 4
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PROGRAMA DE VIGILANCIA ¥ MEJORAMIENTO DE CALIDAD DB
AGUA ,

FORESULARIO DE IESPECCIOLES RURALES

SISTEMAS DE GRAVEDAD SIN TRATAHMIEKTO
6uia Hoja |

Comunidad...............oooooiiiinaainn. Fecha / ............... /oon........

GUIA PARA EL LLENADO DEL FORMULARIO

. PLANIFICAR para hacer por 10 mengs;

-una visita por afo a cada comunidad

-y una visita adicional por afio, por cada una de les siguientes condiciones:
-cuenta con un sistema de bombeo
~cuenta con una planta de tratamiento
-tiene un poblacion servida de mas de SO0 hab.

NOTIFIQUE a la comunidad de su visita con anticipacion
NUNCA hacer més que un inspeccion por dia

HAGA su inspeccion y COMPLETE el formularoen presencia de un representante del pueblo
(autoridad de agua). E1(los) debe(n) firmar abajo.

LLENAR el formulsrio con letrs de imprenta

CONTESTE tod el formulario. -

-para contestar si, marqueasi: si{(x),no( )

-para contestar no, marque asi: si( ),no( x)

-cusndo heya varias posibilidades, marque la spropiada ( x )

-para nimereos, nunca marque ( - ) 6 ( x ), siempre coloque O 6 el valor correspondiente.

USE los espacios de “Observaciones” y “Esquema Sencille” para clarificar o poner otra
informacion de importancia

Al dia siguiente~ complete una copia del formulario para enviar a 1a BRD-Regidn Central a fin
de mes (& méquina)

- complete dos formularios de informe al pueblo (@ maquina) y ENVIELOS (una copis & la BRD*
y una copia al pueblo)

(*BRD = Base Regional de DITESA)

Determinacion de 1a Potencia de Cloro en Polvo

1.
\:eoo hasta el momento de! andlisis. Siempre hega el analisis antes de 1as 48 horas.

N

Tome una muestra de unas gramos en una bolsa plastica y guardeles en un lugar oscuro, frioy

ida 1g del polvo con la balanza de precision.
Djsﬁfilvalo en 1 litro de agua limpia (destileda si es posible).
Tome 5 m1 de la solucion en una pipetay écheloen 1 litro de agua, mezcle bien.
Chequée Ala concentracion de cloro total en el agua con el wmparador (= lx) mg/]

Potencia () = concentracidn (x) x 200




PROGRAMA DE VIGILANCIA Y MEJORAMIENTO DE CALIDAD DE AGUA
, Hoja 657-1

Comunidad................... Fecha ... loiie /o,

INSPECCION

Fecha de Inspeccion ... fo fo,

Inspeccion nechapor 1. .. ... ... ... ISP PO OOV RURUROTRTROON
L e,

Del PYMCA- . (base)

LUGAR COBIQO.....oooe e

Comunidad........ ...

Distrito.....

Provineis. ..o

Departamento......... ... ...

Nombre del Barrio del pueblo | con servicio de aqual poblacidn total | No. Usuarios/poblacién servi

OSSOSO si( ),no( ) | habS| oo e, habs

................................................ si{ ).no( ) |.........habs|{ ... eeeo......hBbS

o RS siC ),no( ) | habS| oo e habs

................................................. si( ),no( ) |........habs| ... ........habs

....... el ST )00 ) |oooohabs) o ... habs

TOTALES habsSl .o i habs

GENERALIDADES

Numero de horss de viaje desde la base dei PYMCA a la comunidad=................ horas

distancia=................. Km

por: carro (), tren( ), moto( ),caballo { ), 0tr0= oo,

Ministerio de Salud: Puesto ( ), Centro { ), Botiquin Comunal { ),0tro=..........cccooverimeicrnne.
qué distancia del centro del pueblo ............... KM, e horas de vigje
Médico ( ), Enfermera( ), Senitario( ), Promotor ( ),otro= ...

Hay una escuela en 1a comunidad? si( ), no( )
Hay luz en 18 comunided? si( ),no( )

FIRMAS

Firmas de los Inspectores del Equipo de Yigilancia: -

L e 2o
NOMBRE. .......cooiiiiiieinee e NOMBRE ...,
CARGD ...t CARGD ...t
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PROGRAMA DE VIGILANCIA Y HEJORAHIENTO DE CALIDAD DE AGUA
‘ Hoja 657-F
Comunidad...........oooiimi e, Fecha ............. o {oeenl.

