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I. INTRODUCTION

When the National Interim Primary Drinking Water Regulations were
promulgated late in 1975, it was estimated that there were about 40,000
community water systems (see Appendix A). Of this total more than 37,000
community systems each served 10,000 or fewer people. Thus, the vast
majority of community water systems would be considered small water systems
(capacities less than about 5700 m3/day or 1.5 mgd). A previous study [1]
provided technical and economic information for the approximately 3000
community water treatment systems with capacities in excess of 3800 m3/day
(1 mgd).

An economic analysis [2] indicates water systems serving 25-99 persons
will need to spend a total of $6.2 — $9.1 million per year on monitoring,
capital investment, operation, and maintenance to meet the National Interim
Primary Drinking Water Regulations. An equivalent figure of $109.4 — $151.3
million has been estimated for those systems serving from 100 to 9999 persons.
The economic impact on a specific system will depend on the degree of
treatment required to meet the regulations.

A. PURPOSE

This report is a planning tool which provides information on small water
tréatment systems. The content of this report is directed to the governing
bodies responsible for the small water treatment systems so that they can
better understand what is required of them by the National Interim Primary
Drinking Water Regulations regarding treatment of their water and the related
costs. It is directed to the water plant operator or city engineer to assist one in
understanding what can be expected of various treatment processes with regard
to meeting the maximum contaminant levels (MCL) specified in the regulations.
“Maximum contaminant level” is defined as the mmaximum permissible level of a
contaminant in water when measured at the customer’s tap. An exception is
turbidity where the maximum permissible level is measured at the water’s point
of entry to the distribution system. Finally the report is directed to consulting
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engineers to assist them in planning for new and/or improved water treatment
systems. The report will provide the engineer with treatment techniques, design
parameters and cost information in regard to meeting the various MCL’s.

B. SCOPE

The state of the art of water treatment for small water systems to
meet the drinking water regulations is presented in this report. The plant
capacities considered range from 230 .m3/day (60,000 gpd) to 5700
m3/day (1.5 mgd), serving a population of 25 and 10,000 respectively.
Discussion of water supply sources compares ground and surface water sources
and covers means of protecting these sources from contamination. The MCL’s
included in the regulations are presented along with applicable treatment
" techniques and their efficiencies. Unit processes for the treatment of water are
discussed and general design parameters have been compiled for each process.
These processes include disposal of the treatment plant wastes and laboratory
facilities required to monitor the treatment processes. Examples of conventional
water treatment processes for turbidity removaly iron re;noval, ‘Chemical
softening (heavy metal removal), and ion exchange softening are explained. ln
addition commercially available water treatment package plants are described.
Graphs of capital, operation, and maintenance costs show the costs for each
unit process and also for package plants. Examples of how to use the graphs
have also been provided to assist the user.
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II. WATER SOURCES

A variety of sources including surface water, grcund water and
combinations of surface and ground water are used as water supply for small
' water treatment systems. The selection of a supply source is depe.ndent upbn
availability, quality and quantity of water. Consideﬁng the small community
water systems, probably the majority use ground water as the source. The
reasons for this will be discussed subsequently.,

A. SURFACE WATER

Surface water sources include rivers, streams, lakes and reservoirs. Surface
water is generally available- across the United States except in the Southwest
where surface waters have high total dissolved solids (some are over 1000 mg/1)
[1]. These surface waters are generally unsuitable for potable water supply
without extensive treatment. Surface waters require at least turbidity removal
and disinfection before use as potable water. In some areas of the country,
particularly the Midwest and Western areas, the hardness of the surface waters
is high enough to require softening. The dissolved oxygen in most surface
waters prevents problems associated with iron, manganese, and hydrogen
sulfide. The bottom levels of some lakes and reservoirs may contain soluble
iron. or manganese or hydrogen sulfide, but these contaminants can be avoided
by taking water with dissolved oxygen from a higher elevation in the body of
water using multilevel intakes. Other surface waters can exhibit special
problems with tastes, odors, color, inorganic contaminants, or pollution related
contaminants such as pesticides. River water presents ad_ditional treatment

complications due to seasonal variations in turbidity, mineral content, industrial
and sanitary waste discharges and other surface water related problems discussed
previously.

Very little protection can be given to some surface water sources. Gross
pollution of rivers and lakes can be prévented by the control of waste
discharges. Multipurpose reservoirs can receive some protection by proper
placement of adequate sanitary facilities. Single purpose water supply reservoirs
can be protected by prohibiting or controlling access to the reservoir watershed.
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B. GROUND WATER

Ground water is generally available from wells throughout the United
States and from springs in some areas. The quality of ground water varies from
water needing only disinfection to water needing extensive treatment for
removal of total dissolved solids. Ground water can also require softening due
to the hardness content. Ground water can contain other substances such as
iron, manganese, hydrogen sulfide, carbon dioxide, radionuclides and inorganic
confaminants, particularly fluoride and nitrate. Treatment must be provided for
each of these if the substances exceed the established limits. Ground water
quality is generally constant and should not contain pesticide contaminants.
Since ground water is generally accessable and usually requires little treatment,
it is usually used as the water supply source for small systems.

Ground water sources can usually be protected by proper well
construction and maintenance. Prior to construction the well should be
properly located and during construction the well should be protected and
properly cased to prevent pollution.

C. COMBINATIONS OF SURFACE AND GROUND WATER

When combinations of surface and ground water are used, the purpose is
usually to provide an adequate quantity of water. However, some combinations
are used to enhance the quality of the water. In very cold weather surface
water may be supplemented with ground water to raise the temperature of the
combined water and speed chemical reactions. In other instances a combination
of surface and ground water might be used in a split treatment softening
process. For most small systems a combination of surface and ground water
would not be economically justifiable. .

D. ALTERNATIVES TO TREATMENT

Although most small water systems are in somewhat isolated locations,
some are located near larger systems or close to each other. For these small
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systems a regional water system may be an attractive alternative to extensive
treatment for an individual system. Economies of scale dictate a large regional
systern for those waters requiring significant degrees of treatment.

Another possible alternative for some small systems might be switching
water supply sources. A system using a surface water might be able to switch
to a ground water source requiring less treatment. Similarly, a system using
ground water might consider a surface water source or another ground water
aquifer in the area. ' -
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OI. WATER QUALITY REQUIREMENTS

The primary goal of a water treatment plant is to furnish water safe for
human consumption. A second basic objective is the production of water that
is appealing to the consumer. Quality guidelines are needed in order to evaluate
the suitability of water for public supply purposes. The United States
Environmental Protection Agency (USEPA) has developed primary and
secondary drinking water standards to replace the United States Public Health
Service Standards. Primary standards are based on dangers to health and they
are legally enforceable. If primary regulations are exceeded, either additional
treatment or an alternative water supply source is required to protect the
health of those persons using the water. Secondary regulations are based on
aesthetic considerations and are not enforceable by the USEPA, but may be
enforced by the States. Violation of these aesthetic standards should be
avoided, if possible, to discourage the consumer from turning to some other,
unsafe water.

A. NATIONAL INTERIM PRIMARY DRINKING WATER REGULATIONS

The USEPA has published National Interim Primary Drinking Water
Regulations (Federal Register, Vol. 40, No. 248, December 24, 1975 & Vol. 41,
No. 133, July 9, 1976, see Appendix A) which became effective in June 1977.
These prim.arif' stax}.dards‘ -constitute legal requirements for public supplies,
because they deal {VIHI substances which are hazardous to health. The fact that
standar\ds" are to be periodically reviewed and can be amended and revised by
the USEPA must be considered in determining the need for treatment of a
particular water supply.

The primary regulations include standards for inorganic and . organic
chemicals, turbidity, coliform bacteria and radionuclides. It is of importance
that the applicable stéf)ddrds are met at the customer’s fap except the turbidity
standard which must be met at the point of entry into the distribution system.
Therefore, production of water that does not incur contamination from the
distribution system' is necessary.
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The process removal percentages presented for the various contaminants in
the following sections are for a single pass through the process. If a single pass
will not reduce the contaminant to the required MCL, then multiple stages of
the same process or two or. more processes in series might be used.

1. Inorganic Chemicals

A discussion of the significance, possible sources, and processes applicable
to small public water systems for the removal of each inorganic substance for
which limits have been established is included in the following paragraphs.

a. Arsenic. Arsenic is highly toxic and the ingestion of as little as
100 mg can result in severe poisoning.{1] The maximum contaminant level for
arsenic is 0.05 mg/l. The occurrence of arsenic in the environment is due
mainly to natural deposits of the metalloid and to its extensive use in
pesticides. Other sources of contamination include manufacturing processes
such as tanning, dye manufacture and lead shot manufacture and to its use as a
wood preservative. The arsenic concentration of most treated drinking water
supplies in the United States ranges from less than 0.03 to 0.10 mg/l1.[2]
High concentrations of arsenic compounds have K been found to occur
naturally in some waters of the Western United States.

Selection of a treatment method for arsenic removal is dependent on
valence form and initial concentration of the arsenic. The two common valence
forms are arsenite and arsenate. Also called arsenic III (this indicates a valence
of +3), arsenite is a naturally occurring substance and is usually found only in
ground :water. Arsenic V (this indicates a valence of +5), or arsenate, can be
found in ground water as a naturally occurring substance and in surface water
as both a natural and industrial pollutant. In water, both valence forms exist in
a relatively insoluble state, except as the sodium or potassium salts.

Various treatment processes will remove arsenic from drinking water.

