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ABSTRACT
 

Disinfection often is necessary to reduce microbiological organisms in treated waste­

water effluent to acceptable levels. Because of its many advantages over other 

methods, chlorination has become the nearly exclusive method for wastewater dis­

infection. Its principal advantage is economic: it is by far the lowest-cost method 

providing adequate disinfection of wastewater. Among other advantages of chlorina­

tion are its well-established technology, its ease of operation, and the known avail­

ability of needed materials. 

It is becoming apparent, however, that chlorination also may produce undesirable 

consequences. Chronic toxicity effects recently have been observed in fish exposed 

to low concentrations of residual chlorine compounds in receiving waters. Combined 

chlorine-reaction products also are slow-acting viricides, requiring extended periods 

of exposure to achieve significant reductions of undesirable microorganisms, including 

viruses. Finally, chlorine has become a public-health concern because of harmful 

effects that may result from the presence of chlorinated organics in was~ewater ef­
fluents. 

The tox icity problems identified with chlorination have prompted evaluation and 

consideration of such various alternative disinfection methods as chlorination­

dechlorination, chlorobromination, ozonation, and irradiation. Alternate disinfec­

tants become more attractive economically if dechlorination is necessary for removal 

of residual toxicity. For most applications, alternate means of disinfection can offer 

more efficient microbial inactivation and minimal toxicity problems. However, these 

alternatives tochlorination require more extensive pre-treatment, effluent monitoring, 

dosage control, and post-treatment, than that currently practiced. 

This report summarizes the advantages and disadvantages of many possible alterna­

tives to chlorination, as reported in recent literature. It is divided into five major 

sections: Available Disinfection Technology, Practical Disinfection Technology, Dis­

infection Regulation, Summary, and Recommendations. The literature references 

have been organized into nine categories: Chlorination, Ozonation, Other Halogens, 

Irradiation, Miscellaneous Disinfectants, Indicators, Toxicity, Virology, and General 

Disinfection. 

From the standpoint of practical technology and economics, both chlorination­

dechlorination (S02) and the use of bromine chloride seem to be the most competi ­

tive alternatives to conventional chlorination. Additional information is needed on 

on viricidal efficiency and residual toxicity effects for proper evaluation of these 

two techniques. Tertiary treatment using effluent filtration, followed by ozonation 

or ultra-violet light irradiation, should provide highly efficient disinfection of waste­

waters with minimal toxicity problems, although the cost will be high. 

The	 use of alternate disinfectants should be evaluated on a case-by-case basis. In 
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many cases, possible trade-offs include those which might compromise the natural 
ecology of limited stretches of receiving waters in the higher interest of human health 

and life. 
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INTRODUCTION
 

Water of high quality is necessary for drinking water supplies, ensuring survival of 
aquatic food chains, and recreational waters. An increasingly larger allowance of 
available water resources also is being used for assimilation of treated and untreated 
wastewaters. Municipal wastewaters carry a high concentration of pathogenic organ­
isms-bacterial vegetative cells and spores, viruses, and protozoan cysts. Government 
water-quality standards specify biological characteristics for beneficial uses which 
hopefully, guarantee minimal possibilities of contamination. 

Disinfection has become the key step for reducing the number of pathogenic organ­
isms to a level providing the highest degree of water quality. Although this practice 
is critical for water and wastewater treatment, much remains uncertain about the 
control and optimum operation of the disinfection process. The environmental con­
sequences of improper disinfection now may be evident in the recent apparent in­
creases in the outbreaks of waterborne diseases and observed fish kills as reported 
by Craun and McCabe [F-8, F-9]. 

Chlorination is one of the oldest and most widely used disinfection techniques, but 
even now remains a poorly controlled process. The chlorination of municipal waste­
water produces combined chlorine compounds from the chemical reactions between 
chlorine and ammonia and organic compounds present in the wastewater (Table 5). 

These combined chlorine compounds, found in relatively low concentrations, are 
poor disinfectants for many pathogenic organisms but are acutely toxic to higher 
forms of biological life in the aquatic food chain. Results of laboratory studies have 
indicated that current wastewater chlorination practice offers limited protection 
against viral contamination and in addition, the lack of analytical control on this 
process may result in accumulation of toxic compounds in receiving waters [H-18, 
H-33, H-34]. Addition of chlorine (breakpoint chlorination) to wastewater at levels 
which would eliminate interfering substances-such as ammonia-from leaving un­
reacted residual chlorine compounds, has been suggested as a means of providing 
adequate disinfection. But high dosages of chlorine in treated wastewater would 
greatly increase the possibility of toxicity to life in receiving streams. 

The problems which recently have been identified with chlorination have prompted 
evaluation of alternative methods of disinfection, such as chlorination-dechlorination, 
ozonation, irradiation, and the use of other halogen-derived disinfectants. It would 
not seem likely that chlorination will drop significantly in use as a disinfection prac­

tice even with its attendant problems. In fact, probably the most viable alternative 
to conventional chlorination is chlorination-dechlorination to accomplish adequate 
disinfection and removal of toxicity effects. Dechlorination technology utilizing 
either sulfur compounds or activated carbon is well established. The addition of the 
dechlorination step in the disinfection process makes alternatives such as ozonation 
and the use of bromine chloride more cost competitive, and these methods in some 
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instances can provide more efficient disinfection. Irradiation of highly treated waste­
water using ultra-violet light may prove beneficial as a supplement to any disinfection 

alternative. 

The objective of this research is to provide a brief state-of-the-art report on recent 
developments in the use of alternative means of wastewater disinfection. The avail­
able literature on the subject has been extensively reviewed and over fifty of the 
principal investigators currently working in this field have been contacted and invited 
to provide input to the study. The literature has been cateqorized into nine major 
areas which include: Chlorination, Ozonation, Other Halogens, Irradiation, Miscel­
laneous Disinfectants, Indicators, Toxicity, Virology and General Disinfection In­
formation. The bibliographic list of references has also been divided into nine sections, 
although many references are somewhat difficult to categorize. The results of this 
study should provide a summary of information available at this time on disinfection 
which will allow an evaluation of the trade-offs which must be made when utilizing 
alternate methods of disinfection. Conclusions are drawn as to which techniques 
provide available, practical technology for application to a working process level. 

AVAILABLE DISINFECTION TECHNOLOGY 

I. Introduction 

As a result of the current concern over the toxicity of chlorinated wastewater efflu­
ents (Table 1), disinfection technology and alternative means of wastewater disinfec­
tion are being reviewed and evaluated by many investigators in the United States and 
other countries (see Appendix). A task force report on wastewater disinfection has 
been developed by the U. S. Environmental Protection Agency [1-20]' The New York 
State Department of Environmental Conservation has published a technical report in 
which disinfection technology is extensively reviewed [H-28] . Recent investigations 
of disinfection methods and treated-effluent toxicity have been conducted at treat­
ment plants in Michigan and results of these studies are currently being evaluated. 
Several textbooks include specific information concerning existing disinfection tech­
nology [A-63, C-7, 1-16, 1-34, I-58]' Possible use of alternate disinfectants has been 
discussed and reviewed by several authors [A-42, 1-3,1-11,1-17,1-19,1-20,1-30,1-35, 
1-42, 1-43, 1-62]. 

Disinfection of wastewater may be accomplished by any physical or chemical means 
which can remove, or reduce to safe levels, the hazards of infectious disease trans­
mission in receiving waters. A number of disinfectants exist which could be utilized 
to destroy, or inactivate to some degree, microbiological organisms (Table 2). Dis­
infectants may attack the individual cell in several ways, including destruction of the 
cell wall or membrane, denaturing of cell protein or enzymes, and attacking nucleic 
acids. A reliable disinfectant must be capable of destroying the disease-producing 
characteristics of potentially pathogenic microorganisms such as vegetative bacterial 
cells, bacterial spores, viruses, protozoa, and protozoan cysts (Table 3). In addition, 
a practical wastewater disinfectant must be able to [1-20] : 

1. Accomplish acceptable disinfection within a reasonable time or contact period. 
2. Remain an effective disinfectant within an expected range of variations in the 
physical-chemical characteristics of wastewater flows, such as temperature, pH, 
organics, etc. 
3. Be available and attainable at reasonable costs. 
4. Be safe to handle and capable of being conveniently appl ied in a controlled 
manner to wastewater flows. 
5. Produce a detectable or easily measurable strength or concentration within 
the effluent under treatment, thus providing proper disinfection as noted by in­
dicator organism tests. 
6. Not produce compounds or reaction products within wastewater at levels which 
produce toxic effects in the receiving waters. 

II. Physical Disinfection 

Physical methods of disinfection can include heating (to the boiling point for 15 to 
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20 minutes), sedimentation-filtration, ultra-violet light irradiation, and the use of 
ionizing radiation. Heating could meet the majority of criteria established for disin­
fection as it destroys cell protoplasm. Heating possesses a decided advantage over 
other methods of disinfection in that removal efficiency is not subject to interferences 
from either the chemical or physical characteristics of the wastewater. A source of 
heatthat may be applicable to wastewater treatment involves the use of high frequency 
sound waves (Table 25) [0-6]. Whatever method might be employed for heating 

wastewater, its energy requirement and subsequent cost will be extremely high. The 
high temperature effluent from a heating process would have to be controlled prior 
to discharge to prevent the adverse effects of thermal pollution. 

The unit processes of sedimentation and filtration are effective for removal of spores 

and cysts but will not reduce to safe levels the numbers of bacteria and viruses found 

in municipal wastewaters. Sedimentation and filtration are used as necessary pre­
treatment prior to other methods of disinfection. 

Ultraviolet light irradiation with high frequency wavelengths of 200 to 300 nanom­

eters, in the far UV range, is an effective means of disinfection requiring only a short 

contact period. The most effective germicidal wavelengths appear to be in the vicinity 

of 250 to 260 nanometers. Absorbed ultraviolet light can excite organic molecules, 
disrupting unsaturated bonds which can produce progressive chain breakages [0-14, 

0-16] . The site of ultraviolet light action on microorganisms is thought to be in the 

nucleic acids [0-15]. Quartz mercury-vapor arc lamps are available for ultraviolet 
light production with low pressure mercury lamps producing 85 percent of emitted 

energy at 253.7 nanometers [1-20]. The disinfection performance of ultraviolet light 
is greatly affected by lamp temperature and voltage and the type of organic solids 
contained in the wastewater. Extensive pretreatment of the wastewater and contin­
uous monitoring of lamp emissions would be necessary for reliable disinfection per­
formance using an ultraviolet light process. 