FUENTE DE AGUA
Tipo de fusnte: manantial captado directo ( ), lago/laguna{ ), pozo( ),rio( ),riachuslo (),
quebrada (), canal 08 regadio (), 0l10 = oo
NOMIBEE B8 18 TUBNEE. ... e ettt en vt n s
Contaminacidn de 1a fuente de aqua: mineria ( ), letrinas ( ), basura( ), ganado( ),
lavanderia( ), animales( ), humanes (), 0108 = ..o
Cantidad de agua existenteen lafuente =......................... litros por segundo ( Yer Hoja 2)
es la cantidad usual (todo el diay todoel afio): si( ),no( ). (sino, EXPLIQUE en
Observaciones)
8 veces, nohay agua: si( ), no( )

-cudntos diss 8l afio........... CUBNDO........ooveeeeee ettt es et s e eees
~cuédntas horas al dia......... CUBNDO. ... er ettt
Se utiliza parairrigacion: si( ),no( )
La fuente St ubiCata BN BITENGS 0B ......c.o.oie oottt s
D W ONBS. ... oo ettt
CAPTACION

Manantial captado en directoy protegidosi ( ),no( )
Estéd sellado? si( ),no( ),otiene tapa removible: si( ),no( )

Esté sequro (hajo lave)? si( ), no( )
-conaletas: si( ), no( )
-con sello (losa) de proteccion atras: si( ),no( )
-con tapa sanitaria: si( ), no( )
-1a proteccion es efectiva: si( ), no( ); (sino, CXPLIQUL en Observeciones)
~con cercg o muro: si( ), no( ) que puede evitar el ingreso de snimales: si( ), no( )

-con canaleta de desvio para aguas superficiales: si( ),no( ) ;
-cudntos metros de la captecion ..............c........... metros ¢
-que puede prevenir el ingreso de las aquas: si( ),no( )
Cantidad de agua que ingresa 8] sistema= ... ... litros por segundo
PUNIO BB BIOI0 = ..ottt
Existe control de Nujo: sf{ ), no( ) ‘
-por vertedero triangular: si{ ),no ( )de........ 0 (4ngulo) :
-por vertedero rectangular: si( ), no ( )
=08 QUE MBLEITBIES. ..ot e
Existe un medio para svacuar el exceso de flujo: si( ), no( )
-por tuberia de rebose vertical ( )de.............. pulgadas de didmetro
-uhorizontal ( )de ... pulgadas de didmetro
-oalivisdero( )de.......... centimetros de largo

-se puede evecuar el 1008 de! ingreso: si{ ),no( )
Existe una tuberis removiole para limpieza: si{ ),no( )ovalvuladepurga: si( ),no( )
Alasgliga: -existe unacanastilla: si( ), no { )omalladeproteccion: si{ ), no( )
-existe una valvula de control de salida ( )
ODSO P VBCIONMES. ..ottt ettt
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PROGRAMA DE VIGILANCIA Y MEJORAMIENTO DE CALIDAD DE AGUA

Hoja 657-5
Comunidad..............coooniiimmeeieeee e, Fecha .......... Y AU {ooooon....
RESERVORIO
Caja de valvulas:

Estasellada: si( ), no( )otienetape:si( ), no( );segurobajollavesi( ),no( )
hay problemas con les valvules: si (), no( ) (ESPECIFICARLOS en Observaciones)
puede evacuarse, agua de 1a cajade vélvulss: si( ), no( ). {por unhuecoal fondo ( )opor
fONA0 08 GPraVA () O PO OB PURB= ... e ee e }
tiene rebose si (), no( ); tiene vélvula de limpiezasi( ), no( )

Boca de inspeccion:

Existe:si (), no( ); protegida por taps seniteria: si( )}, no( )

Estd sellada con concreto: si (), no (), 0 sequro bsjo lave: si( ),no( )

£l Tangue

Tiene ventilador(es): si (), no( ); con boca hacia sbajo: si ( ),no( )y protegido por malla:

si( ),no( )

Puede entrar el aqua de lluvia: sf( ), no( )odelasuperficie:sf( );no( )

Tiene fuges (el tanque): si( ), no( )

Dimensiones Interiores: Largo=.............. m, ancho=............... m, didmetro=............. m, altura de piso
arebose =........ m, Yolumen = ... m3

ODSBIVBCIONGS ...t ‘
ACCIONES REGUENTIBAS. ...ttt

LINEA DE ADUCCION (Longitud del Reservorio al Pueblo)

Longitud aproximada = ................ Km

Diametro= ... pulgadas

Material: PYC (), FoB0 ( ), Eternit (), 00 = oo
Hay fugas: si( ),no( ); cuéntss.. ............ (ANOTARLAS en el esquema sencillo)

Otros problemas: Si (), n0(  ); CUBIES.........o.ccoovvmreereeees e, (ANOTARLOS también)
Cuenta con caja(s) rompe presion: si( ), no( );cuédntes. ... (ANOTARLAS)