Table 1 [3, 4] lists unit processes and per cent removals of arsenic for each unit
process.
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Table 1
PROCESSES FOR ARSENIC REMOVAL

Unit Process* Per Cent Removal

Coagulation, Sedimentation, :
and Filtration 30-90

Lime Softening ' 60-90
lon Exchange** ' 55-99
Electrodialysis* x 80
Reverse Osmosis*** 90-95
Adsorption (Alumina) ' 99

*Additional process information is discussed in the text follow-
ing this table.
**Anion exchange resin.
***Predicted but not experienced. [3]

Laboratory experiments and pilot plant studies have shown ,that for
coagulation and lime softening, arsenic removals are dependent on the pH of
the water, coagulant dose and initial arsenic concentration. The following
results [5] were observed during these studies and experiments: '

1. Arsenic I removal
Chemical coagulation or lime softening can achieve adequate removals
of arsenicIll, if the arsenic concentration is only slightly above the MCL.
Otherwise, oxidation of arsenic III to the arsenic V form is necessary

before treatment. Use of oxidants such as ozone and potassium
permanganate will be effective on arsenic 11l. The use of chlorine as

an oxidant tor arsenic Il removal is not advisable as chlorine can
react with certain organic materals to produce chloroform and other

trihalomethanes.

2.  Arsenic V removal

a. For initial arsenic concentrations less than 1.0 mg/l, coagulant
dose (alum or ferric sulfate) of 20 to 30 mg/l and pH between
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5.0 and 7.5, arsenic removals of greater than 90 per cent were
achieved.

b. For initial arsenic concentrations greater than 1.0 mg/l and other
conditions as above, arsenic removals decreased as initial
concentration  increased. Larger doses of coagulant, however,
achieved higher removals.

¢.  For initial arsenic concentrations up to 10 mg/l and pH of 10.8
and above. lime softening can achieve 95 per cent removals.
Below a pH of 10.8, removals decreased to about 30 per cent as
the pH decreased to 8.5.

Ferric chloride and ferrous sulfate have also been used successfully as
coagulants for arsenic removal.[3]

b. Barium. Drinking water should not contain barium in concentrations
exceeding 1.0 mg/l because of the toxic effects it has on the heart, blood
vessels and nerves.[l1] Barium may be found in some ground waters and in
runoff fromi areas where barite and witherite are mined. Industrial applications
of barium and its salts include metallurgy, paint manufacture, ceramic and glass
manufacture and other processes. Wastes from these plants may contain
significant levels of barium contamination. Barium concentrations ranging from
0.0 to 1.55 mg/l have been found in United States treated water supplies.[2]
In addition, several cities and subdivisions have been identified by the State
of TIllinois EPA as using well water sources with barium concentrations
greater than the MCL; the highest concentration found was 10 mg/l.[6]

A number of treatment methods can effectively remove barium from
drinking water as shown in Table 2.[3, 5]

Studies have shown that lime softening is capable of achieving 90 per cent
barium removal if the pH is between 10 and 11 and if the initial barium level is
approximately 17 mg/l or less.[5] Below and above this pH range, removals
decreased. Conventional coagulation is not recommended for barium removal
unless the barium concentration is only slightly above the allowable maximum
of 1.0 mg/l. Removals of only 20 to 30 per cent were achieved even when
coagulant doses of 120 mg/l were used.
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Table 2
PROCESSES FOR BARIUM REMOVAL

Unit Process* Per Cent Removal
Excess Lime Softening 90
Reverse Osmosis** 90-97
Ion Exchange 95
Electrodialysis®* 80

*Additional process information is discussed in the text
following this table.

**Predicted but not experienced. [3]

Conventional ion exchange softening treatment can very effectively remove
barium from water. As a result of the similarity in behavior of hardness and
barium in ion exchange treatment, the hardness test can be used to monitor
barium during treatment. When blending is used, caution should be exercised to
prevent excessive barium levels in the finished water.

¢. Cadmium. Current evidence indicates that cadmium is biologically a
nonessential, nonbeneficial element of high toxic potential.[1] Poisoning from
cadmium-contaminated food and beverages has been documented; ingestion of
cadmium has been associated with hypertension. Cadmium may leach from
galvanized pipes or fixtures used in a water supply system. Only minute traces °
of cadmium are found in ground water. However, high concentrations may be
found in surface waters as a result of wastes from the following industries:
electroplating, pesticides, photography, metallurgy and ceramics.

In. water supply systems, cadmium has been found in concentrations
ranging from less than 0.02 mg/l to 3.94 mg/L.[2] The maximum allowable
level of cadmium in drinking water supplies is 0.010 mg/l. Selection of a
treatment method depends on whether the cadmium to be removed is soluble
or insoluble. Table 3 [3,5]lists unit processes for removal of both insoluble
..and soluble forms. The chloride, nitrate and sulfate compounds of cadmium
are highly soluble in water, but the carbonate and hydroxide compounds are
insoluble.
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Table 3
PROCESSES FOk CADMIUM REMOVAL -

Unit Process*® - Per Cent Removal

Removal of soluble forms of cadnﬁum:

Reverse Osmosis** 90-98
Ion Exchange** ' ‘ . 95
- Electrodialysis** - ‘ , 80

Stabilization*** - . : 100

Rem_b?a_] of insoluble forms of cadmium:

Coagulation, Sedimentation and Filtration 20-90

Lime Softening o 98

*Additional process information is discussed in the text following this table.
**Predicted but not experienced. [3]

**x Applies only to prevention of corrosion of galvanized piping materials in the
distribution system.

Studies have shown that lime softening is effective if the pH is 8.5-11.3.
Cadmium removals by coagulation are also dependent on pH with the removal
efficiency increasing with increased pH.[5] Based on laboratory studies,
coagulation using ferric sulfate has been more effective than using alum. If the
pH is increased to greater than 7.5, soluble forms of cadmium will form
insoluble compounds and can be removed by coagulation or lime softening as
outlined above.

d. Chromium. Chromium exists in two common valence forms; III and
VI. Chromium is toxic to humans, particularly in the hexavalent state (VI). It
can produce lung tumors when inhaled and is a potent sensitizer of the skin.[1]
The maximum contaminant level for chromium has been set at 0.05 mg/l.

Sources of chromium contamination in drinking water are- largely the

result of industrial pollution. Chromium salts are used in the metal finishing
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industry, in the tanning industry and the manufacture of paints, dyes,
explosives, ceramics, paper and many other substances. Chromium compounds
may- also be present in the discharge of cooling waters where the water has
been treated with chromium to inhibit corrosion. The chromium concentration
of most treated drinking water supplies ranges from 0.0 to 0.079 mg/l. {2)

If treatment for ¢hromium removal is required, the form of chromium,
whether soluble or insoluble, should be identified prior to selection of the
treatment system. Chloride, nitrate and sulfate salts of trivalent chromium are
readily soluble; however, the hydroxide and carbonate compounds are
insoluble. Of the hexavalent salts only sodium, potassium and ammonium
chromates are soluble. The corresponding dichromates are also quite soluble.
Table 4 [3, 5] lists unit processes for the removal of both insolublé and soluble
forms.

Table 4
PROCESSES FOR CHROMIUM REMOVAL

Unit Process* " Per Cent Removal

Removal of soluble forms of chromium:

Reverse Osmosis** ' 90-97
Electrodialysis** - ' 80
Ion Exchange** ' 95 .

Removal of insoluble forms of chromiufn II1:

Coagulation, Sedimentation, }
and Filtration . _ 78-98

Lime Softening 70-98

Removal of insoluble forms of chromium VI:

Coagulation, Sedimentation, '
and Filtration 10-98

Lime Softening 10

* Additional process information is discussed in the text following this table.

**Predicted but not experienced.[3]
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Removal of insoluble chromium II! can be achieved by alum or iron
coagulation or by lime softening. Studies have shown that pH has only a slight
effect on removals by alum and iron coagulation. Lime softening removals,
however, decrease as the pH drops below 10.6.

Insoluble chromium VI is more difficult to remove by conventional
treatment than insoluble chromium III. Laboratory studies showed that alum
-coagulation and lime softening o_btai\ned only IDber cent removal and ferric
sulfate coagulation at best removed 35 per cent of chromium VI. Ferrous
sulfate coagulation, however, achieved removals of 98 per cent.[5] -

Chlorination prior to treatment for chromium removal is not recom-
mended because of the possible oxidation of chromium III to chromium VL. If
chlorination before treatment for chromium removal is necessary, ferrous
sulfate is recommended as a coagulant. Prechlorination is also not advisable as
chlorine can react with certain .organic materials to produce trihalomethanes.

e. Fluoride. While fluoride is added to some watér supplies to aid in
prevention of dental caries, some communities have the problem of excessive
amount of natural fluoride in their raw water. Excessive fluoride in drinking
water suppl.ies produces dental fluorosis.[1] This mottling of the teeth increases
with increasing fluoride concentration. o

Only a few regions in the United .States-contain large deposits of
fluoride bearing rock. Fluorides in high concentrations are not common in’
surface waters, but may occur in detrimental concentrations in ground water.
Fluorides are used as insecticides, disinfectants, in steel manufacture, for
preserving. wood, and in the manufacture of glass and enamels. Although they
are not hormq}ly found in industrial wastes, fluorides may be present as a
result of accidental spillage. Fluoride will be introduced to surface water by
communities which practice fluoridation and then discharge sanitary wastes to
a surface water.

The samount of water, consequently the amount of fluoride, ingested by
people in a given community is primarily a function of air temperature.
Depending on the annual average air temperature, the maximum allowable
level of fluoride ranges from 1.4 to 2.4 mg/l. (Refer to Appendix A for
specific allowable levels of fluoride.) Fluoride has been found in water supply
systems in concentrations ranging from less than 0.2 mg/l to 8.0 mg/L[2, 7]
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Communities with excessively high natural fluoride levels can utilize any of a
variety of defluoridation processes. Processes for fluoride removal are listed in
Table 5.[3] ' ‘

Table 5

PROCESSES FOR FLUCRIDE REMOVAL

Unit Process* Per Cent Removal
Reverse Osmosis** 90-97
Electrodialysis** 80
Ion Exchange/Adsorption** 95
Excess Lime Softening = ) 30-70

*Additional process information is discussed in the text
following this table.