Ionizing radiation is capable of initiating oxidation of organic molecules and inter­
fering with the metabolic processes of microorganisms, thus accomplishing a high de­
gree of disinfection (Table 25). Ionizing radiation may be in the form of beta radiation, 

involving a stream of negatively charged particles, or gamma radiation, involving an 
electromagnetic energy field. Gamma rays are more suitable for wastewater disinfec­

tion because of their greater penetrating power and the fact that no residual radio­
activity is left in the treated flow. Gamma radiation may be highly effective against 
many organisms which resist disinfection by chlorination, such as viruses [0-10] . The 

level of gamma radiation killing power may be seriously affected by the dissolved gas 

concentration [0-36]. Sources of gamma radiation include isotopes (cobalt-60 and 

cesium-137), electron accelerators, closed reactor loops, nuclear fuel elements, and 

mixed fission products. Currently, the use of nuclear fuel elements and electron 

accelerators appear to be the only cost-competitive sources of gamma rays. Nuclear 
fuel elements are now extremely scarce and the outlook for their future availability 

is not promising. An electron accelerator facility requires a large quantity of electric 

is not promising. An electron accelerator facility requires a large quantity of electric 
power to generate a sufficient quantity of gamma rays. Ionizing radiation is at a sig­
nificant economical-technical disadvantage in comparison to other means of waste­
water disinfection due to the expense and limited availability of its sources and the 
necessary strict control over the process operation. The most feasible use of gamma 

radiation would seem to be in combination with another type of disinfectant [0-37]. 
Gamma rays may be used for ozone generation or dechlorination and, in combination 

with these disinfectants, significantly reduce the dosage required to meet disinfection 
standards [0-17]' However, the use of gamma radiation is not thought to be practical 
due to the absence of a demonstrated synergistic effect in combination with chlor­
ination and the presence of organic scavengers of free radicals in wastewater which 

limits the disinfection efficiency of the ionizing radiation [E-26, 0-37] . 

III. Chemical Disinfection 

Chemical disinfection methods are the most often used for treating water and waste­

water. Oxidizing chemicals such as the halogens (chlorine, bromine, and iodine), 

ozone, and potassium permanganate can be used as disinfectants. Metal salts have 

been utilized to some extent, with silver and copper ions demonstrating disinfecting 

powers. Acids and alkalies may be used to produce pH changes which can destroy 
certain pathogenic organisms. Lime has been previously employed in water and 

wastewater treatment over many years as a coagulant aid and also as a means of 

controlling biological growth. Surface-active chemicals may be used to disinfect, as 
certain cationic detergents are strongly germicidal [EA]. 

IV. Chlorination 

Chlorine is essentially the exclusive disinfectant utilized for wastewater treatment 
due to the ability of the chlorination process to meet disinfection standards more 
economically than any alternative. Thus, a competitive market exists for supplying 
chlorine, chlorination equipment, and monitoring units for application and control 
of this treatment process. Chlorine may be purchased as liquified chlorine gas or as 
sodium hypochlorite (NaOCI). Chlorine gas is less expensive and demonstrates more 
stable disinfecting power when stored for lengthy periods as compared to NaOCI; 

but liquified chlorine gas is extremely dangerous to handle. Chlorine gas is usually 
produced by electrolysis of brine with a by-product of sodium hydroxide. Sodium 

hypochlorite can be produced by recombining the gas with sodium hydroxide.Sodium 
hypochlorite is available as a liquid concentrate with approximately 15 percent chlor­

ine, a solution which should not be subjected to extreme temperatures. Storage of 

l\laOCI at 75° F will result in a 50 percent loss of activity in a period of 100 days 
[1-20]' 

Chlorine gas is soluble in water (7,160 mg/l or 61 pounds per 1000 gallons, at 20° C 

and 2 ATM) and hydrolyzes rapidly to hypochlorous acid (HOCI). At the nearly 

neutral pH of most municipal wastewaters, the hydrolysis is virtually complete. Other 
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halogens, such as bromine and iodine, also form hypohalous acids (Table 5). Hypo­
chlorous acid can ionize to yield a proton (H+) and the hypochlorite ion (OCI-), but 
at pHvalues bel ow 7.5, HOCI predominates briefly as the form of chlorine disinfectant. 
Hypochlorous acid and the hypochlorite ion are referred to as "free available chlorine." 
Secondary effluents will typically contain 5 to 14 mg/I of ammonia nitrogen, and 
the reaction between ammonia and free available chlorine produces "combined avail­
able chlorine" in the form of monochloramine (NH 2CI) and dichloramine (NHCI 2), 

which do not disinfect as efficiently as does free available chlorine [A-32]. Hypochlor­
ous acid may also react with other wastewater constituents to form chloramines 
which possess little or no disinfecting power. The sum of the concentrations eventu­
ally formed of free and combined available chlorine is referred to as the "total resid­
ual chlorine" (TRC). 

The germicidal action ofthevarious formsof chlorine in solution appear to result from 
their oxidizing power on the chemical structure of the cell, denaturing cell protein 
and destroying the key enzymatic processes necessary for cell metabolism. With the 
possible exception of some viruses, hypochlorous acid appears to be the most efficient 
form of chlorine for disinfection (Table 3). Apparently HOCI penetrates the bacterial 
cell more readily than does OCI-. To insure adequate disinfection, long-term exposure 
(hours) of wastewater effluent to combined-chlorine forms is necessary, and therefore 
the addition of sufficient quantities of chlorine to insure the presence of free avail­
able chlorine within the TRC has been recommended [A-59]. The combined chlorine 
compounds are poor disinfectants, requiring extended periods of exposure to achieve 
significant microbiological reductions, with slow-acting viricidal effects [Table 4]. 

Previous studies have established the fact that both free and combined forms of resid­
ual chlorine in wastewater effluents are toxic to fish [H-12, H-16, H-21]. Fish normally 
will avoid plumes of wastewater effluents containing a toxic concentration of residual 
chlorine as treated effluent disperses into receiving waters. If sufficient dilution is 
available, residual chlorine dispersed into the receiving water should present minimal 
problems. However, chloramines may persist in aquatic environments for periods of 
sufficient length to become toxic to fish at low concentrations [H-49] . 

Chronic toxicity effects in which the normal functions of aquatic life may be im­
paired, have been observed in fish at extremely low levels of TRC. Studies using 
caged fish positioned below wastewater outfalls, have indicated that TR'C levels above 
0.01 mg/I and 0.002 mg/I can have adverse effects on freshwater populations of warm 
water and cold water fish, respectively [H-34]' In addition, limited data suggest that 
TRC levels above 0.01 mg/I may pose a serious hazard to marine and estuarine life 
[1-20] . 

Thus, the predominant forms of disinfectant which eventually result from chlorina­
tion of domestic wastewater, chloramines, are undesirable for two reasons of concern: 

(1) poor removal of viruses in the wastewater and (2) toxicity effects in the receiving 
stream. The use .of "breakpoint" chlorination has been advocated, using chlorine 

dosages several times those applied in wastewater, in order to yield free chlorine 
residuals that are effective viricides [G-15]' High levels of TRC in heavily chlorinated 
wastewaters must be removed by a dechlorination process to prevent toxicity effects 

in the receiving waters. Results of several studies have shown that dechlorination of 
municipal wastewater reduces or nearly eliminates the toxicity effects associated 
with residual chlorine [1-20]' 

v. Dechlorination 

Dechlorination treatment of chlorinated wastewater can be accomplished with the 
addition of sulfur compounds or by filtration through activated carbon. For dechlor­
ination with sulfur compounds, sulfur in the "plus-four" (+IV) valence state is em­
ployed, with sulfur dioxide being the most popular in usage. Sulfur dioxide (S02) is 
commercially available as a liquified gas and can be applied to wastewater using 
chlorination equipment. Sulfur dioxide gas is highly soluble in water (1.0 Ib/gal at 
60° F), dissolving into a weak solution of sulfurous acid (H 2S03)' The chemical 
reactions of sulfurous acid with both free and combined residual chlorine, reduces 
all chlorine to the chloride ion. The reaction weight relationship for conversion of 
chlorine to chloride ion requires 0.9 mg of sulfur dioxide per mg of chlorine. In ad­
dition, 2.8 mg/I of alkalinity is required to react with protons formed in the various 
reactions. The reaction kinetics of dechlorination with sulfur dioxide are very rapid, 
being nearly instantaneous for the conversion of free chlorine to chloride and taking 
only minutes to strip out the remaining combined chlorine. Thus, contact time for 
dechlorination with S02 is not of extreme importance, but rapid and complete 
mixing at the point of application is a highly important provision of the process 
efficiency. Because sulfur dioxide is a reducing agent, it can also strip dissolved oxy­
gen from the wastewater and, therefore, reaeration may be necessary to meet effluent 
standards. Strict control over the amounts of S02 added for dechlorination may 
eliminate or lower the reaeration requirement. 

Dechlorination with activated carbon is a physical process in which chlorine com­
pounds are stripped from the wastewater by sorption at surface active sites on carbon 
particles. Surface oxides are formed in the subsequent reactions in which chlorine 
forms are reduced to the chloride ion. Additional advantages of dechlorination with 
activated carbon are the removal of ammonia and COD from municipal wastewaters. 
It is a very expensive process, however, and difficult to operate properly. 

Dechlorination can eliminate many of the problems associated with residual chlorine 
effects, but some drawbacks to this process deserve further study. Because the re­
moval of chlorine will halt disinfection, adequate prior contact between residual 
chlorine and microorganisms must be insured. Large influent doses of chlorine may 
result in the formation of chlorinated organic compounds that are toxic to both 
fish and man. Dechlorination with sulfur compounds may double the cost of con­
ventional chlorination if reaeration is required, and the use of activated carbon beds 
for dechlorination could increase chlorination costs by a factor of five. 
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VI. Ozonation 

Ozonation can be cost competitive with chlorination-dechlorination as an alternate 
means of wastewater disinfection and is currently in use as a water disinfectant in 
Europe. Ozone (03 ) is a pale blue gas in concentrated form with a pungent odor 

that can be detected at concentrations below 1.0 ppm. It has a very high oxidation 
potential. Ozone is generated by conversion of the O2 molecule to 0 3 by the addition 

of energy to a stream of dehydrated air or pure oxygen. Disassociation of the O2 

molecule may be brought about by electric discharge, ultraviolet irradiation (1500 to 
1900 angstroms), gamma radiation, or heat [C-7]. The use of electric discharge has 
been established as the most practical way to generate ozone. Because the gas is very 
unstable and cannot be stored, it is generated on-site, prior to use. The ozonated air 
or oxygen stream will normally contain only a small percent of ozone by weight 
[C-l0J. 

Ozone retains its strong oxidizing potential in solution and is usually mixed with a 
liquid prior to a downward flow into the bottom of a baffled contractor. Maximum 

oxidation of compounds within the liquid flow is accomplished by arranging the 
contactors in series or stages, with ozone injected into the effluent from each state. 