-cuenta con tapa sanitaria: si( ),no( )
-cuentacon rebose: sf( ) no( )
-por tubo ( ) oaliviadero ( ); adecusdo para evacuar todo el rebese: si ( ), na( )
-protegido (p.e. por malla) contra el ingreso de cuerpos extranos: si ( ), no( )
-se saca agua de la(s) caja(s):si( ), no( )
-paraconsumo humano ( ) o paraanimales ( ) oparairrigacion( )

Cuenta con yélvulade aire: si (), no( )Cuéntes............. (ANOTARLAS en el esquema)
Cuenta con valvula de purga: si (- ),no( ),cudntes ................... (ANOTARLAS en el esquema)
Observaciones (ANOTAR si los componentes no funcionan)....................ccccoocoveviniinnnnn,
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PROGRAMA DE VIGILANCIA Y MEJORAMIENTO DE CALIDAD DE AGU,\_
| Hoja 657
MUESTREAR: sismpre__-captacion (cada una)
-reservoris { cada uno)
-después de cada unidad de tratamiento
-antes y despusés de cloracion ( cuando hay)
-en lared
- Piletas Publicss, 5 6 208 unidades (el mayor)
- Conexiones Domiciliarias: entre Sy 10% de ellos ( tomsrlos en 13
cruces principales y fines de la red)
ademas, a su discrecidn -fuente usada
-otras fuentes
~-caja de reunion
~cajas rompe presiones
-més lugares en la red

VOLUMENES para analizar
Seleccionar los volamenes tomando en cuenta la parte del sistema y/o estade de contaminacion.

Tipo de muestra Volumen para analizar
Normalmente Posible
Canal de Regadio, Rios 10m] S0ml
Lagos remotos, riaschuelos remotos, quebradas SOml 100, 10ml
Pozos protegidos, manantiales protegides 100mi 50mi
Aguas parcialmente tratadas 106 SOm1 0.16106100m
Agues tratadas, reservorics, redes de distribucién 100m] SOm}

Resultados de Analisis:

FUENTE de la_iHoraiAspectoiOlor/iTurbiCloreiCloroitemppH :Cond= :Col. . :
MUESTRA. i i ... iSaboridez libre totalioC i uctly fecal |
SUUOPDPRNURN SOUPUO OUPURORIE =5 - LI V4 14 TS SO uS/cm /199ml.
Ne
- "
RS SOOI SURRUUTTRRE SUURUUR JURUURNE SUDE JSUUL SPPL UUR JORS. SO0 SR UL SUPUOPIURRE SELLLL LT IED |
3 3 L ® .« icesscssssasse I
e e
I |
. o . . LSO i
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PROGRAMA DE VIGILANCIA Y MEJORAMIENTO DE CALIDAD DE AGUA

INSPECCIONAR -las casas donde se hace analisis
-y la mitad de este nimero de ellas sin agua

Inspeccién Domiciliaria (con Agua) (user les mismss casss del andlisis de egua)

No |Disposicion de Basura Proximidad de Animales domesticos

plimento] entierrofquemafboter cercafbotar lejoskn huerto | ol ledo Japertd no tiened que
Bnimales . alacasa ldelacasa Pnlacasafelacasa animales| znimales

...........................................................

..........................................................................

Q. fs
PO b [
LIR I FOORSPUOONE OSSO

.......................................................................................................................

12},

Inspeccibén Casera (Sin Agua)

No [Disposicién de Basurs Proximidad de Animales domésticos  etrina
timento [entferrolquema bolar cercqbolar leJosien buerto § 2l lado Pp&rle no Uiener] Que Exisle[lipo e usallozade bon beve
imales slacsss |delacass fents cassfolacass snimales|snimales boncrelofiaps) limp

i

2 o]

3 ’

4

S

6

2% T, S § SO |
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Ko SSRUUOOONY RUUUUUIOUN! (OUOUUON SOV FSIOUUUINY SOOI

| IR § SOOI A

14.... S

“»




N

./

Hoja 657-9
Letrina
Existe{Tipo se uss|loza de [con [se ve
concreto tapj limpia
- leccion personal
Como se consfoue e] o " Recolec
Pileta Pozojmanentisiirico igh fusnlos ién vé volumen recipiente pare Odnde loquords ___ :
P Ublics  chueld cisternh vigjes diarfodlos hace vigje (litros) frecoleccin  [CapacidadiOud materiaf] con tapacon grifo
o fovirasoscoseicnccnsacacence H :
. .‘.(. .....................................................................................
e SO DU — FELNUUUUIUUOURY FUUTRURRORI UURORPURRSTRRIRNY DRSNS SUUTUt
R T AU, N . . \\\ .............................................................................
Rl Radiloaad bl II3 Bl odliion et Sl it aantnt Maasdadbat bl dddt At e ] Rl e R B e e a D S LRI PPRR L TYPTRY \ ............................................................................