*+Predicted but not experienced.[3]

The method most commonly used for fluoride removal is the ion
exchange/adsorption process using either bone char or activated alumina as the
exchange resin. Bone char readily removes bothr fluoride and arsenic; however,
arsenic can interfere with fluoride removal when using bone char. Investigations
showed that bone char which had adsorbed arsenic could not be regenerated.[4]
Activated alumina, however, is readily regenerated when both fluoride and
arsenic are removed. Therefore, activated alumina is the recommended medium to
use for fluoride removal if the raw water contains both fluoride and arsenic.

Where excess lime softening is used for ‘treatment_of high magnesium
water, it has been demonstrated that fluoride is removed by coprecipitation with
magnesium hydroxide.[8] Fluoride removal is directly related to the amount of .
magnesium removed. This is indicated by the range of per cent removals in
Table 5, If excess lime softening i's to be used for fluoride removal, raw water
quality may require the addition of> magnesium to achieve adequate reduction
of fluoride.

f. Lead. Drinking water should not contain lead in concentrations
exceeding 0.05 mg/l. Excess lead is a serious health hazard especially in
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children. Lead poisoning in children can cause brain damage and kidney damage
sometimes resulting in death.[1] The most likely sources of lead pollution are
industrial and mining effluents. Natural waters have been known to contain as
much as 0.4 to 0.8 mg/l of lead, but this situation is rare. Another source of
lead contamination is lead pipe used for wéter'supply systems. If contamination
is due to lead pipes, the best method of control is pipe replacement. Where
replacement of the piping system is not practicable, pH control and
stabilization is the alternative. Concentration of lead in finished drinking water
supplies ranges from 0.0 to 0.64 mg/L.[2]

Lead concentrations in water can be removed by the treatment methods
listed in Table 6.[3, 5] Selection ofa treatment method is dependent on the
form of lead, whether soluble or insoluble. The carbonate and hydroxide
compounds of lead are insoluble; the sulfate and various other lead salts are
soluble.

Table 6

PROCESSES FOR LEAD REMOVAL

Unit Process® ' Per Cent Removal

For removal of soluble forms of lead:

Reverse Osmosis** 90-99

Electrodialysis** | 80
lon Exchange** 95
‘Stabilization®** ' o 100

For removal of insoluble forms of lead:

Coagulation, Sedimentation,
and Filtration . 80-97

Lime Softening 98

*Additional process information is discussed in the text following this table.
**Predicted but not experienced.[3]

***Applies only to prevention of corrosion of lead piping materials in the
distribution system.
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- Insoluble forms of lead are the most common, therefore conventional
treatment methods of coagulation, sedimentation and filtration, or lime
softening will usually be adequate for lead removal. Laboratory studies showed
that ferric sulfate is a more effective coagulant than alum in removing lead.{5]

] g. Mercury. Exposure to mercury and its compounds poses a serious
threat to man’s health. Continued ingestion of small concentrations of mercury
or a one.time ingestion of a larger amount can damage the brain and central
nervous system.[1] The maximum allowable level of mercury in drinking water
is 0.002 mg/l. Most water supplies in the United States do not contain mercury
or any of its compounds. Studies indicate that mercury in the United States
treated water supplies varies in concentration from 0.0 to 0.033 mg/1.[2]

JIndustrial and agricultural applications are the most likely source of
mercury contamination. Mercury compounds are used in explosives, antiseptics,
printing, electroplating, herbicides and fungicides. Mercury may occur in either
the inorganic or organic form. The organic form is more important as it is the
more toxic form, the form most likely to be found in water, and the more
difficult form to remove by conventional treatment.[5] In order to. select the
proper treatment method, the form of the mercury contaminaht, organic or
inorganic, should be determined. Listed in Table 7 [3,5] are treatment methods
for mercury removal.

Inorganic mercury removals using coagulation, sedimentation and filtra-
tion, or lime softening are dependent on pH of the water.[5] It has been
reported th_at ferric sulfate coagulation achieved 66 per cent removal at pH 7
and 97 per cent removal at pH 8 for a dosage of 18 mg/l on water containing
0.05 mg/l of inorganic mercury. Alum coagulation is less effective; removals of
74 per cent at pH 7 and 38 per cent at pH 8 have been shown. Also, as the
turbidity increases, removals by coagulation increase.

Lime softening is moderately effective for inorganic mercury removal,
depending on the pH of the water. Studies have shown that in the 10.7 to
11.4 pH range removals were 60 to 80 per cent, but only 30 per cent was
removed at-pH 9.4.
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Table 7

PROCESSES FOR MERCURY REMOVAL

Unit Processes*® Per Cent Removal

For removal of inorganic forms of mercury:

Coagulation, Sedimentation,

and Filtration 38-97
Lime Softening _ 3080
Granular Activated Carbon less than 80
Ion.Exchange 95-98
Reverse Osmosis** 90-97
Electrodialysis** | 80

For removal of organic forms of mercury:

Coagulation, Sedimentation,

and Filtration. 30-85
Granular Activated Carbon greater than 80
Ton Exchange 7 95-98
Reverse Osmosis** 90-97
Electrodialysis™* 80

*Additional process information is discussed in the text following this table.
**Predicted but not experienced.[3)

Activated carbon has been studied for inorganic mercury removal
Powdered activated carbon will increase removals above that obtained with
coagulation alone. However, doses required to produce significant increases are
much higher than normally used for taste and odor control. Granular activated
carbon was found to be fairly effective although removals are dependent on
contact time and amount of water treated. Inorganic mercury removals of
approximately 80 per cent have been achieved for 15,000 bed volumes of water
(a bed volume is equal to the volume of activated carbon used) with
3.5 minutes contact time on water containing 0.020 to 0.029 mg/]l of mercury.
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Several preliminary experiments indicate that the ion exchange process
should be an effective method for inorganic mercury removal. These studies
showed that as much as 90 per cent of inorganic mercury can be removed by

cation and anion exchange resins in series.

Organic mercury is more difficult to remove from drinking water, by
conventional treatment methods, than inorganic mercury. Laboratory experi-
ments and pilot plant studies have shown alum and iron coagulation to achieve
lower organic mercury removals than inorganic mercury under the same test
conditions. Lime softening was also studied and found to be ineffective for
organic mercury removal.

Both powdered and granular activated carbon are effective for organic
mercury removal. Approximately 1 mg/l of powdered activated carbon is
required for each 0.0001 mg/l of mercury to be removed from water to reach a
residual level of 0.002 mg/l. Removal of organic mercury using granular
activated carbon was found to be dependent on contact time and amount of
water treated, similar to that found for inorganic mercury. Organic mercury
removals of approximately 80 per cent have been achieved for 25,000 bed
volumes of water with 3.5 minutes contact time on water containing 0.020 to
0.029 mg/l of mercury.

Preliminary studies cartied out on ion exchange for organic mercury
removal indicate results similar to those for inorganic mercury. Removals of

98 per cent were achieved using cation and anion exchange resins.

h. Nitrate. Nitrate in drinking water can cause a temporary blood
disorder in infants called methemoglobinemia (blue baby). Serious and
occasionally fatal poisonings in infants have occurred following ingestion of
waters containing nitrate concentrations greater than 10 mg/l {as nitrogen).[1]
Thus the maximum allowable level of nitrate in drinking water is 10 mg/] {as
nitrogen). This is equivalent to 45 mg/l of the nitrate ion (NO3). Studies
indicate that nitrate in treated water supply systems varies from 0.02 to
28.2 mg/l (as nitrogen). [2] '
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Ground waters may acquire nitrates by percolation in areas using nitrate
fertilizers and by cesspool leachings. In addition, nitrates may be added to a
surface or ground water that receives wastes from chemical fertilizer-producing
plants and municipal wastewater treatment plants. Nitrate contamination of
ground water supplies can often be prevented by proper well construction.

Treatment methods for the removal of nitrate from water are listed in
Table 8.[3]

Table 8

PROCESSES FOR NITRATE REMOVAL

Unit Processes* Per Cent Removal
Reverse Osmosis ** 90-97 e
) Electrodialysis *x C 80
Ion Exchange 98

_ *Additional process information is discussed in the text
_ following this table.

**Per cent removal based on manufacturers’ récommendations.
| _ Nitrate salts are very soluble; therefore, nitrate removal c_:a-nnot be achieved
by processes such as lime softening or coagulation. Presently the most practical
method of removing nitrate from drinking water is by ion exchange
treatment.[5]

Anion exchange resins can be used to remave nitrate by relpla'cer'ne_nt:with
chloride. However,. pretreatment of water to reduce sulfate,,'. iron or s’il_ica
concentrations may be required for efficient operation of the exchanger.
Sulfate decreases the resins’ capacity for nitrate removal, thus more frequent
regeneraﬁon of the system is required. Iron and silica interfere by clogging the
resin, thus preventing the nitrate from being exchanged. '

Use of a cation exchange resin and anion exchange resin (demineralization)
might be necessary if the chloride level in the finished water becories
undesirably high.
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i. Selenium. Selenium in large amounts is -toxic to _both'humans and
animals.[ 1] There is also concemn over the possible carcinogenic properties of
the element. More recent findings suggest that small amounts may be beneficial. .
The current limit of selenium in drinking water is 0.01 mg/l. Concentrations of
selenium ranging from 0.003 to 0.07 mg/l have been found in water supply
systems in the United States.[2] ‘

Some socils, particularly in South Dakota and Wyoming, contain excessive
amounts of selenium. Irrigation return flows from these soils may contain
undesirably high levels of contamination. Selenium pollution may also result
from industrial manufacture of paint, dye, insecticide and rubber.

Prior to selection of a treatment process for removal of selenium, the form
of the contaminant should be identified. The two forms, selenium 1V (selenite)
and selenium VI (selenate€), require significantly different ireatment methods for
effective removal. Refer to Table 9 [3, 5] for appropriate processes for removal
of selenium.