Although ozone is more than teen times as soluble as oxygen in water, only a few 
mg/I are dissolved into a liquid flow during actual operating conditions due to the 

low weight fraction of ozone in ozonated air or oxygen and the low available partial 

pressure of ozone. Ozone appears to decompose or break down into molecular oxygen 
and atomic, or nascent, oxygen (0) in solution. Nascent oxygen is highly reactive 

and capable of oxidizing a variety of organic and inorganic compounds, reducing 

levels of BOD, COD, color, taste, and odors aswell as achieving destruction of micro­
organisms. The disinfecting power of ozone results from oxidation, which may affect 

the cell protoplasm in general or certain components of the cell wall or membrane 
[C-15]. Ozone as a disinfectant demonstrates an /Jail or nothing" effect, in that 

inactivation of microorganisms does not occur until a threshold level of ozone is 

reached [C-2]. After the threshold concentration of ozone is applied, efficient dis­

infection is attained very rapidly, achieving bactericidal effects hundreds of times 
faster than similar levels of bacterial destruction caused by HOCI. Reportedly,ozone 

is also a much more effective viricide and cysticide than is chlorine [C-24]. 

A major disadvantage of ozonation is that no long lasting residual disinfection is pos­
sible, as natural decay and oxidation reactions quickly dissipate dissolved ozone. 
Ozone residuals of up to 1.0 mg/I may persist for a few minutes. Ozone has a high 
affinity for organic matter, and large dosages may be necessary to overcome organic 
interferences to achieve the threshold level needed for adequate disinfection. Exten­
sive treatment of municipal wastewater to a tertiary level may be necessary prior to 
ozonation. The on-site generation of ozone will produce operation problems in ad­
justing the dose to variations in organic content. However, an ozone dose of 8 mg/I 

has achieved adequate disinfection of municipal wastewater [C-16J. As ozonated 

organics may be more amenable to biochemical oxidation, algal slime growth may 
occur in the treated effluent. The cost of an ozonation process may be three times 

that for conventional chlorination. The energy requirement for production of ozone 

will be four to sixteen times that required for production of chlorine (Table 9). In­

formation concerning the possible toxic effects of ozonated organics is now being 

obtained, but ozonated wastewater has not produced measurable toxicity to fish at 
the levels observed from chlorinated effluent [1-20]' 

VII. Use of Other Halogens 

Although chlorine has been used nearly exclusively as a disinfectant, other halogens 
have been examined, such as bromine, iodine, bromine-chloride and chlorine dioxide. 
Bromine, available primarily in bromide form, and iodine are widely distributed in 
nature and are difficult to obtain in large quantities. Bromine and iodine are produced 
domestically from brine wells, with extensive use of chlorine in the separation pro­
cesses. Over one-half of the approximately 450 million tons yearly of bromine pro­
duction in the United States was used as a component in antiknock fluid for gaso­
line. Removal of lead compounds from gasoline should make bromine more available 

for use as a disinfectant. Less than 20 million pounds of iodine are processed world­

wide each year. The market price of bromine is three to four times the market price 
of chlorine. The price of iodine is approximately 40 times that of chlorine. The pro­

duction of a pound of bromine and iodine may require two to three times the energy 
needed to produce a pound of chlorine. 

Bromine chloride may be prepared by adding an equivalent amount of chlorine (gas 

or liquid) to bromine until the solution has increased in weight by 44.8 percent 
[B-22, 1-34]' Bromine chloride may be formed in either the gas phase or in aqueous 

hydrochloric acid solution. Both bromine and iodine can be handled more safely and 

fed into wastewater more easily than chlorine. Bromine remains a liquid at atmos­

pheric pressure and iodine is available in a very stable solid form, althowgh each of 

these forms can be corrosive and toxic and must be handled carefully. Bromine 

chloride is less corrosive than bromine and may be shipped in steel containers, but 

care must be exercised in handling similar to that taken with chlorine. The cost of 
disinfection of wastewater with bromine chloride is comparable to the cost of ozona­
tion. 

Iodine is the least reactive of the halogens and stable residuals of molecular iodine 

and hypoiodus acid (HOI) become the primary forms in solution. At neutral pH, 
approximately 50 percent of iodine in solution will be in the HOI form. Iodine pos­
sesses the advantage as a wastewater disinfectant of not normally reacting with 
nitrogenous compounds such as ammonia, and therefore does not lose disinfecting 
power by forming iodoamines. The disinfection action of iodine has been identified 
with iodination of sulfhydral (-SH) groups in bacteria and amino acid iodination in 
viruses [B-14]' The hydrated, cationic species of iodine (H 2 0I+) has been postulated 
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as the active disinfectant agent for aqueous iodine [1-36] . Iodine has been shown to 

be effective as a bactericide, cysticide, and also as a viricide, although the cellular 
nucleic acids apparently are not affected [G-2·1]. Dosages of iodine may be higher than 

those required to achieve similar levels of disinfection by chlorine [B-2]' Iodine also 

retains good disinfecting power at high pH values. The physiological activity of 

iodine is known to be beneficial to the formation of the thyroid hormone. The effect 

of its use as a disinfectant on body functions is not thought to be detrimental, as 

iodine has been successfully used to disinfect swimming pool water with no apparent 

health effects [B-3]. Economics may be a major factor in limiting its use. 

Bromine is a strong disinfecting agent and when applied to municipal wastewaters 

at normal pH values, a predominance of hypobromous acid (HOBr) is formed [B-ll]' 

Hypobromous acid has been noted to be the most effective disinfecting form of 

bromine and has demonstrated bactericidal and virucidal properties equal to those 

of HOCI [B·ll, B-14, B-19, B-22]. Ionization of HOBr to greater than 50 percent of 

the less effective disinfectant, hypobromite ion (OBr-), occurs only when the pH 

exceeds 8.5, about one unit higher than the pH at which the concentration of hypo­

chlorite ion exceeds that of HOC!. Bromine is a more efficient disinfectant at pH 

values above neutral as compared to chlorine, since a relatively higher level of HOBr 

exists. Bromine also reacts with ammonia in solution to form bromamines. Unlike 

chloramines, combined bromine forms essentially are as germicidal as HOBr, with 

both forms showing similar cysticidal properties [B-27]' Bromine forms in solution 

can inactivate the nucleic acids of microorganisms, but it is suspected that bromine 

does not penetrate the protein coat of viruses [B-15]. 

Bromine is very susceptible to demand effects from reducing agents in wastewater, 

and bromamines are somewhat unstable, especially dibromamine [B-22]. Careful 

control over bromine dosages is necessary to maintain the proper residuals for ade­

quate disinfection, as a portion of the dose will be quickly lost as bromides, thus 
providing no germicidal action. Prechlorination has been shown to reduce the re­

quired bromine dosage necessary to obtain a given level of disinfection [B-19]. An 

advantage of the rapid conversion of bromine to bromides is that it removes poten­

tially toxic products from the wastewater discharge. 

A variety of interhalogen compounds, formed from two different halogens, exist 

as possible disinfectants, such as bromine chloride, iodine monochloride, and iodine 

bromine [B-22]. These compounds seem to offer more stable disinfection residuals 

than other halogens. Of these compounds, bromine chloride [BrCI) seems to be the 

most likely possible replacement for chlorine in instances where toxicity to fish in 

receiving waters is of concern. The toxicity characteristics of BrCI become negligible 

in a matter of minutes as compared to residual chlorine toxicity which may last for 

many hours [B-21]. Iodine interhalogens apparently demonstrate disinfection char­

acteristics similar to iodine, but are not as effective [B-22]. 

Bromine chloride exists in an equilibrium mixture with molecular bromine and 

chlorine and it is about 40 percent disassociated into Br2 and CI 2 in most solvents 

[1-34]. In water, BrCI has a solubility of eleven times that of chlorine and 2.5 times 

the solubility of bromine. Bromine chloride solubility increases in the presence of 

the chloride ion. The high reactivity of bromine chloride, coupled with rapid equi­

librium adjustments, can produce disinfectant products containing bromine resulting 

almost exclusively from BrCI [B-22]. Bromine chloride appears to hydrolyze exclu­

sively to HOBr in water. Thus, the disinfecting characteristics of BrCI are similar to 

those of bromine. Approximately 69 percent reactive bromine is available from 

bromine chloride, which is 40 percent higher than the bromine contributed from 

molecular bromine for substitution reactions [B-21]' Bromine chloride reacts with 
organics in wastewater to form brominated organics, but these compounds have not 

been identified with the suspected toxic effects of chlorinated organics. Apparently, 
the major portion of BrCI added to wastewater is ultimately reduced to inorganic 
bromides and chlorides. Results of preliminary studies have verified the postulated 

lack of significant toxicity in wastewater effluents treated with bromine chloride 

[1-34]. 

Chlorine dioxide (CI02 ) is a powerful oxidizing agent with excellent germicidal 

properties similar to those of HOCI [A-40]. Chlorine dioxide gas is unstable, corrosive, 

and explosive, requiring very competent handling. The CI0 2 gas is generated on-site 

from the reaction between sodium chlorite [NaCI02 ] solution and chlorine in con­

tact with water to assure that the gas remains in solution. Chlorine dioxide does not 

react with ammonia, as does chlorine, and thus retains a high degree of germicidal 

effectiveness in wastewater over a normal range of pH values. However, organic waste­

water exerts a high CI02 demand and high dosages may be necessary to accomplish 

disinfection. Currently, no adequate method exists for determining low residual 

concentrations of CI02. The possible formation of chlorinated organics resulting 

from the use of CI02 has not been studied at this time. A major disadvantage, which 
may limit CI02 use, is the significant cost of generation, as the oxidant costs 13 times 

more than the current price for producing chlorine. 

VIII. Miscellaneous Disinfectants 

The use of metal salts, permanganate, and quaternary ammonium compounds does 

not seem to have any application to disinfection of wastewater due to extreme costs 

and losses in disinfection power due to the interferences from wastewater consti­

tuents. 

Lime has been used to help remove colloidal solids from wastewater for many years. 

Lime also can act as a germicide at high pH values (above 11.5) and in addition, its 

floccu lating capabilities can effect cyst and spore removal. Effective reductions in 

bacterial count have been established with lime treatment of domestic wastewater, 

using contact periods of 30 minutes or less [E-12, E-19]. Lime treatment at high pH 
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also accomplishes phosphorus removal. Although a lime treatment process in itself 
would be relatively easy to operate at a reasonable cost, handling and disposing of 
the lime sludge would be difficult and expensive. The use. of lime as a disinfectant 
may be a possible alternative to chlorine in advanced wastewater treatment where 
phosphorus removal is incorporated in the process design. 