Alum and ferric sulfate coapulation, and lime softe‘ning’ are only
moderately effective on the removal of selenium IV from water.[5] Of these
three methods, tests indicate that ferric sulfate coagulation is the most effective
for removal of selenium IV. The best removal was achieved at the low pH of
5.5 and a trend of decreasing removal with increasing pH was observed. - |

Tests have shown that alum, ferric sulfate and ferrous sulfate coagulation,
and lime softening are ineffective methods for selenium VI removal from
drinking water. As indicated in Table 9, reverse osmosis and ion exchange are
effective methods for removing both forms of selenium.

jo Silver. A study of the toxic effects of silver added to drinkiné water
of rats showed pathologic changes in kidneys, liver, and spleen.[l] The
maximum allowable level of silver in drinking water is 0.05 mg/l. Concentra-
tions of silver ranging from 0.0 to 0.03 mg/l have been found in treated water
supply systems in the United States.[2] Table 10 [3,5] lists unit processesand
their effectiveness for removing silver from water supplies.
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Table 9

PROCESSES FOR SELENIUM REMOVAL

Unit Process* : Per Cent Removal

For selenium IV:

Coagulation, Sedimentation,
. and Filtration , : 10-85

Softening . 20-45
For selenium VI:

' Coagulation, Sedimentation, .
and Filtration - 0-10

Softening . 0-10

For either or both selenium forms:

Reverse Osmosis: _ 90-97
Electrodialysis** 80
Ton Exchange - . - 95

*Additional process information is discussed in the text preceding this table.
++Predicted but not expericnced.[3]

Table 10
PROCESSES FOR SILVYER REMOVAL

Unit Process* Per Cent Removal

Coagulation, Sedimentation,

and Filtration - 70-90
Lime Softening - 70-90
Reverse Osmosis** » 90-97
Electrodialysis** ' 80
lon Exchange** 95

*Additional process information is discussed in the text
following this table.

**Predicted but not exper‘ienced.[3]
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Both alum and ferric sulfate coagulation are cffective in removing silver
~ from drinking water.[5] Alum coagulation removals are pH dependent; above a
pH of 8, removals decreased with increasing pH. Both ferric sulfate and hme
softening removals increase as the pH is increased.

2. Organic Chemicals

The organic chemicals included in the National Interim Primary Drinking
Water Regulations can be divided into two classifications: (a) chlorinated
hydrocarbon insecticides and (b) chlorophenoxy herbicides. The insecticides
consist of endrin, lindane. methoxychlor and toxaphene: the two herbicides
included are 2, 4—D and 2, 4, 5—TP (Silvex).

a. Chlorinated Hydrocarbon Insecticides. Manufactured by numérous
companies, these synthetic organic insecticides are widely used, are long-lasting |
in the environment and are very toxic to humans. The symptoms of poisoning,
regardless of the compound involved, are similar. When chlorinated hydro-
carbons are absorbed into the body, small amounts are stored in the body fat.
Long-range effects of the accumulation of these insecticides in the body are
generally unknown. If any of these complex organic compounds are ingested in
large amounts, death can result [rom cardiac or respiratory arrest.[1]

MaximumA contaminant levels established for the chlorinated hydrocarbons
(refer to Appendix A) are listed as follows:

(a) Endrin 0.0002 mg/l

(b) Lindane ' 0.004 mg/l
(¢) Methoxychlor 0.1 meg/l
(d) Toxaphene 0.005 mg/l

The 1969 National Community Water Supply Study indicated pesticide
concentrations in drinking water are generally lower than the allowable
limits. [9] Summarized in Table 11 [5] are unit processes and thelr effectiveness
for removing endrin from water supphes ‘
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Table 11

PROCESSES FOR ENDRIN REMOVAL

Unit Process Per Cent Removal
Chlorination, 5 mg/l less than 10
Coagulation, Sedimentation,

and Filtration _ 35
Powdered Activated Carbon*:
’ 85
10 mg/l 92
20 mg/l 94
Granulajé Activated Carbon*,
30m /m2/day (0.5 gpm/ft2) 99

*Preceded by coagulation, sedimentation and filtration.

Unit. processes applicable for. lindane removal are listed in Table 12.[5]
Conventional treatment processes are ineffective for reducing lindane levels and
therefore are not included in Table 12. Oxidation is also not included in
Table 12 as experiments have shown only ozone, in uncommonly high

concentrations, to have any appreciable effect in reducing the lindane
concentration.

Table 12

PROCESSES FOR LINDANE REMOVAL

Unit Process Per Cent Removal

Powdered Activated Carbon*:

5 mg/l 30
10 mg/1 ' 55
20 mg/l : 80

Granular Activated Carbon*,
30 m3/m2/day (0.5 gpm/ft2) 99

*Preceded by coagulation, sedimentation and filtration,
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Reverse osmosis has also been studied for lindane removal but it is currently
impractical for that purpose.[5] ‘

Treatment . information is currently not available regardiﬁg removal of
methoxychlor from drinking water. One publication [5], however, predicts that
adsorption with granular activated carbon would effectively remove this
contaminant from a water supply.

In regard to removal of toxaphene from drinking water, coagulation,
sedimentation, filtration and chlorination have proved ineffective. The .
recommended treatment method for toxaphene removal is adsorption with
activated carbon. Tests have shown a powdered activated carbon dosage of
5 mg/l to reduce toxaphene concentrations by 93 per cent.[5]

b. Chlorophenoxy Herbicides. Chemical control of aguatic vegetation is
the principal source of the chlorophenoxy herbicides in- drinking water. The
two herbicides included in the drinking water regulations are 2, 4—D and 2, 4,
5—TP (Silvex). Manufactured and sold under various trade names, these
compoundé have toxic properties of a generally lower order than chlorinated
hydrocarbons.[1] Nevertheless, herbicides should be used carefully so as not to
contaminate drinking water.

The maximum allowable levels of 2, 4-D and 2, 4, 5-TP (Silvex) are,
0.1 mg/l and 0.01 mg/1, respectively. The only effective treatment process at this
time for removal of 2, 4—D is adsorption using activated carbon. Conventional
water treatment processes (coagulation, sédimentation, filtration and oxidation)
have been shown to be ineffective for 2, 4—D removal.[5] Reverse osmosis is a
potential process for removing 2, 4—D from drinking water. However, sufficient
data are not available at this time to recommend it as a practical technique.

Treatment data for the removal of ‘2, 4, 5—TP (Silvex) are presently not
available. It has been assumed that this herbicide would behave in a manner
similar to 2, 4, 5—T and Table 13 is a summary of expected removals.[5]
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Table 13

PROCESSES FOR 2, 4, 5—TP (SILVEX) REMOVAL*

Unit Process Per Cent Removal
Chlorination, 5 mg/l less than 10
Coagulation and Filtration 65

Powdered Activated Carbon:

5 mgfl 80

10 mg/l 80

20 mg/l 95
Granular Activated Carbon: 99

*Per cent removals listed have been experienced for 2, 4,
5—T and are predicted for 2, 4, 5—TP (Silvex).

3. Turbidity -

Turbidity levels of more than | to 5 turbidity units may cause
interference with disinfection processes. This is the major reason for the
maximum contaminant levels of one turbidity unit (monthly average) and five
turbidity - units (two-day average) as stated in the National Interim Primary
Drinking Water Regulations. At the discretion of the State, a maximum of five
turbidity units (monthly average) may be allowed if the water supplier can
demonstrate that the higher turbidity does not do any of the following:

(a) Interfere with disinfection.

(b)  Prevent maintenance of an effective disinfectant agent throughout the
distribution system.

{c) Interfere with microbiological determinations.

High turbidity can cause consumers to question the safety of drinking the
water.

Turbidity in water may result from suspended and colloidal matter from a
variety of sources. It may be caused by microorganisms; mineral substances;
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clay or silt and other products of natural erosion; domestic sewage or industrial
wastes; and others. ' .

Treatment methods effective for turbidity reduction include various
combinations of the processes listed in Table 14.[3]

Table 14

PROCESSES FOR TURBIDITY REMOVAL

Unit Process Per Cent Removal
Plain Sedimentation 50-95

Coagulation, Sedimentation,
and Filtration - 80-99

4. Coliform Organisms

It is of the utmost importance that no pathogenic bacteria be - present in
water intended for human consumption. Direct testing for pathogenic bacteria
is difficult and time-consuming, so an indirect test is utilized. A determination
is made of the presence of coliform bacteria. Although coliform bacteria are
usually nonpathogenic, under certain conditions strains of £. coli are capable of
causing disease. Under most circumstances, there are probably several thousand
coliform bacteria present for each pathogenic organism in contaminated water.
Therefore, if coliform bacteria are eliminated from a w'ater, there should be
little concern about the water’s safety from a bacteriological standpoint.
Presence in drinking water of any members of the coliform group indicates
deficiencies in treatment of the water.

The National Interim Primary Drinking Water Regulations do not contain
a single number as a limit for coliferm bacteria. Maximum contaminant levels
for coliform bacteria have been established based on the frequency of sampling
and the type of test. Refer to Appendix A for coliform bacteria maximum
contaminant levels and monitoring frequency. The minimum number of
coliform test samples per month depends on the population served by the
water system; the larger the population, the greater the number of samples
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‘required. The range is from a minimum of one per month for a community
system which serves a population of 25 upto 11 per month for a system which
serves a population of 10,000.

i 1

The membrane filter technique is generally the recommended test method.
However, turbidity may interfere with the membrane filter technique, and the
multiple tube fermentation technique may have to be employed. When the
membrane filter test is used for a facility serving a population of 25 to 10,000,
the maximum number of coliform bacteria shall not exceed any of the
- following:

(@) One per 100 ml as the arithmetic mean of all samples examined per
month.

(b) Four per 100 ml in more than one sample per month when less than
20 samples are examined per month. -

(c) Four per 100 ml in more than five per cent of the samples when 20
or more are examined per month.

If the multiple tube fermentation technique is used, two standard portion sizes
may be used in the test. When 10 ml standard portions are used, coliform bac-
teria shall not be found in any of the following:

(a) More than 10 per cent of the portions in any month.

(b) Three or more portions in more than one sample when less than 20
samples are examined per month.

(¢} Three or more portions in more than five per cent of the samples
when 20 or more samples are examined per month.

When 100 ml standard portions are used, coliform bacteria shall not be found
in any of the following:

(a) More than 60 per cent of the portions in any month.

(b) Five portions in more than one sample when less than five samples
are examined per month.
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(¢) Five portions in more than 20 per cent of the samples when five or
more¢ samples are examined per month. |

Bacteria in water . sources are primarily the result of organic waste
pollution. Sources of this waste include decaying vegetative matter, aecaying
animal wastes, wastes from food processing plants, untreated sewage and others.
In addition to direct contamination, bacteria may be transported to water by
air di'spersion,. birds, and other animals including man.

Disinfection is the primary process for the elimination of bacteria from
water. This and other methods of bacterial reduction are listed in Table 15.]3]

Table 15

PROCESSES FOR BACTERIA REDUCTION

Unit Process Per Cent Removal
Chlorination » 99
Ozonation : 99
Chlorine Dioxide 99
Sedimentatibn* 0-99
Coagulation* ' Significant amounts
oFiltration* 0-99

*These methods do not, in thenselves, provide adequate
bacterial reduction. However, their use prior to disinfec-
tion may significantly lower the costs associated with
disinfection.

5. Radiological ,

Any dose of ionizing ra(_tiiation may produce harmful effects to human
health. Both short term and long term damage to human tissue may resuit from
radioactive contamination. Even if exposure is slight, there may be genetic
changes or a cancer may develop.
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Radioactivity in public water systems may be generally grouped as
naturally -occurring or- man-made. Radium—226 is the most important of the
naturally occurring radionuclides - likely to occur in public water systems.
Radium is distributed throughout the United States, particularly in midwestern
and Rocky Mountain states. Usually found only in ground water, radium may
occasionally be found in surface water due to man’s activities. In contrast to
radium, man-made radioactivity usually occurs in surface water. Sources of
man-made radioactivity, in addition to fallout from nuclear weapons testings,
are small. releases from nuclear power plants, hospitals, and scientific and
industrial users of radiocactive materials. Maximum contaminant levels for
radioactivity in water supply systems are summarized in Table 16.[3] Refer to
Appendix A for the radionuclide regulations as published in the Federal
Register. - ’

Table 16

MAXIMUM CONTAMINANT LEVELS FOR RADIOACTIVITY

Maxirﬁum Allowable

Constituent Level
Combined radium—226 and radium—228 - 5 pCift

Gross alpha particle activity -
(including radium—226 but excluding e
radon and uranium) 15 pCi/t

Beta particle and photon radioactivity
from man-made radionuclides* 4 mrem/yr

*Based on a 2 liter per day drinking water intake except for tritium and
. strontiwn—90. Average annual concentrations of tritium and strontium—90
_assumed to produceadose of 4 mrem/yr are 20,000 and 8 pCi/l, respectively.

Virtually all wéter sources contain radium, a product of uranium, in tracé
amounts. Studies indicate the occurrence of radium—226-1'n United States
treated water supplies ranges from 0.0 to 135.9 pCi/l. [2] Also important in
health considerations, strontium—90 concentrations in public water supplies are
about 1.0 pCi/l, based on available data. Remedial measures for excessive
radioactivity in drinking water supplies include dilution of the contaminated
water, change of source, and treatment of the contaminated water. If treatment
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for removal of radionuclides is necessary, conventional methods are usually
effective. Listed in Table 17 [5]are various radionuclides and their removal
methods and efficiencies.

Table 17 .

PROCESSES FOR RADIONUCLIDE REMOVAL

Radionuclide Removal Method Per Cent Removal
Radium Ion Exchange Softening 70-98
' Coagulation, Sedimenta’tion, .
and Filtration 25
Lime or Lime-Soda Softening 70-90
Reverse Osmosis 95
Beta and Photon Emitters* Lime Softening 8796
' [on Exchange Softening 75-96
Reverse Osmosis 90-97

*Removal dependent on specific radicisotope present.

6. Stabilization

While stabilization of water is not dire'ct]y addressed in the Interim
Primary Drinking Water Regulations, it is implied because the maximum
contaminant levels for inorganic chemicals are at the consumer’s tap. Thus, if
the water leaves the treatment plant with all contaminants below their
respective maximum contaminant levels, but samples from the distribution
system show values above those maximum contaminant levels, then the water
quality is in violation of the regulations. Corrosive water can cause
solubilization of certain contaminants listed in the Interim Primary Dr—inking
Water Regulations.

Cadmium is present in zinc-galvanized iron pipe and may be dissolved by .
corrosion. Corrosive water standing in lead pipes can, under certain conditions,
solubilize enough lead to exceed the MCL.
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A noncorrosive water may be maintained throughout the distribution
system Jdn two ways: (1) by maintaining calcium carbonate saturation
equilibrium with appropriate pH control, and (2) by introducing additives such
as phosphates or silicates. In both cases, a thin protective fiim is formed on the
interior of the piping, thus protecting it from corrosion.

B. SECONDARY DRINKING WATER REGULATIONS

While primary regulations apply to trace elements, compounds, and .
‘microoganisms affecting the health of consumers, secondary regulations deal
-with: the aesthetic qualities of drinking water. The contaminants included in
these secondary regulations do not have a direct impact on the health of
consumers. However, if present in excessive amounts, these contaminants may
affect the palatability of the water and encourage the use of possibly unsafe
water.

In contrast to primary drinking water regulations, the secondary
re'gulations are not Federally enforceable. As guidelines for suppliers of water,
these regulations are meant to be used to improve the quality of water
delivered. The secondary drinking water regulations contain recommended
maximum contaminant levels for various inorganic chemicals and physical
quality characteristics of drinking water. The USEPA has published Proposed
National Secondary Drinking Water Regulations (Federal Register, Vol. 42,
No. 62, March 31, 1977, see Appendix B). The following substances are
included:

1. Chloride

Chloride in concentrations above 250 mg/l causes a salty taste in water
which is objectionable to many people.{111 In addition to adverse taste effects,
significant increases in customer costs due to deterioration of plumbing and
water heaters may be encountered at chloride levels of 500 mg/l. Excessive
chloride levels are most often found in highly mineralized ground water. The
occurrence of chloride in United States drinking water supplies ranges from 1
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to 1.950 mg/L[2] Chloride is not significantly affected by conventional
treatment processes. Reverse osmosis or electrodialysis can effectively remove
chloride from drinking water.

2. Color

Color in drinking water becomes objectionable and unaesthetic to most
people at levels above 15 color units.[11] The level of this substance does not
directly indicate the safety of a drinking water supply. However, highly colored
water indicates the potential presence of industrial or domestic wastes as well
as mineral or organic materials. Iron and manganese compounds. are minerals
which can impart undesirable colors to water. Humus, peat, algae, weeds and |
protozoa are examples of organics which contribute color to water. Some
industries whose processes generate color are mining, explosives production,
refining, pulp >and paper mahufacture, and chemical productien.

Selection of a treatment method for removal of color is dependent on the
nature of the substances causing the color. Treatment methods and removal
efficiencies are listed in Table 18.[3]

Table 18

PROCESSES FOR COLOR REMOVAL

* Unit Process* " Per Cent Removal
Coagulation | 95
Filtrétion 50-95
Reverse Osmosis 99
lon Exchange 100
Activated Carbon 100

*Additional process information is included in the
following text.

With" alum coagulation the best removal is usually achieved with a pH
range of 4 to 6.[2] However, for minimum solubility of the coagulant, the pH
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should be adjusted to greater than 6 prior to filtration. Color coagulation can
also be achieved with magnesium hydroxide at a pH greater than 11.0. The per
cent removal stated in Table 18 for reverse osmosis applies to all color
producing materials with molecular weights greater than 200. lon exchange, as
listed in Table 18, applies to the use of special resins for the removal of organic
dye wastes, humates and ligates. The per cent removal listed for activated
carbon in Table 18 is for noncolloidal, soluble. aromatic-structured color
sources.

3. Copper

The proposed maximum contaminant level of 1.0 mg/l for copper was
recommended because copper imparts an undesirable taste to drinking water.
Large doses of copper may produce nausea and prolonged ingestion may result
in liver damage.[11] Small amounts of copper, however, are generally
considered nontoxic. In fact, copper is an essential eclement in human
metabolism.

In water supplies tested across the United States, copper was found in
concentrations ranging from 0.0 to 8.35 mg/l.[2] Copper occurs naturally in
surface waters. Other sources of copper pollution include the corrosive action
of water in copper and brass tubing, industrial effluents and the use of copper
compounds for control of algae. Copper salts are used in fungicides, insecticides
and various industrial processes -such as textile manufacture, tanning,
photography, and electroplating.

Remo'val of copper from drinking water supplies can be accomplished by
the treatment methods listed in Table 19.[3]

4. Corrosivity

Corrosion causes various problems in the water distribution system,
including tuberculation, leaks, main ruptures, discoloration and loss of chlorine
residual. Corrosion is also responsible for an increase in concentrations of trace
metals, such as lead, cadmium, iron and copper, as the corrosion damages
service lines and household plumbing.

HI-28



Table 19

PROCESSES FOR COPPER REMOVAL

Unit Process Per Cent Removali

Coagulation, Sedimentation,

and Filtration *
Softening *
Reverse Osmosis 90-97
Electrodialysis 80
Ion Exchange 95

Stabilization** ' _10'0

*Will reduce copper centration below MCL.[12]

**Applies only to prevention of corrosion of copper piping
materials in the distribution system.

Corrosivity is related to pH, alkalinity, dissolved oxygen, tota_l dissolved
solids and other factors. Therefore a straight-forward maximum contaminant
level has not been proposed.