Economics has played a major role in the dominance of chlorine usage as a waste­
water disinfectant. With the possible need for dechlorination to remove toxicity 
effects and growing possibilities of viral contamination of receiving waters, the use 
of alternate disinfectants to help alleviate these problems should be pursued. Perhaps 
the optimum solution will involve combinations of disinfection processes used al­
ternately or in successive stages. 

PRACTICAL DISII\IFECTION TECHNOLOGY 

I. Process Efficiency 

A number of factors may establish the performance efficiency of a particular disin­
fection process." Microorganisms have different levels of resistance to germicidal 
agents, which vary with the physical, chemical, or biological nature of the wastewater. 
Wastewater characteristics, such as temperature and pH, can influence both chemical 
and biological activity. Organic material in the wastewater may react with the disin­
fectant and lower its germicidal action, while other solid fractions may act as a shield 
to protect the cell. Microorganisms may exist in resistant forms, such as spores or 
cysts, or they may persist in masses or clumps of cells in which internal microorganisms 
are protected by surrounding cells. 

The provision of a sufficient contact period to accomplish disinfection may also de­
pend on the method of application of the disinfectant and the hydraulics of the flow 
through the contact unit [A-ll, A-25, A-26, A-32J. Uniform and rapid dispersion 
of the disinfectant into the wastewater must be achieved for efficient disinfection. 
Hydraulic inefficiencies, such as high velocity currents, can severely limit the contact 
between cells and levels of disinfectants necessary to inactivate the organism [A-12, 
A-18, A-20J. 

Disinfection efficiency is commonly determined by biological enumeration tests for 
indicator organisms. The tests are based on the assumption that a significant reduction 
in indicator organisms parallels a similar reduction in pathogenic species. The coliform 
group of bacteria is used most often as an indicator of the presence of the wastes of a 
warm blooded animal. Growth results in fermentation tubes inoculated with a series 
dilution of a wastewater sample can be interpreted statistically to yield the most 
probable number (MPN). The MPN is a quantitative estimate of the number of coli­
form cells within a 100 ml volume of sample. A TRC level of 1 mg/I maintained 
within the wastewater for a period of at least 30 minutes is'expected to accomplish 
a high (over 90) percent coliform reduction within t~e contact unit although the 
inactivation level will be dependent on the wastewater characteristics. The total coli­
form removal should be in excess of 99.9 percent for secorndary treatment with 
chlorination, which may leave an effluent MPN of 1,000 to 10,000 total coliforms 
and correspondingly, 1 to 1,000 fecal coliforms per one hundred milliliters of sample 
[A-32, 1-8] . 

Although coliform inactivation may parallel th,e destruction of most pathogenic 
bacteria, more resistant pathogens, such as streptococci and staphylococci and some 
viruses, may not be as severely affected [F-14]. Inefficient inactivation of viruses 
could be a serious, epidemiological problem in that disease could result from infection 
by a single virulent cell. Disease symptoms may be delayed or the disease transmitted 
to another person before it is observed [G-7]. 
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Disinfection process efficiency and control problems may be related to a lack of 
known disinfectant dosage-residual values. As chlorination has been the primary 
means of wastewater disinfection, accurate dosage-residual relationships should exist 
for this disinfectant, but this is not the case. Apparently, due to many interrelated 
factors, such as wastewater quality, chlorine application, and laboratory techniques, 
correlation between disinfectant dose and residual for different plants has not been 
established [A-31l. However, the absence of dosage-residual relationships may have 
originated from the lack of simple testing techniques for precise determination of dis­
infectant residuals. A number of analytical tests are available for measurement of 
residual chlorine and are outlined in American Public Health Association's Standard 
Methods for the Examination of Water and Wastewater. The most popu lar methods 
are the two colorimetric techniques, orthotolidine and DPD. Analytical testing prob­
lems do exist as the orthotolidine method is subject to a high level of interference in 
wastewater and underestimates actual TRC levels, which may result in severe toxicity 
problems from treated effluents [H-16, H-28, H-34]. The iodometric method has been 
shown to yield more precise results than the DPD test for chlorine residual determ­
ination [1-61]' The iodometric test end point may be determined with a high degree 
of accuracy by amperometric titration, or by starch-iodide titration. lodometric 
measurements of chlorine residual consistently have shown higher values than ortho­
tolidine measurements [A-19]. A proper value of residual TRC for adequate waste­
water disinfection as measured iodometrically may be three mgtl or more with 
provision of proper contact periods [A·17]. 

lodometric analytical tests should be used for close control of chlorination processes 
but will require proper lab equipment and trained personnel. As problems exist for 
chlorination residual control, many more difficult problems can be expected for 
alternate disinfection processes, in which only brief, or even no residual is maintained. 

Accurate determination of disinfectant residuals will be necessary for optimum con­
trol of certain alternate disinfection processes. Breakpoint chlorination control will 
require accurate determination of free chlorine residuals which may be found using 
iodometric methods. Optimization of both breakpoint chlorination and ozonation 
will require continuous residual monitoringwith loop controls on disinfectant dosages. 
Electrodes can be used to provide continuous residual monitoring for both processes, 
but proper maintenance and experienced operation is required for dependable service 
[1-36]. Because irradiation with ultraviolet light and gamma radiation leave no resid­

uals, irradiation intensity must be continuously monitored to control disinfection. 
Dechlorination with sulfur dioxide will require that control systems balance dosages 
in order to prevent toxic excesses of chlorine in the process effluent. Although the 
methods for application of S02 for dechlorination differ only slightly from that of 
chlorine, use of the same equipment for application of each is not recommended 
[1-36]' The control system for optimum balancing of S02 -C1 2 dosages should be of 
the feed-forward type [1-62]. 

Currently, many operational problems exist for all disinfection processes. One such 

problem is the provision of a uniform exposure of efficient disinfecting agents to 
microorganisms in order to produce optimum inactivation. Results of many past 
studies have indicated that uniform injection and intense mixing of the chlorine dose 
followed by adequate detention within a contact basin, are more important to dis­
infection efficiency than is an arbitrary increase in chlorine dosage [A-12, A-18, 

A-32, G-9, 1-11]. Results of in-plant modifications have demonstrated that uniform 
dispersion of chlorine with violent mixing upstream of the contact basin will increase 
disinfection efficiency without an increase in chlorine dosage [A-32]. Un iform appli­
cation of dosage may be achieved with grid injectors or perforated plates to disperse 
the flow. Apparently, uniform injection and rapid mixing of the chlorine dose ex­
poses a large number of microorganisms to the disinfectant [A-9l. Upstream mixing 
may be provided by hydraulic jumps, step-down drops, tubular reactors, and high 
velocity flows in pipeline bends. Adequate contact to residual chloramines will be 
necessary for inactivation of cells and will be extremely important to a chlorination­
dechlorination process where breakpoint chlorination is not used. Problems related 

to adequate exposure or contact times may exist with other disinfection processes. 
Many existing contact tank designs are subject to severe short-circuiting, which allows 
flow to leave the basin after short residence periods [A-25]. Contact basins should 
be designed to achieve a plug flow condition for maximum flow retention. Horizontal 
baffles or a series of longitudinal end-around baffles provide the longest retention 
times in a basin and are more effective against thermal currents than are single longi­
tudinal or several over-under baffles. 

The sbort half-life of ozone and bromine in wastewater requires that care be taken 
in applying these disinfectants [B-22, C-35l. Ozone injection and contacting methods 
are well established for water treatment and similar techniques could be applied to 
wastewater disinfection [C·7]. However, ozone spargers would not be practical for 
disinfection of secondary effluent, as a large fraction of the ozone may be consumed 
for oxidation of organics. Provisions for handling foam from the contacting units 
will be necessary; however, foaming will provide additional suspended solids removal. 
Although bromine chloride can be handled and applied in a manner similar to chlorine, 
improved methods of uniform injection and pre-mixing prior to contact detention 
will be necessary for its use. 

Many alternate disinfection processes may require exposure times somewhat less 
than chlorination; contact periods will vary for these other processes. Pretreatment 
requirements and control of influent quality will be important for each disinfectant 
used. Efficient disinfection performance will require minimum influent levels of 
solids content, BOD, COD, pH, organic and ammonia nitrogen, etc. Effluent moni­
toring will be necessary for operational control of all methods of disinfection. Pre­
treatment of secondary effluent for solids removal may be necessary to optimize 
the effectiveness of ozone and ultraviolet light. Pretreatment may also be employed 
to enhance disinfection by chlorine and bromine chloride. Lowering wastewater pH 
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by acid addition will improve the disinfection efficiency of chlorine by increasing 
the level of HOCI [A-9]. Addition of chlorine prior to the injection of bromine chlor­
ide will help remove some of the bromine demand, enabling a higher residual concen­
tration [B-9]. 

Temperature control may be necessary with the use of a UV system as light intensity 
declines as operating temperature decreases [1-11]. UV light intensity is greatly af­
fected by voltage fluctuations, and continuous monitoring of light transmission must 
be designed into the system with automatic alarms to note a loss of proper intensity. 
An ultraviolet light dose of 5 X 10-8 Einsteins per milliliter has been shown to pro­
duce effective inactivation of many types of microorganisms [0-23]. Only brief 
contact periods are required for UV disinfection, but a shallow flow depth is neces­
sary, which will require proper velocity control for depth-exposure time balance. 

Pretreatment requirements for gamma radiation are not as stringent as those for other 
disinfectants although disinfection efficiency is greatly improved when dissolved 
oxygen is present [0-30]. Contacting requirements for gamma radiation have been 
established on a pilot-scale basis, and these could be used to design larger units [0-32] . 

_ 1m provi ng the level of wastewater treatment prior to disinfection will greatly enhance 

disinfection efficiency. Disinfection of tertiary or advanced treatment plant effluents 
would provide maximum removal of microorganisms and cause minimal problems 
related to process operation and effluent toxicity. Possibly, in-plant modifications 
or upgrading of treatment at points upstream from a conventional chlorination unit 
could serve the same purpose as an alternate means of disinfection. 

Consideration of advanced treatment possibilities could make dechlorination with act­
ivated carbon cost competitive with some advanced treatment systems. Activated car­
bon columns are now used to remove dissolved organics from wastewater and that 
technology may be used for dechlorination purposes. As the affinity of activated 
carbon for combined chlorine is much less than its affinity for free chlorine, de­
chlorination of sewage effluent may be troublesome. Previous studies have indicated 
that loading rates of two to three gallons per square foot of carbon surface with 15 
to 20 minutes of contact could remove three mg/I of TRC, with an expected bed 
life of two to three years [1-34]. Discoloration of column effluent indicates the need 
for replacement of the activated carbon. Post chlorination, pH adjustment and post­
aeration may be required for column effluent due to acid production and biological 
growth within the column [1-20]. 

II. Comparison of Methods and Costs 

Existing technology and economics favor chlorination as the most practical means 
of disinfecting w~stewater. Chlorination of wastewaters is effective in reducing the 
hazards of waterborne disease outbreaks resulting from effluent discharges into rec­
reational and food supply waters. Although chlorination can reliably meet present 

bacteriological standards for secondary treatment, serious deficiencies and disadvan­
tages are inherent in current practices. These include: 

1. Low MPN counts may not correlate with adequate level of disinfection. 
2. Interfering substances, such as ammonia nitrogen, limit the effectiveness of a 
given chlorine dose. 

3. Chlorine residual levels and contact periods now employed for disinfection 
may not adequately remove viruses (1 mg/I of TRC for 30 minutes). 
4. Discharges of residual chlorine compounds may be toxic to fish in receiving 
waters at low concentrations (above 0.01 mg/I) for extended periods. 
5. Chlorination of certain wastewaters may result in the formation of halogen­
ated organic compounds that are potentially toxic to man [1-20]. 

From the estimated 100,000 tons of chlorine used annually in the United States for 
disinfection of wastewater, approximately 5,000 tons of chlorine-containing organic 
compounds may be discharged into receiving waters [H-33]. The long-term, ecological 
effects of these man-made compounds are largely unknown, but some identifiable 
forms are suspect carcinogens [H-36]. 

Terminal disinfection of vegetative bacteria and viruses can be obtained with break­
point chlorination and adequate contact time. The increased dosage (above 25 mg/I) 
used to produce a free-chlorine residual in the effluent will intensify residual toxicity 
and increase the quantity of chlorinated organics released to receiving waters. De­
chlorination with sulfur dioxide can remove such toxic residual chlorine as chlora­
mines to protect aquatic and marine life, but may not effect removal of other chlor­
inated organics. Activated carbon dechlorination could result in removal of both 
organics and ammonia, but the ability of such a process to remove halogenated 
organics from chlorinated effluents has not been verified [1-20]. 

The use of ozone, bromine chloride, bromine, and iodine can reduce the problems 
associated with toxicity of residual chlorine, but the interactions of these disinfec­
tants with organic matter have not been completely revealed. Thus, little is known 
about either the short or long-term ecological effects of reaction products formed 
during use of these disinfecting agents. Irradiation of wastewater may also initiate 
undesirable side reactions resulting in the formation of compounds that have ad­
verse effects on receiving waters [1-20]. 

Chlorine is a somewhat more available resource than either bromine or iodine and 
requires less power for production of an equivalent quantity [Table 9]. The outlook 
for future availability of bromine chloride appears good [B-21]. Improvements in 
methods of generating and contacting ozone could reduce significantly the power 
requirements for its production and lower dosage requirements [C-34l. A larger use 
of ultraviolet lamps may result in the development of more efficient units which 
would consume less power than existing models [0-23]. Currently, a 65 watt bulb 
yields from 10 to 20 watts of UV light energy. Alternate means of disinfection will 
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consume more energy as a whole than will conventional chlorination. Hopefully, 
technical improvements will narrow the current differences in energy usage if alter­
nate disinfection techniques are utilized in the future. 

Estimated capital and operating costs for alternate disinfection methods are presented 
in Tables 10 through 20 and are summarized in Tables 21 and 22. Cost relationships 
to the hydraulic capacity of secondary treatment plants are graphically depicted in 

Figures 1 through 3. From an examination of the values presented in these tables 
and figures, it would appear that dechlorination with sulfur dioxide is relatively 
cheaper than other alternate means of disinfection. Post-aeration following 502 

dechlorination would increase the cost of this process by approximately 50 percent. 
Ozonation and ultraviolet irradiation would appear cost competitive with chlorina­
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tion, dechlorination with 502 , and post-aeration for disinfection of secondary effluent. 
If upgrading of treatment to a tertiary level is required for use of ozone and ultra­
violet light, then the costs of these processes would go up by a factor that may range 
from three to five (Table 17). However, breakpoint chlorination may double chlor­
ination costs. Thus, dechlorination with activated carbon may be cost competitive 
if breakpoint chlorination and the use of tertiary treatment prior to other means of 
disinfection are necessary. The use of bromine chloride appears to possess the most 
favorable economicsof the alternate means of disinfection,on a cost per-gallon-treated 
basis. 

From the standpoint of practical technology and toxicity to aquatic and marine life, 
both chlorination-dechlorination (with 502 ), and bromine chloride, seem to be the 
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most competitive alternatives to conventional chlorination. However, two distinct 
disadvantages may exist when either of these two alternate processes are used: viruses 
may not be removed and halo~enated organics may be formed and released in the 
effluent. The use of ozone alone, or in combination with Ultrasonics, ultraviolet 
light or halogens, may alleviate the disadvantages of suspect virus removal and forma­
tion of possible toxic reaction products which result from conventional chlorination. 
The use of alternative disinfectants should be evaluated on a case-by-case basis for 
any wastewater treatment process. In many cases, a trade-off of values may provide 
the best answer, in which the optimum natural ecology of limited stretches of re­
ceivrng waters must be compromised to the higher interest of protection of human 

health and life [1-20]. 

REGULATION OF DISINFECTION 

I. Current Problems 

The enactment of P.L. 92-500 had the effect of requiring continuous disinfection 
of domestic wastewater effluents for maximum protection of human health. The 
Environmental Protection Agency promulgated limitations in terms of fecal coliform 
bacteria in section 133.102 (c) of 40 CFR Part 133, which required the following 
minimum levels of disinfection: 

"(1) The geometric mean of the values for effluent samples collected in 
a period of ~O days shall not exceed 200 per 100 milliliters (FC-MPN­
200). 

(2) The geometric mean of the values for effluent collected in a period 
of seven consecutive days shall not exceed 400 per 100 milliliters." 

In order to attain EPA disinfection standards, a separate unit process of disinfection 
was necessary as secondary treatement alone seldom accomplishes more than a 90 
percent total coliform reduction. As chlorine was the only established wastewater 
disinfectant at that time, the use of chlorination was greatly encouraged. Although 
the toxicity problems resulting form chlorine residuals were well documented from 
past investigations, little consideration had been given to optimizing chlorination 
techniques to protect aquatic organisms. Recent studies emphasized the toxicity of 
chlorine residuals at low concentrations and potentially dangerous halogenated or­
ganics were isolated from chlorinated wastewaters. Thus, it has recently been recog­
nized that uncontrolled and excessive use of chlorine for wastewater disinfection 
could pose serious threats to both human and aquatic life . 

In light of these developments, the Environmental Protection Agency has proposed 
revisions to its secondary treatment regulations, in which the effluent limitations for 
fecal coliforms would be deleted and disinfection criteria would be based on water 
quality standards [I-56, I-57]. An assessment of state standards for wastewater disin­
fection conducted by EPA indicated that sufficient local regulations pertaining to 
disinfection of wastewater did exist which would adequately protect public health 
[F-1, 1-2'1]. Disinfection requirements should provide adequate protection of the 
necessary water quality for the following classes of receiving waters: 

1. Public water supplies; 
2.	 Fisheries and shellfish waters; 
3.	 Irrigation and agricultural waters; 
4.	 Human contact waters, and 
5.	 Interstate waters of the previously listed four classes [1-21]. 
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In instances where the benefits derived from chlorination are greatly outweighed by 
ecological damage, alternate means of disinfection must be considered. If no identi­
fiable public health hazards exist from non-disinfected discharges, then the disinfec­
tion step could be omitted from the treatment process. The omission of disinfection 
should be considered only when treated effluent will receive sufficient dilution in 
the receiving water. 

The use of the coliform family of bacteria as bio-indicators of possible sewage con­
tamination is well established. The multiple tube dilution method and the MPI\J 
parameter provide a reliable quantitative estimate of coliform density within asample. 
Representative sampling is a vital aspect of the accuracy of test results. The membrane 
filter (M F) method has been proposed as a possible replacement for the multiple 
tube test because of its relative rapidity and because the procedure results in an 
actual bacterial count for a given sample volume. The MF procedure appears to be 
subject to interferences when applied to chlorinated sewage effluent [F-35l. The 
geometric median value of MPI\J obtained from tests conducted on a number of 
samples within aset period of time has been used as a regulatory standard by a num­
ber of state and federal agencies. Previously, a median MPI\J value of 1,000 total 
coliforms per 100 milliliters of sample was accepted as the maximum health risk value 
for recreational water quality. The Federal Food and Drug Administration has set a 
limitation of 70 total coliforms per 100 milliliters, as a median value, for shellfishing 
harvesting waters.Currently, fecal coliform median MPN values as regulatory standards 
have been proposed, such as 200 fecal coliforms per 100 milliliters for recreational 
waters [F-41]. The use of fecal coliform test results as the only regulatory standard 
is subject to many disadvantages, including [A-19] : 

1. Fecal coliforms comprise only a variable portion (20 to 40 percent) of the 
total coliform family present in sewage contaminated waters. 
2. Fecal coliforms are more susceptible to chlorine than the non-fecal coli­
forms. 
3. Low fecal coliform MPI\J values may not correspond to the absence of 
pathogenic bacteria and viruses, due to differences in resistance. 

The use of fecal coliform IVIPN values has the advantage of a better correlation to 
fecal contamination from either domestic or storm wastewaters. Assuming a normal 
distribution of test results, a mean MPI\J of 200 would indicate that a few percent 
of samples could show an MPN as high as 1,000 [F-22]. A definite need exists for 
studies concerning the relationships between fecal coliform MPN and the density of 
water-borne pathogenic microorganisms. Fecal coliform to fecal streptococci ratios 
have shown some correlation to fecal contamination from domestic wastewater [F­
18, F-19l. Preliminary studies have been made on possible use of yeasts and acid-fast 
fast bacteria as indicators of wastewater chlorination efficiency [F-14] . 

Results of many studies have suggested that an examination for specific pathogens 

should be conducted on recreational and food supply waters for maximum health 
protection [F-22, F-48]. A limited number of regulatory standards have incorporated 
a viral limitation in the form of a maximum number of plaque-forming units (PFU) 
[1-61]. Viral concentration, separation, and identification techniques have been greatly 
modified and improved recently, but a high level of technical skill is still required to 
conduct viral examinations [G-2, G-28, G-34, 1-34, 1-49]. Destruction of at least 12 
log units of a reference virus at 5° C has been recommended as a possible disinfection 
standard [G-8l. In view of present technology, the recommended viral standard 
may not be realistic as it would require improvement in present effluent monitoring 
and analytical testing techniques. 