The adverse effects of corrosion are primarily economic. Therefore, the
cost of corrosion control could be _offset by the savings from damage
prevented. Refer to section III A6, Stabilization for a discussion of methods
for controlling corrosion. '

5. Foaming Agents

Foaming is an undesirable property of drinking water because it is
aesthetically displeasing and is often associated with contamination. Many
substances in water will cause foam when the water is agitated. or air is
entrained. The major class of substances which produce fdaming is the anionic
surfactant. Contamination of drinking water supplies by this surfactant results
from household and industrial synthetic detergent pollufion._ o
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_ Concentrations of anionic surfactants found in drinking waters have ranged
from 0 to.2.6 mg/l in well water supplies and from O to § mg/! in surface water
supplies.[11] A proposed maximum contaminant level of 0.5 mg/l, as
methylene blue, active substances, was chosen to prevent the occurrence of
visible foam. The treatment method for removal of foaming agents is
adsorption by activated carbon. Removal efﬁcien‘cy ranges from 90 to 100 per
cent.[3]

6. Hydrogen Sulfide

Hydrogen sulfide in drinking water often produces very obnoxious odors
characteristic of "‘rotten eggs”. Corrosion of ferrous metals in well pump
assemblies and filters and corrosion of concrete holding and distribution
facilities occurs when hydrogen sulfide levels exceed 0.5 mg.,’l.[ll] Hydrogen
sulfide is often caused by microbial action on organic matter or reduction of
sulfate ions to sulfide by bacteria and can be found in both ground and surface
waters. In addition to its offensive odor and corrosive tendencies, hydrogen
sulfide in association with soluble iron produces black stains on laundered items

and black deposits on piping and fixtures.

Hydrogen sulfide odor is usually identifiable at concentrations of a few
hundredths of a milligram per liter. The proposed maximum: level for hydrogen
sulfide is 0.05 mg/l. Treatment methods for removal of hydrogen sulfide from
drinking water include aeration, which is usually ndt .sufﬁcient by itself,
followed by chemical oxidation. For waters with a constant hydrogen sulfide
odor, aeration may produce a fine elemental sulfur precipitate which will
require coagulation, sedimentation and filtration for removal.

7. Iron

Iron is a highly objectionable constituent of water supplies. It may -impart
brownish discolorations to laundered goods or a bitter or astringent taste to
water. The proposed maximum level of iron .in drinking water is 0.3 mg/l.
Normal diets contain 7 to 35 mg per day and average 16 mg.[11] Therefore,
the amount of iron permitted in water is small compared to the .amount
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normally consumed and does not have toxicological significance. Sources of
iron polI'ution include iron-bearing ground water, acid mine drainage,
iron-bearing industrial wastes and corrosion of -iron and its élloys The
concentration of iron in .well-aerated surface water is usually low Treatment
methods for iron removal are listed in Table 20.[3]

Table 20

PROCESSES FOR IRON REMOVAL

Unit Process . Per Cent Removal
‘Oxidation _ *
Reverse -Osmos_is ’ | 90-99
Electrodialysis 80
[on Exchange 95
‘ Diatomite Filtration *
! Stabilization** 100

Coagulation, Sedimentation,
and Filtration ok

*Addmonal process information is included in the
following text.

**Applies only to prevention of corrosion of iron piping
materials in the distribution system.

*+*Will reduce iron concentration below MCL.[12}]
For a detailed discussion of oxidation methods for.iron removal, refer to

section IV A2, Oxidation. Diatomite filtration can lower iron levels to 0.1 mg/l,
if accompanied by preaeration and alkalinity adjustment.[3]

8. Manganese
As for iron, the principal reason for. limiting this element is to prevent

brownish stains in laundered goods and adverse taste effects in drinking water.
From the health standpoint, there are no data to indicate at what level
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manganese would be harmful when ingested; the daily intake of manganese
from a normal diet is about 10 mg.[11]

Manganese concentrations in well-aerated surface waters are rarely over
1.0 mg/1.[3] Deep reservoirs can have undesirable concentrations of manganese
in lower portions of the reservoir where reducing conditions prevail. This
manganese can cause problems if the water supply intake is located in the deep
portion of the reservoir or can cause problems for higher intakes during
turnover: - In ground water with reducing conditions, high concentrations of
manganese may be leached from mineral deposits. Manganese frequently
_accompanies iron in such ground waters. In addition, manganese is used in the
manufacture of paints, steel, glass, and various other materials. It is also used in
agriculture to enrich manganese deficient soils and may enter water supply
sources through runoff.

The proposed maximum contaminant level for manganese is 0.05 mg/l.
Applicable unit processes for removal of manganese are shown in Table 21.[3]

Table 21

PROCESSES FOR MANGANESE REMOVAL

Unit Process Per Cent Removal
Oxidation *
Reverse Osmosis  90-99
Electrodialysis 80
Ion Exchange 95
Diatomite Filtration *
Softening : kX

*Additional process informatijon is included in the follow-
ing text.

**Will reduce manganese concentration below MCL. [.12]
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For a detailed discussion of- oxidation methods for manganese removal,
refer to section v A2, Oxidation. Manganese removal, with preomdatlon, to
0.05 mg/l is possible with diatomite ﬁltratlon [3]

¥

9, Odor

Odorv. is an important aesthetic quality of water for domestic use. It is
impractical and often impossible to isolate and identify the odor-producing
chemical. Therefore, the senses of smell and taste are used to .evaluate odors
and tastes. In most cases, sensations ascribed to the sense of taste are actually

odors.

- Undesirable odors in water are caused by vapors from various chemicals
including halogens, sulfides, amm_onia, turpentine, phenols, cresols, picrates,
various hydrocarbons and unsaturated organic compounds. -NatL}:ral waters may
be contaminated with odor producing compounds from weeds, bacter‘ia,-' fungi,
actinomycetes, algae and decaying animal matter. Sewage and industrial wastes
may also contribute odorous compounds to water supplies. In addition, some
inorganic substances, such as fnetal ions, impart taste and odor to water.

The proposed maximum contaminant level for odor is a Threshold Odor
Number (TON) of 3. For water, the TON is the dilution factor required before
the odor is minimally perceptible. Treatment methods for odor removal include
aeration, activated carbon, ozonation, superchlorination, chlorine dioxide, and
potassium permanganate. Laboratory tests are required to determine the removal
effectiveness of each unit process.

10. pH

The proposed range for pH has been set at 6.5 to 8.5, the lower level to
prevent appreciable corrosion and the higher level to prevent encrustatlon taste
and reduced chlorine efficiency. However, the impact of pH in any one water
system will vary with the overall chemistry of the water. Thus, a higher or
lower pH range may be appropriate under specific conditions. Midwest waters,
for example, are usually adjusted during softening to one pH unit above the
I.angélier stability pH, usually in the low 9%. Chemical addition of lime, soda
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ash or caustic soda is used to increase pH of a water supply; to decrease pH,
carbon dioxide, sulfuric acid or hydrochloric acid may be added during the
treatment process. ' '

11. Sulfate

At concentrations above 250 mg/l, sulfates create taste problems; above
600 mg/l, they may have a laxative effect.[11] In addition, high
concentrations of sulfate contribute to the formation of scale in boilers and
heat exchangers.

Sulfates may enter water sources from tanneries, sulfate-pulp mills, textile
mills, and other plants that use sulfate or sulfuric acid. Leachings from gypsum
and other common minerals may contaminate sources of water supply. Also,
oxidation of sulfides, sulfites, and thiosulfates in surface water yield sulfates.

Concentrations of sulfates in United States water supplies range from less
than 0.1-to 770 mg/l.[2] The proposed maximum level of sulfate is 230 mg/l.
Treatment methods for sulfate are listed in Table 22.[3]

Table 22

PROCESSES FOR SULFATE REMOVAL

Unit Process Per Cent Removal
Reverse Osmosis 99
Electrodialysis - .80
Ion Exchange _ 95

12. Total Dissolved Solids (TDS)

TDS may influence the acceptability of water and a high concentration is
often associated with excessive hardness, taste, mineral deposition or corrosion.
The proposed MCL for TDS is 500 mg/l. Applicable treatment methods for
TDS removal are listed in Table 23.[13]
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Table 23

PROCESSES FOR TOTAL DISSOLVED SOLIDS REMOVAL

Unit Process* Per Cent Removal
Chemical Softening o
Reverse Osmosis 80-99
Electrodialysis - 50-90
Ion Exchange up to 99

*Additional process information is included in the following text.
**See text.

The TDS removal by chemical softening is dependent upon the amount of
hardness removed and the relationship between hardness and TDS in the raw
water. A recent publication {14] recommended that ion exchange be
considered for TDS removal if the maximum raw water TDS concentration is
less than 2,000 mg/l. Similarly, the application range for electrodialysis -and
reverse osmosis is a TDS concentration of 1,000 to 5,000 mg/l and 1,000 to
10,000 mg/1, respectively. If the maximum TDS level falls within the range of
more than one of these processes, 1,500 mg/l for example, then an economic
comparison should be used to select a specific treatment method.

13. Zinc

Zinc is an essential and beneficial element in human metabolism; the daily
adult human intake averages 10—15 mg.[11] Zinc in water does not cause
serious adverse health effects but does produce undesirable aesthetic effects. At
concentrations of 5 mg/l, zinc can impart an objectionable taste to water.
Soluble zinc salts, at 30 mg/l, give a milky appearance to water and at 40 mg/l,

they impart a metallic taste.