The possible formation of halogenated organics in chlorinated wastewaters and poten­
tially adverse effects on public health pose serious regulatory problems. The formation 
of highly toxic chlorinated hydrocarbons during normal disinfection practice has 
been noted as highly unlikely due to the competitive reactions which exist during 
wastewater chlorination [H-28l. However, Jolley [H-33l, has identified stable chlor­
ine-containing organic compounds in effluents with an orthotolidine residual of 1-2 
mg/I of TRC. Results indicated that one percent of the chlorine dosage could be 
associated with an increase in chlorinated organics. The tests involved chlorination 
of activated sludge effluent and a 45-minute reaction time, which left a TRC level 

of one mg/I (as measured by orthotolidine) [H-33]. Concentration levels of chlorina­
ted organics in wastewater effluents have been measured in the part per billion range 
[H-14l. Chlorinated purines and pyrimidines have been found in chlorinated effluents 
at levels which could potentially exhibit some teratogenic and carcinogenic activities. 
[I-20l. The formation of potentially dangerous reaction products from all methods 
of disinfection requires additional research for proper evaluation. 

II. Current Research 

The Environmental Protection Agency is currently sponsoring a number of research 
projects concerning wastewater disinfection (Table 23). These studies include improv­
ing the chlorination process, determining viricidal properties of chlorine, comparing 
alternate disinfectants with parallel tests and developing new indicators ofdisinfection 
efficiency. The results of many recently completed studies have been made available 
(Table 24). 

Four major extramural wastewater disinfection projects are now in progress. A paral­
lel study is underway in which four methods of disinfection are being applied to 
wastewater effluent from the activated sludge treatment plant located in Wyoming, 
Michigan [1-20]' Chlorination, chlorination-dechlorination with 502 , ozonation, and 
bromination with bromine chloride are used to disinfect four streams in the Michigan 
study, with an undisinfected fifth stream for control. Each effluent stream was evalu­
ated for disinfection efficiency and fish toxicity. Preliminary results have indicated 
that the chlorinated effluent stream is the most toxic to fish life. Dechlorination 
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with S02 appears to be highly successful in removing this toxicity. Ozone and bro­
mine chloride have not exhibited significant toxicity at the levels of dosage and con­
tact normally employed. Unfortunately, involved chemical analysis for detection 
and identification of reaction by-products was not included as part of this project. 
Thus, possible formation of halogenated and ozonated organics and the implications 
to public health concerns will not be addressed by this study. Results of tests at 
Wyoming City have verified the fact that bromine chloride is an efficient disinfectant 
for secondary effluent, producing residuals below those resulting from chlorination. 
The initial level of bromine chloride residuals was noted to dissipate rapidly and toxi­
city effects were not evident below a residual concentration of 0.02 mgt!. Additional 
data are needed to establish the optimum halogen residual required for adequate 
disinfection with bromine chloride. The Wyoming study has also demonstrated that 
it is difficult to reliably disinfect secondary effluent with ozone, using present con­
tractor designs. Tertiary treatment, using chemical clarification followed by mixed 
media filtration, may be required for ozonation pretreatment. Under construction 
are five full-sized wastewater treatment plants which will employ ozonation for dis­
infection as listed in Table 23. Additional bromine chloride studies are planned for 
treatment plants located near shellfish harvesting areas in Maryland and Virginia. 

A study of ultraviolet light disinfection of wastewater has been initiated in Dallas, 
Texas to evaluate operational problems, pretreatment requirements, and process eco­
nomics. A 2-MGD domestic wastewater treatment plant thatwill use UV disinfection 
following filtration is under construction at Rochester, N. Y. Back-up chlorination is 
included in this facility. Chlorination of sand-filtered, multi-cell lagoon effluent is 
being investigated at Logan, Utah, to determine the chlorination requirements needed 
to reach a secondary treatment level. Optimization of the wastewater chlorination 
process to reduce toxicity emissions is being studied at Sacramento, California. A 
mobile, idealized chlorine-mixing and contacting unit is being tested for disinfection 
efficiency in parallel with existing full-scale chlorination facilities at several treatment 
plants. EPA-sponsored studies are also being conducted on viral inactivation by chlor­
ine and a search is underway for new microbial indicators of disinfection efficiency 
[1-20]. As most of this research is relatively new or currently active, complete evalu­
ations of study results are not available at the present time. Information obtained 
from this EPA-sponsored research should provide a foundation for future waste­
water disinfection policy decisions. 

SUMMARY
 

A variety of pathogenic organisms are normally present in domestic wastewater. Max­
imum public health protection requires the assumption that the numbers or density 
of pathogens is sufficient to cause a reasonable probability of infection upon inges­
tion of even highly diluted sewage. Indicator organisms are used to quantify the 
probability of contact with an infective dose of a waterborne pathogenic species. 
Acceptable limits for coliform density in certain waters have been established for 
maximum water quality protection. Proposed IVIPN standards of 1,000 total coliforms 
per 100 milliliters and 200 fecal coliforms per 100 milliliters have been previously 
adopted for recreational waters, based on limited epidemiological data. A limit of 70 
total coli forms and 14 fecal coliforms per 100 milliliters has been established for 
shellfish growing waters. Outbreaks of waterborne diseases in the United States are 
infrequent, but reported cases of Shigella and Salmonella illnesses have occurred 
among swimmers, and many cases of infectious hepatitis have been related to the 
consumption of raw shellfish [1-20]. In several instances, outbreaks of waterborne 
disease occurred from contact with water contaminated by sewage [F-8, F-9]. 

Adequate water-quality criteria can be maintained for health protection if pathogens 
are removed or destroyed by physical or chemical means prior to discharge so that 
natural die-off and dilution eliminates possible contact with an infective dose. How­
ever, in the case of viruses, virtual elimination may be necessary as infection may 
result from exposure to one virulent organism. Primary and secondary treatment 
systems do not possess the necessary microorganism removal efficiency to meet 
adopted water-quality standards, unless a separate unit operation, designed specifi­
cally for wastewater disinfection is added. Total treatment with a disinfection unit 
should be able to meet the standards set for indicator microorganisms when the re­
ceiving waters are used for water supply, recreation, and food supply. 

"Disinfection of secondary effluent with chlorine can reliably meet present bacterio­
logical standards for secondary treatment." [1-20] But, present bacteriological 
standards based on the coliform bacteria MPN may not provide maximum health 
protection, as more resistant pathogens, such as viruses, can survive when coliforms 
cannot. In addition, the process of chlorination can result in the formation of residual 
chlorine levels in receiving waters that are toxic to fish. Dechlorination with sulfur 
compounds is a practical method of removing toxic residual chlorine, but it will re­
quire extensive operational control and possible post-treatment. 

The unlikely, but conceivable, formation of halogenated organic compounds that are 
potentially toxic to man, from chlorination of wastewaters, is an area of special 
public health concern. The use of high chlorination doses for breakpoint chlorination 
may result in the production of significant amounts of halogenated organics which, 
although they are usually unstable, may be detrimental to environmental quality [H-2]. 
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Uncontrolled and indiscriminate use of chlorine for disinfection should not be per­
mitted. In-plant modifications to provide proper contact periods, with accurate resid­
ual monitoring and control, should eliminate many of the operational and toxicity 
problems associated with present chlorination practices. Alternate means of disinfec­

tion may possess certain advantages that favor their use in some instances, but a 
proper evaluation of the ecological-health-resource trade offs should proceed the 

selection of anyone method of disinfection (Table 8). 

The use of either chlorination-dechlorination or chlorobromination (BrCI) may 
eliminate aquatic life toxicity problems but may not completely eliminate the prob­

lems of the viruses and hazardous reaction by-products that may be discharged to 

receiving waters. Breakpoint chlorination should be a highly effective method for 

viral inactivation but may intensify the potential hazards of halogenated organics. 
Dechlorination to remove toxic residuals could be required as post-treatment for 

breakpoint chlorination. Post-treatment in the form of pH adjustments and reaeration 
may be necessary for proper dechlorination operation and may be required for the 
majority of alternate disinfection processes. Bromine chloride is a very promising 
alternative to chlorine from the standpoint of both available technology and eco­
nomics. The halogenated reaction products of chlorobromination are apparently 
oxidized rapidly to non-toxic compounds. Effective bacterial and viral inactivation 
seem to be accomplished more rapidly by BrCI as compared to similar doses of chlor­
ine. Effective residual monitoring and control will be very important to the use of 
dechlorination and chlorobromination. 

Ozonation and ultraviolet light are highly effective germicides if interferences are 
removed from the wastewater. Ozone and UV processes will require pretreatment 

in the form of chemical clarification and filtration in order that they meet disinfec­
tion standards. However, ozone can provide residual oxygen in the treated effluent 

and ultraviolet light should not produce toxic reaction by-products. The use of lime 
for disinfection may be feasible if provisions can be made to handle the large quanti­

ties of sludge that would be formed by this treatment. 

Conventional chlorination may util ize from 7 to 15 percent of the total on-site power 

demand required for the operation of a secondary treatment process. Alternate means 

of disinfection may need from five to seven times the power normally supplied for 
disinfection by chlorine. Resource scarcity and a high degree of power consumption 

will cause most alternative means of disinfection to be at least three to five times 

more expensive than chlorination. Chlorine is the most readily available and inexpen­

sive of the various practical methods that can accomplish effective disinfection. 

The technology of alternate methods of disinfection is being rapidly developed. Cur­

rent research should provide parameters for practical process design of dechlorination, 
ozonation,chlorobromination and ultraviolet light facilities. However, economics may 
favor trade offs between the need for maximum public health protection and the 

desire to maintain a natural ecological system. Disinfection must be recognized as a 
unit operation for which the degree of upstream pretreatment is vitally important. 
Continuous monitoring of effluent residuals or dosage intensity, incorporated into 
an automatic control system, should be designed into each disinfection unit in areas 
of high water-quality requirements. 

28 29 



RECOMMENDATIONS
 

Recommendations regarding the possible usage of alternate means of wastewater dis­
infection, summarized from available literature, include: 

1. In-plant modifications should be used to develop good mixing of chlorine 
and influent wastewater with adequate contact periods to improve existing chlorina­
tion processes. Consideration should be given to the provision of mixing devices, 
baffling modifications, stage dosing of chlorine and pH-temperature adjustments. 

2. In areas where protection of aquatic life is of concern, chlorine residuals 
should be precisely monitored and maintained below 0.01 mgtl in the receiving 
waters at all times. Lower residual levels may be necessary in some cases where sen­
sitive organ!sms are present or other factors add to TRC toxicity. 

3. If chlorine residuals in treated effluents must be reduced to trace levels, then 
dechlorination, which will require continuous monitoring and loop control systems, 
should be utilized. 

4. In areas where viral contamination and halogenated organics pose a threat 
to public health, the use of alternate disinfectants should be considered, based on a 
proper evaluation of the trade offs associated with health protection versus ecological 
balance. 

5. The use of chlorobromination should be considered as a practical, cost­
competitive alternative to chlorination-dechlorination. However, additional informa­
tion concerning required residual levels and reaction by-products should be obtained 
through research. 

6. Either breakpoint chlorination of secondary effluent followed by dechlor­
ination, or ozonation of tertiary filtered effluent, should be evaluated for conceivable 
usage to suppress viral contamination of receiving waters. Information concerning 
the potentially adverse affects on public health from toxic reaction by-products 
must be developed for these methods. 

7. Tertiary treatment followed by ozonation or ultraviolet light irradiation 
should be considered in areas where protection of both public health and aquatic 
life are necessary. 

8. Currently, the most practical alternatives to conventional chlorination appear 
to be: 

A. Chlorination-dechlorination with 502 ;
 

'8. Bromine chloride;
 
C. Ozonation of filtered effluent, and 
D. Chlorine dioxide treatment of highly clarified effluent. 
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9. The most efficient treatment level possible must be applied t9 wastewater 
prior to the disinfection unit. In addition, pH adjustments and combinations of dis­
infectants may be used, such as the use of limited chlorination prior to chlorobromin­
ation, to reduce the bromine demand, or the use of ozone as post-treatment. 

10. The most precise methods available should be used to monitor disinfectant 
dosages and residuals, such as the lodometric-Amperometric techniques for TRC de­
terminations. The point at which samples are withdrawn from disinfection units for 
residual monitoring must be carefully chosen when disinfectants have only brief re­
siduals. 

11. Identification of specific pathogens should be made periodically in areas of TABLES 
high water-quality requirements and related to indicator test results. Both total and 
fecal coliform MPI\J values should be used to evaluate disinfection performance and 
receiving water quality. 
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TABIE 1 TABLE 2 

Noted Acute and Chronic Toxic Effects Possible AlteTIlate ~thods for Wastewater Disinfection 
of Basidual Chlorine en Aquatic Life (H-16) 

Measured 
Residual 

Species Effect Endpoint	 Chlorine 
Concentra­
tion (mg/l) 

Coho salJron 
Pink salJron 
Coho salJron 
pink salJron 
Coho salJron 
Brook trout 
Brook trout 
Brown trout 
Brook trout 

Brook	 trout 
Rainlx>w trout 
Rainl::ow trout 
Rainl::ow trout 
Trout fry 
Yellow perch 
Largerouth bass 
SmallIrouth bass 
White sucker 
Walleye 
Black bullhead 
Fathead minnow 
Fathead mirmow 
Fathead minnow 
Golden shiner 
Fish species 

diversity 
Scud 
Scud 
Daphnia ma.gna 
Protozoa 

7-day TLSO* 
100% kill (1-2days) 
100% kill (1-2days) 
Maximum nonlethal 
Maximum nonlethal 
7-day TLSO
Absent in streams 
Absent in streams 
67% lethality 

(4 days) 
Depressed activity 
96-hr TLSO 
7-day TLSO 
Lethal (12 days) 
Lethal ( 2 days) 
7-day TLSO 
7-day TLSO 
Absent in streams 
7-day TLSO 
7-day TLSO 
96-hr TLSO 
96-hr TLSO 
7-day TLSO 
Safe concentration 
96-hr TLSO 
SO% reduction 

Safe concentration 
Safe concentration 
Safe concentration 
Lethal 

0.083
 
0.08-0.10
 
0.13-0.20
 

O.OS
 
O.OS
 
0.083 
O.OlS 
O.OlS 
0.01 

0.005 
0.14-0.29 

0.08 
0.01 
0.06 
0.20S 
0.261 
0.1 
0.132 
O.lS 
0.099 

0.OS....0.16 
0.082-0.llS 

0.016S 
0.19 
0.01 

0.0034 
0.012 
0.003 
0.1 

1.	 Chlorination-:cec.hlorination 
a) Sulfur Carq;x:n,mds b ) Activated Carbon 

2.	 Ozonation 
a) Air Generated b) Oxygen Generation 

3.	 Other Halogens 
a) O1lorine Dioxide b) Bromine Cloride 
c) Branine d) Iodine 

4.	 Irradiation 
a) Ultra-Violet Light b) Ionizing Radiation 
c) High Frequency Sound Waves 

S.	 Miscellaneous 
a) Heat b) Acids-Alkalies c) Metal Salts 
d) Surface Active Carpounds 

*TLSO = median tolerance limit (SO percent survival) • 
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TABIE 5 TABIE 6 
Ieactions of Chlorine and Branine Fonns in Water Carparison (l=lcw, 5=noderate, lO=high) 

of the Relative Characteristics 
with Halogen Disinfection of Wastewater 

Relative 
Disinfection 
Characteristics Chlori.ne 

Halogen Disinfectants 

Iodine Branine Branine Chloride 

Note: X Represents Either Cl or Br 

Bactericidal 
Efficiency 

Viricidal 
Efficiency 

Cysticidal 
Efficiency 

High pH 
Efficiency 

IJ::Jw pH 
Efficiency 

canbined 
Residual 
Efficiency 

Necessary 
Contact 
Period 

7 

3 

2 

2 

7 

3 

7 

6 

4 

6 

6 

6 

N.A. 

8 

7 

3 

4 

7 

7 

5 

6 

8 

5 

4 

8 

8 

6 

5 

Temperature 
Effects 

6 4 5 5 

2. 

3. 
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TABLE 8 
conparison of the status · TABLE 7 

of Various wastewater Disinfecticn M=thods (1-20)Relatl.ve Evaluation (l=lcw 5=modeof V . ' rate, 10=high) 
of Alternate ~~l.~ O1aracteristics o of Wastewater Disinfection ~tic 

State-of 
the Art 

Health 
Effects 

Toxic 
Effects 

Ultra-
Relative 

Characteristics 
Chlorination-
Dechlorination 

Bromine 
Chloride OZonation 

Violet 
~ 

Ionizing 
Radiation 

0110rine 
Operational AssUIre 

Chlorinated 
High 

Bactericidal 6 6 7 8 6 
organics 

Efficiency 

Viricidal 
Efficiency 

5 6 7 8 7 
sodium Hypochlorite 

Operational Assume 
Chlorinated 
organics 

High 

Cysticidal 
Efficiency 

3 4 6 2 6 Chlorine/Sulfur Dioxide 
cperational AssUITe 

Chlorinated 
organics 

Residual 
Disinfection 

5 4 2 0 0 

Chlorine/Ccu:bon pilot Plant Assume 
Mi.niJral 

Toxicity of 
SecondaJ:y 
Reactants 

Pre-Treat.rrent 
Requirerent 

2 

4 

3 

4 

? 

7 

0 

8 

0 

2 

ozonejAir 

Ozone/OXygen 

Ultraviolet 

pilot Plant 

pilot Plant 

pilot plant 

tlnknOlID 

tlnknCJIID 

AsqUIre 
Minimal 

AsSUIre 
J.DN 

Energy 
Pequirerrent 

3 4 9 6 10+ 

Bromine O1loride 
pilot plant Halogenated 

organics 

Intenrediate 

Casts 4 4 7 5 10+ 

Ionizing Radiation 
pilot plant AssUIre 

Minimal 

40 
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TABIE 9 TABLE 10 
Estimated PCMer COl1SUllption for Prcx1uction Estimated Coots of Disinfection 

of Poosible Wastewater Disinfectants of Secondary Effluent Using C1l1orination (1974), (?:-20) 

Disinfectant
 

Chlorine*
 

Branine*
 

Iodine*
 

IN (10,000 micnvatt-sec/arf)
 

Ozone* (fran air)
 

GaImla Ray 
Accelerator 
(50,000 Rads) 

* Based on 8 mg/l oose 

Paver Consurrption 
for Production 
KWH/IOOO gallons 

0.06 

0.15 

0.15 

0.20 

0.30 

1.45 

(A) 

(1) 

(2) 

capital Costs 

Chlorine contact basin 
( 30 min. contact) 

Feeding and storage equiprrent 

$ 26,071 

34,617 

Total $ 60,688 

(B) Total Treatrrent Costs 
( ¢/1000 gal.) 

(1) 

(2) 

(3) 

Amortization (@ 5 7/8% for 20 years) 

O. & M., materials, 
labor and supplies 

Chlorine ( @16¢/ lb.) 

1.435 

0.740 

1.068 

Total 3.243 

*:r.esign Flav 1 MGD - 8 ng/l Dosage. 
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TABLE 11 TABLE 12 
Estimated Costs for Ded1.lorination for 1 KiD Estimated Costs of Post-Aeration Facilities 

of Seoondcn:y Wastewater Effluent That Will Provide 5 mg/l of Dissolved OXygen 
Using Sulfur Dioxide (1974), (1-20) in Secondary Wastewater Effluent (1974), (1-20) 

(A) capital Costs 

(1) Feeding and storage equiprrent $ 10,818 

Total $ 10,818 

(B) Total Treatnent Costs 
(¢/ 1000 gal.) 

(1) AIrortization (@5 7/8% for 20 years) 0.256 

(2) o. & M., materials, 0.232 
labor and supplies 

(3) Sulfur dioxide (@ 21¢/ *lb.) 0.438 

Total $ 0.926 

* 2. 5 ng/l Ibsage. 

(A) 

(1) 

(2) 

capital Costs* 

Aeration basin 

Diffused air system 

$ 13,229 

35,873 

Total $ 49,102 

(B) 

(1) 

(2) 

Total Treat.na1t Costs 
(¢/lOOO gal) 

Amortization (@ 5 7/8% for 20 years) 

O. & M., materials, 
labor and supplies 

1.161 

2.148 

Total 3.309 

* Based on a Dissolved OXygen oonamtration of 1 ng/l in 
the dechlorinated effl1EIlt. 
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TABLE 13 TABLE 14 
Estimated Costs of a Chlormation-Dechlorination Estimated Costs of Disinfection 

(S~) -Reaeration ProCESS for Disinfection of 1 MGD of Secondary Wastewater Eff1rent 
of Seoondary Wastewater Effluent, (I-20) Using an 8 mg/l Dooage of Branine Chloride (1974), (I-20) 

Capital 
Chlorination-Dechlorination $ (000) $ (000) 

Structure 376 
Equiprrent 674 

1,050 

Reaeration 
Structure 17 
Equiprrent 21 

38 
Total $1,088 

Q?erating ¢/1000 gal. 
Chlorination-Dedllorination 
Chemicals 3.32 
Supplies and Utilities 
o & M Labor 

0.30 
0.64 

4.26 
Reaeration 

Supplies and Utilities 0.07 
o & M Labor 0.64 

0.71 
Total 4.97 

Basis: 6 mgd plant, C12:NH3 feed rate = 9:1, 12 mg/l NH3 

(A) Capital Costs 

(1) Contact basin $ 26,071 
(30 min. contact) 

(2) Feeding and storage 34,617 

Total $ 60,688 

(B) Total Treatment Costs 
(¢/1000 gal.) 