Industrial uses of zinc salts which may contaminate water sources include
the manufacture of dyes, pigments, insecticides and the galvanizing process.
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Zinc is rarely found above the trace level in natural waters. Zinc has been
found to occur in United States water supplies in concentrations ranging from
0to 13 mg/L.[2] The proposed maximum level of zinc is 5 mg/l. Unit processes
applicable for zinc removal are shown in Table 24.[3]

Table 24

PROCESSES FOR ZINC REMOVAL

Unit Process Per Cent Removal
Reverse Osmosis 9097
" Electrodialysis ' 80
dIon Exchange 95
Stabilization * 100
Softening o

*Applies only.to prevention of corrosion of zinc piping
materials in the distribution system.

**Will reduce zinc concentration below MCL.[12]
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IV. WATER TREATMENT FACILITIES

Various types and combinations of treatment units are used to produce
water suitable for human use. The quality of the source and the quality goals
for the finished water form the basis for selecting a method of treatment.
Finished water quality goals are given in the preceding section; the means of
achieving them will be discussed subsequently.

A. UNIT PROCESSES

Selection of water treatment processes is based on the contaminants to be
removed. A variety of unit processes may be required for treatment of the
contaminants listed in Section III. Necessary unit processes are generally the
same for large or small treatment plants, only scaled down for small facilities.
Exceptions to this general rule are discussed where this is not true and a
recommendation is given as -to the process most applicable to small water
treatment systems. This section will, therefore, emphasize the unit processes
_specifically applicaf)le to water treatment systems serving a population of 25 to
10,000, All design parameters are in terms of plant capacity as opposed to
average daily flow.

1. Aeration

As applied to water treatment, the term aeration refers to processes by
which water and air are brought into contact with each other for the purpose
of transferring volatile substances to or from the water.” These volatile
substances include oxygen, carbon dioxide, nitrogen, hydrogen sulfide, methane
and unidentified organic compounds respensibie for tastes and odor. Aeration is
not needed at all water treatment plants and a decision as to whether to aerate
or not requires careful assessment of the economic and water quality benefits
achieved by its use.

The. water source is an important selection factor. Surface waters usually
exhibit low concentrations of carbon dioxide, no hydrogen sulfide and fairly
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high dissolved oxygen. Consequently, aeration is not required for the removal
or-addition of these gases. However, many surface waters do contain traces of
volatile organic substances that cause taste and odor problems. While the
aeration process is a means of volatile organic matter reduction, conventional
aeration systems are not particularly effective because of the low volatility of
most taste-and-odor producing compounds. Aeration of surface waters usually
cannot be justified on economic grounds. ‘

Ground waters may contain excessive carbon dioxide, methane, hydrogen
sulfide, iron, or manganese concentrations. At lime-soda water softening plants,
any carbon dioxide dissolved in the water at the point of lime application will
- consume lime without accompanying softening. For high (>50 mg/l) carbon
dioxide concentrations, as encounterad in some ground waters, aeration for its
removal is probably justified. For concentrations on the order of 10 mg/l or
less, aeration is probably not economically valid. Before a decision to aerate for
carbon dioxide removal, the cost of maintaining and operating the aerator
should be compared to the value of the lime saved and the additional sludge
disposal cost.

Aeration will remove methane, a potentially explosive gas sometimes
encountered in fairly high concentrations in ground water. Methane removed in
appreciable quantities can pose an explosion hazard unless properly disposed.

Aeration is often used for removing hydrogen sulfide from water. It is
effective if the hydrogen sulfide concentration is not more than about 1.0 or
2.0 mg/l. Higher concentrations may require special provisions, such as
prolonged aeration with diffused air or initial aeration in an atmosphere
containing a higher than normal concentration of carbon dioxide followed by a
standard aeration process. Such an atmosphere reduces pH, thus releasing the
H,S form of the sulfide and promotes its removal by aeration.

Ground waters are usually deficient in oxygen and aeration is an effective
means of adding it. Oxygen addition is desirable if iron and manganese removal
is a treatment objective. This is discussed in detail in section IV A2, Oxidation.

The three methods of aeration employed in small water systems
are a) gravity, b) mechanical draft, and ¢) diffused aeration.
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a. Gravity Aeration. Various types of gravity aerators have been used in
the water treatment industry. The most practical method of gravity aeration for
small water treatment systems consists of a stack of multiple trays which are
often filled with contact media. Water flows by gravity over the layers of media
and trays. The use of mechanical draft aeration with this method of gravity
aeration is discussed in the following subsection. Information on media and trays
is also included.

b. Mechanical Draft Aeration. This aeration system consists of a tower
through which water droplets fall and air ascends in countercurrent:flow. The
tower usually is made up of a series of trays with wire-mesh, slat or perforated
bottoms over which the water is distributed. In most aerators, cecarse media
such as coke, stone or ceramic balls 5 to 15cm (2 to 6in) in diameter are
placed in the trays to increase efficiency. ‘Coarse media are especially efficient
when the removal of iron and manganese is of importance. The media becomes
coated with precipitated oxides of iron and manganese, which serve as catalysts
for continuing oxidation reactions. A small basin is often constructed below the
aeration unit to allow entrained air to dissipate. The depth of this basin is
usually 1.8 m (6 ft); the width and length are frequently the same as those of
the aeration unit in question.

Design criteria for mechanical draft aerators are dependent on the type
and concentration of the contaminant involved. In aeration towers, five to
fifteen trays spaced vertically 30 to 76 cm (12 to 30 in) apart are frequently
used. Area requirements for the trays vary from 5.6 to 17.9 cm? per m3/day (23
to 73 ft? per mgd); most require less than 7.3 cm? per m3/day (30 £t2 per
mgd). Selection of specific design criteria is usually a joint decision by the
‘manufacturer and engineer. Mechanical draft aeration equipment, of interest for
this report, is available in various capacities ranging from 218 to 5,450 m3/day
{40 to 1,000 gpm).

¢. Diffused Aeration. Diffused aeration units generally consist of
rectangular basins with diffuser equipment located near the bottom. The
diffusers distribute compressed air into water through orifices or nozzles in air
piping, diffuser plates or tubes. Basins are frequently 2.7 to 4.6 m (9 to 15 ft)
deep and 3.1 to 9.2 m (10 to 30 ft) wide. Ratios of width to depth should not
exceed 2:1 to insure effective mixing. The length of the basin is governed by
the desired retention period, usually 10 to 30 minutes.
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The amount of air required depends on the purpose of aeratlon but
generally .ranges from 0.075 to 1.12m3 of air per m3 (0.01 to 0.15 ft3 of air
per gal) of water treated.

Diffused air treatment units conserve the hydréulic"head and are not
subject to freezing, but require more space than tray aerators. To prevent odor
problems, both types of aeration may requlre housing if hydrogen sulfide is
being removed. - '

d. Applicability and Recommendations. Aeration is recommended as a
treatment process for carbon dioxide, hydrogen sulfide, and odor removal and
as an aid in iron and manganese removal. The decision to use aeration as a
treatment process and selection of the type of aeration to employ must be
based on the quality of the source of water supply and the contaminants to be
removed. An economic analysis should be made to decide between gravity,
mechanical draft, and diffused aeration. Mechanical draft aeration is limited in
appﬁcability to the sizes of aerators manufactured. Diffused® aeration is
generally not economically desirable for small water treatment systems.
However, if diffused aeration can also serve as a chemical mixing unit as well as
an aeration system, then the eccmo_mics may favor this system.

2. Oxidation

Water treatment utilizes oxidation ' for ‘various purpos'es.'A number of -
oxidants can be used to remove or destroy undesirablée tastes and odors, to aid
in the removal of iron and manganese, and -to help improve- clanficahon -and
color removal. Oxygen, chlorine, and potassium permanganate are the most
frequently used oxidizing agents and each is discussed in following sections.

a. Air. Aeration is used as a method of adding oxygen to water for
oxidation of iron alnd' man&dnese For 'pr‘éc'ipitatioﬁ of 1 mg/l of iron, 0.14 mg/!
of oxygen is required, and 0.24 mg A of oxygen is required for precxpltatlon of
1 mg/1 of manganese. Soluble iron is l’eadlly oxidized by the addition of oxygen,
but manganese cannot be ox1dlzed as easﬂy However, ox1dat10n of manganese

is encouraged if the aeration step provides contact between water and prev19usly
precipitated manganese oxide, such as occurs in certain gra#ity‘and ‘mechanical
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draft aerators. Media in these units become manganese-coated and catalytic

oxidation of manganese occurs, particularly when the pH has been increased to

greater than 8.5. If the level of manganese to be removed is high, aeration

processes are usually designed to only initiate oxidation of the manganese. More

effective chemical oxidation is then used to achieve acceptable levels of man-
ganese.