(1) Arrortizaticn (@ 5 7/8% for 20 years) 1.435 

(2) o. & M., materials 
labor and supplies 0.740 

(3) Bromine chloride (@ 35¢/lb.) 2.335 

Total 4.510 
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TABLE 16TABLE 15 
Estinated Costs of DisirifeCtion for 1 MGDEstimated Costs of Disinfection of 1 M'iD 

of Tertiary Wastewater Effluent Using an 8 Irq/I Ibsage
 
of Ozone Produced from Electrical Discharge
 

in Atnospheric Air (1974), (1-20)
 

(A) capital Costs 

(1) Ozone generating units	 $ 111,468 

(2) Ozone contacting unit	 23,379 

(3)	 Engineering, piping, land and 47,196 
interest costs during construction 
( @ 35% of construction costs ) 

Total	 $182,043 

(B)	 Total Treatrrent Costs 
(¢/1000 gal) 

(1) Amortization ( @5 7/8% for 20 years) 4.305 

(2)	 0. & M., materials, 1.784 
labor and supplies 

(3) Paver costs ( @ 12 kw-hr/lb 03 used) 1.201 

Total	 7.290 

of Tertiary Wastewater by Ozonation,
 
Using an 8 Irq/I Dosage of Ozrne Produced
 

from Electrical Discharge in Pure OXygen (1974), (I-20)
 

(A) capital Costs 

(1) Ozone G:nerating unit	 $ 55,743 

(2) Ozone contacting mit	 23,379 

(3) Oxygen storage tank	 26,402 

(4)	 Engineering, piping, land and 36,930 
interest during construction 
( @ 35% of construction costs 

'Ibta1	 $142,445 

(B)	 Total Treatnent Costs 
(¢/1000 gal) 

(1) Arrortization ( @ 5 7/8% for 20 years ) 3.368 

(2)	 0. & M., nateria1s, 1.784 
labor and supplies 

(3) Paver costs (@ 5 kw-hr/ lb 03 used) 0.500 

(4) Liquid oxygen (@ 4.6¢/lb)	 0.920 

Total	 6.572 

48	 49
 



I 

-
~ 
M 

e 
..
 

I
+J 

~
 
$-I 
P-I 

8' 
"~ 

"S 
i
 
til 

~
 
P-I 

~J
 
~ ~ 
~8 
E4 <U 

6 
N 

4-l"
0 

~ 
til 

8 
8' 

'r-! 

~ 
&
 
~ 
til 
+J 

~ 
U 

cd 
+l
.r-! 

~
 

til 

~ 
r--I 

tB 
§ 

"r-!
r--I 
r--I 

"f 
$-I 

~ 
r--I 
r--I 

8 

i
 
0 
0 
r--I 

i
 
~ 

~
 

~I
 

0 
0 
0 ..
 
0 
M 
r--I 

0 
0 
0 ..
 
["­
N
 
N
 

0 
0 
0 ..
 
0 
~ 
~ 

~ 
til 
0 
u 
r--I en 
+J 
'r-! 

f& 
() 

~ 
~ 
U 

.r-! 
8 
tJ 
$-I 

&
 

00 

r--I· 
M 

["­

L()· 
L() 

N 

00· 
0 
r--I 

el 
:>1 

L() 
r--I 
I 

0\° 
qt 

s:: 
0

.r-! 

tJ 
N

.r-! 

~
 

r--I 

0 · 
M 

M 

["-· 
M 

L() 

qt 
qt 
·
 

$-I 

~ 
P-I 

0 

r--I· 

N 

11")· 

N 

r--I· 
L() 

~
 

N 

r--I· 

0 

N· 

0 

qt ·
 

~
 
~
 s:: 

~ 

0 

0"1· 

00 

["-· 
r--I 

0 

qt ·
 
N 

~ 
~ 

qt 

r--I· 
M 

qt 

r--I· 
M 

qt 

r--I· 
M 

r--I 

~
 
N 
M 
r--I 

~
 
~ 

~ 

00· 

qt 

00· 

qt 

00 ·
 

1"""1 

g
 
M 
~ 

rob
.r-! 

~ 

0"1 

r--I· 
r--I 
r--I 

00 

["­
L() 
·
 

r--I 

["­

n· 
["­
N 

~ 
~ 
U 
Q\ 
s:: 
'j 
~ 

&
 
r--I 
n1 
+J 
0
8 

N ·
r--I 
r--I 

00 
~ 

L() 
r--I 

N 

["­

N 
·
 

r--I·
IU 
0" 

0 
0 
0 ..
 
r--I 

$-I 

& 

~ 
~ 

~ 
~ 
U 

0"s::
.r-! 

1a 
J..:I 

&
 

TABIE 18 
Estimated Costs of an Ozonation Proo=ss for Disinfection 

of a ~an Daily Flew of 14 M:;D of Tertia:ry Effluent, (C-34) 

capital Costs	 $ (000) 

Ozone generators (585 lb./d, air feed) 150 
Conpressor/dryer @ 27% of ozone generator 40 
Oxygen storage tank (1ST) 20

A	 Contactors (installed) 160 
Building @ $25/sq. ft.'I	 38 
Controls 25 
Installation (piping) 50 
Engineering & contingencies 32 

Total	 515 

Direct cperating Costs	 ¢/1000 gal. 

Ozone generators @ f\J8. 0 kwh/. b. ozone 0.51 
Carpressor/dryers @ 3.5 kwh/lb. ozone 6.21 
OXygen, l35T/ yr. @ $30/T (including 0.11 

usage and evaporation loss) 
Operation and maintenanCE 0,.24 

Total	 1.07 

,.\ 
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T.ABLE 21
 
Conparisan of the Estimated Costs
 

of Altemate Disinfection ~thOOs Applied
 
to Secondary Wastewater Effluent (1973), (I-20)
 

PLAN!'. SIZE, M:;D 1 

CAPITAL CDST $1000 

ProcESS 

Chlorine 60 
Chlorine! S02 70 
Chlorine! ~ration
 
Chlorine!
 
Ozone! Air*
 
Ultraviolet*
 
Brani.ne Chloride
 

Activated Sludge 

DISINFEX::l'ICN CDST 

PRO:ESS 

Chlorine 
Ch1orine!SO 
Ch1orine!SO~/Aeration 
Ch1orine!Caman
 
Ozone/Air
 
Ozone!OXygen*
 
U1travio1et*
 
Brani.ne Chloride
 

Activated Sludge 

120 
640 

190 
70 
50 

1,450 

¢! 1000 Gal. 

3.49 
4.37 
7.66 
19.00 
7.31 
7.15 
4.19 
4.52 

55.90 

Tertiro:y treat:nent stage is not inc1trled in these costs.* 
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$1000 

190 
220 
360 
2,800 
1,070 
360 
130 

5,790 

100 

$1000 

840 
930 

1,580 
8,400 
6,880 
1,780 

410 

39,800 

¢/1000 Gal. ¢!1000 Gal. 

0.70 
0.89 
1.19 
3.28 
2.84 
2.36 
2.27 
2.65 

14.00 

1.42 
1. 75 
2.39 
8.60 
4.02 
3.49 
2.70 
3.'04 

20.20 
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TABIE 26 

TerrIE Encountered in the l£asurerrent of Ionizing Radiation 

A.	 Definition of Radioactivity: Certain atoms are radioactive
 
i.e., their nuclei are unstable and emit energetic
 
particles, pulses of energy, or both in a process known
 
as radioactive decay which continues until the nuclei
 
reach a stable state~ This process may occur in a
 
natural state or may be artificial i.e., influenced
 
by man.
 

B. Types	 of Radioactive Emissions 

1.	 Alpha Particles: Identical to helium nucleus in structure, 
a plus two positive charge and an atomic mass of 4 
(two protons) and two neutrons), the least penetrating 
type of radiation, can be stopped by a few centimeters 
of air or a thin piece of paper. 

2.	 Beta Particles: Similar to an electron with negligable mass 
and a negative charge of minus one, approximately 100 
times the penetrating power of Alpha Particles, re­
quire a few millimeters of aluminum to stop them, 
emission from nuclear structure results in neutron 
changing to proton. 

3.	 Gamma Rays: Similar to X-rays in that they apparently are 
uncharged pulses of electromagnetic radiation that 
move with the speed of light and possess very short 
wavelengths of .001 to 1.0 Angstroms. Only stopped 
by several inches of lead plate. 

C.	 Measurement: Quantity of radiation is measured by the number
 
of emissions that take place in a unit of time.
 

1.	 Curie: The most widely used unit of radioactivity. The 
modern standard value is 3.7 x 1010 emissions per 
second, which is the rate of disintegration of one 
gram of radium. 

2.	 Specific Activity: Curies per gram of weight of substance 

Ex.	 1 Curie of (Cobalt) 60 ~eighs 0.9 milligrams 
1 Curie of (Uranium)23 weighs two metric tons 

3.	 Roentgen: Measures relative magnitude of exposure to X-rays 
and Gamma radiation. The Quantity of X - or Gamma 
Radiations which will form 1.61 x 101 2 ion pairs 
when absorbed in 1 gram of air. The absorption of 
one roentgen results in the release of about 87 ergs 
of energy per gram of air. 

Table 26 (can't) 

4.	 RAD: The absorbed dose of any nuclear radiation which is 
accompanied by the liberation of 100 ergs of energy per 
gram of absorbing material. 

Roentgens	 and RADS are equivalent for Gamma Radiation 
of water. 

5.	 Relative Biological Effectiveness (RBE): The ratio of the 
absorbed dose (RADS) of Gamma Radiation (of a specified 
energy) to the absorbed dose of the given radiation 
required to produce the same biological effect. 

Ex.	 If an absorbed dose of 0.2 RAD of slow neutron 
radiation produces the same effect as an absorbed 
dose of 1.0 RAD of Gamma Radiation: 

l.0 
Slow Neutron RBE = ~ 5 

6.	 Roentgen Equivalent Man (REM): Indicates the extent of 
biological injury and is determined from the following 
formula: 

a)	 Dose in RE}lli = (RBE) x (Dose in RADS) 

b)	 Natural background radiation varies from 100 to 
200 millirems depending on elevation. 
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