Oxidation of organic subsiémces responsible for undesirable tastes and
odors using aeration is usually too slow to be of value. However, if dissolved
gases such as hydrogen sulfide are the cause of taste and odor problems,
aeration. will effectively remove them through oxidation and stripping.

b. Chemical. Oxidizing chemicals commonly used in water treatment
include chlorine, chlorine dioxide, ozone and potassium permanganate. Chlorine
and potassium permanganate are the most frequently used chemical oxidants.
Ozone and chlorine dioxide require on-site generation and are relatively
expensive. Compared to air, chemicals are- much stronger oxidizers, therefore
more effective. The respective costs for aeration versus chemical oxidation must
be compared with the beneﬁtsllreceived before a choice of which process to use
can be made. '

Chlorine, chlorine dioxide and potassium permanganate act effectively as
oxidizing agents in destroying taste and odor producing compounds. They also
readily oxidize soluble iron and manganese to insoluble oxides. The oxides of
iron and manganese are then removed by coagulétion, sedimentation and
filtration. Difficulties with clarification or coler removal which may arise from
dissolved organic compounds often can be reduced by the use of chlorine,
chlorine dioxide and potassium permanganate. They are added to oxidize
interfering organic matter. ‘ ’ ‘

Although relatively effective for iron oxidation, chlorine requires longer
contact time than potassium permanganate to effectively oxidize manganese at
levels greater than 0.2 mg/l. Theoretical amounts of chlorine required are
0.64 mg/l per 1.0 mg/l of iron and 1.3 mg/l per 1.0 mg/l of manganese. In
practice, higher values are used to increase the rate of reaction and provide
chlorine for competing reactions. The rate of manganese oxidation by chlorine
is dependent on pH, chlorine dosage, mixing conditions and other factors. High
pH values fq.vor oxidation of manganese.
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One main advantage of potassitm permanganate oxidation is the high rate
of reaction, many times faster than chlorine. Also, potassium permanganate
differs from chlorine in that it does not form additional products that might
intensify odors normally present. Potassium permanganate is not as pH
dependent as chlorine, although the permanganate does react more rapidly as
pH increases. Theoretically, 0.94 mg/l of potassium permanganate will oxidize
].O'mg/] of iron,and 1.92 mg/l of potassium permanganate will oxidize 1.0 mg/1
of manganese. In actual practice, the amount of permanganate rgquired is
usually less than the theoretical amount. One method- of determining the
optimum dose of permanganate is to observe the color of the water after
application of the oxidant. If a slight pink color persists for a minute or two,
the dose is said to be optimum. ‘

As these oxidation processes are not .instantaneous, .it is desirable to add

the oxidant, whether chlorine, chlorine dioxide or potassium permanganate, as

early as possible in the ‘treatment process. Early addition of chlorine in the

' treatment process is inconsistent with prevention of trihalomethane formation;

therefore, KMnD4 may be the oxidant of choice. The decision whether to use

chlorine or potassium permanganate for oxidation purposes must be based on

the contaminant to be removed, on an economic evaluation of the chemicals,
and tendencies toward trihalomethane formation.

A method used for removal of iron and manganese is application of
potassium permanganate and filtration through manganese. dioxide greensand.
Greensands are naturally occurrihg silicates of - sodium and aluminum.
Manganese dio:_dde, an oxidizing agent, is affixed to the greensand, and water
containing iron and manganese is passed through this material The manganese
dioxide .oxidizes the iron and manganese to insoluble forms which precipitate
onto the greensand filter. After the oxidizing capacity of manganese diqxide
greensand has been depleted, it is regenerated with potassium permanganate. A
modification to this process has been developed wherein the manganese dioxide
is continuously regenerated with pofassiurh permanganate:_ Potassium 'perman-
ganate is continuously fed to the water before entering the ﬁlier. The iron and
manganese are oxidized by the potassium permanganate and precipitated on the
filter. If too little potassium permanganate is added, the'ir‘on and manganese
are oxidized by the manganese dioxide affixed to the greensand; if too much
potassium pennanganate' is added, ‘the manganese dioxide greensand is
regenerated. Thus, uniform amounts of potassium permanganate may be added
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to a water containing varying concentrations of iron and manganese. Where
greensand filtration is preceded by aeration, the amount of precipitated iron
influent to the greensand filter can be large. When this situation exists, a layer
of crushed anthracite coal on top of the exchange medium is sometimes used
to prolong filter runs. '

c. Applicability and Recommendations. For small water treatment
systems, it is recommended that chlorine be considered before other oxidants
since chlorine will normally be used for disinfection, too. If the use of -chlorine
for oxidation would not be practical, then the use of air or potassium
permanganate should be evaluated on an economic basis. Generally, aeration is -
preferred to use of potassium permanganate for oxidation unless high levels of
manganese are to be removed. In that case, the use of potassium permanganate
is necessary. Also, if intermittent tastes and odors are a problem, potassium
permanganate is preferred economically to aeration. Chemical feed equipment
requires a smaller capital expenditure than aeration equipment. In addition, the
chemical oxidant would be used on an intermittent basis so operation and
maintenance costs would be at a minimum. ' ' ‘

Oxidation is recommended as a treatment proceés for hydrogen sulfide

and odor removal, and as an aid in iron and manganese removal.
3. Adsorption

_ The most important direct applications of adsorption in Water treatment
are the removal of arsenic, fluoride and organic pollutants. Basically, adsorptio~
is the attraction and accumulation of one substance on the surface of another.
Two important adsorptive media in the water industry are activated -alumina,
often referred to as simply alumina, and activated carbon. Operationél
characteristics and regenerative techniques will be discussed for both of these

adsorptive media.

a. Activated Alumina. Activated alumina is a highly porous and
granular form of aluminum oxide. 'This material is available from several
aluminum manufacturers in various mesh sizes and degrees of purity'. Alumina
is used in the water treatment industry for removing arsenic and fluoride. The
treatment process consists of percolating water through a column of the
alumina media. Removal of arsenic and fluoride is. accomplished by a
combination of adsorption and ion exchange.
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An activated alumina column consists of alumina media in a contact tank.
Either gravity or pressure feed systems can be used. As far as is l;mown, there is
very little difference between removal capabilities of these two systems. For
sizing the surface area of an alumina column, a surface loading rate of 150 to
175 m3/m2/day (2.5 to 3.0 gpm/ftz.) is recommended. The volume, and thus
the depth, of media is influenced by the time between regenerations of the
alumina. It is advisable to carry out laboratory and pilot-scale studies on the
water in question to aid in actual design of the activated alumina column.

Use.of the activated alumina process for the removal of arsenic and
fluoride from water is cyclic and regeneration of the alumina media is required
periodically. When the alumina columns become saturated with arsenic and
fluoride, they are regenerated by passing a caustic soda solution through the -
media. Excess caustic soda is neutralized by rinsing the activated alumina with
an acid. Prior to the regeneration process, the alumina column is backwashed to
remove accumulated solids that have been strained from the water. Adequate
disposal of the regenerative chemical wash should be provided. One disposal
method which warrants consideration is lagoon evaporation. If permitted by
local conditions, neutralization of the regenerative chemical wash followed by
dilution "and discharge to a sanitary sewer should also be considered. Possible
toxic effects of the removed arsenic and/or fluoride should be evaluated prior
to discharge to a sanitary sewer.

. If treated water storage facilities are limited or if interruptions of other
treatment plant processes cannot be tolerated, the use of duplicate alumina
contact columns is recommended.

b. Activated Carbon. Adsorption of organic impurities using activated
carbon has been common practice in the waterworks industry for many years.
Activated carbon is especially effective as an adsorbing agent because of its
large surface area to mass ratio. Each activated carbon particle contains a
tremendous number of pores and crevices into which organic molecules enter
and are adsorbed to the activated carbon surface.

Activated carbon has a particularly strong attraction for organié molecules
and thus is well-suited for removal of hydrocarbons, control of taste and odor,
and color removal. At present, activated carbon has been used with only
hmitgd success to remove haloform precursor compounds. Frequent regenera-
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tion or replacement of the activated carbon would be required, as its
effectiveness in adsorbing precursor compounds is limited to only a few weeks
after being placed in use.

Excessive fluoride and un-ionized metals such as arsenic and mercury can
be removed from water by adsorption using bone char. Bowever, if used for
- arsenic removal, bone char cannot be regenerated and must be used on a
throw-away basis. . .

Both the adsorptive and the physical properties of an activated carbon
medium are important. Currently, there is no direct method for determining
the adsorptive capacity of an activated carbon. -Adsorptive capacities can be
approximated by the Iodine Number or the Molasses Decolorizing Index. The
“Todine Number indicates the capability of the activated carbon for removing
small molecules. The Molasses Decolorizing Index provides an indication of the
potential of the activated carbon for adsorbing large molecules.

Two types of activated carbon are used in water treatment: powdered and
granular.. Powdered activated carbon is often used for taste and odor control.
Its effectiveness depends on the source of the undesirable tastes and:odors. This
type of activated carbon is a finely ground, insoluble black powder which can
be fed to water either with dry feed machines or as a carbon slurry. Slurry
methods are usually applicable only in large water treatment plants, therefore
will not be discussed here. The powdered carbon' approach offers economic
-advantages when a low or infrequent carbon usage is required to solve a specific
problem. '

Powdered carbon may be added at any point in the treatment process
ahead of the filters.. Actual application points vary depending on local
conditions and contaminants to be removed. Normally, application of carbon is
most effective where pH of the raw water is lowest. Adequate dispersion of the
carbon is necessary; therefore,a settling basin should not be used as a point of
application. Sufficient contact time is also necessary to ensure maximum
adsorption by the carbon. Periods of contact ranging from 15 minutes to one
hour -are recommended: Powdered carbon should be applied prior to
chlorination. Compounds that have a chlorine demand will be removed by the '
activated carbon; thus, savings in chlorine will be realized. Also, activated
carbon will efficiently adsorb chlorine thus wasting both the carbon and
chlorine.
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Recent practice recommends the use of carbon for removal of taste and
odor producing organics prior to chlorination. This prevents the formation of
chloro-organics which are very difficult to remove by carbon. High doses of
carbon fed to the filter influent will cause rapid build-up of loss of head and
there is the hazard of carbon “bleed-through”. Effluents must be carefully
monitored when carbon is fed to filter influent.

As a rough guide, dosages for taste and odor control vary from 2 to 8 mg/l
for routi_pe continuous application, 5 to 20 mg/l for intermittent severe
problems ‘and 20 to 100 mg/l for emergency treatment of chemical spills.
Powdered activated carbon has not been recovered and regenerated in the past.
Powdered activated carbon either settles out in the clarifier or is retained in the
filter. Spent carbon is then disposed of along with other plant waste solids.

Granular activated carbon, used as media in gravity filters, pressure vessels
and specially designed adsorbers, is effective for water treatment purposes.
Removal of organics and mercury is the primary use of granular activated
carbon. Activated carbon filters can be used either in place of, or in addition
fo, conventional filters.

If activated carbon filters are used in place of conventional filters, special
care must be taken in the design and operation of filter cleansing facilities and
in the selection of activated carbon granule characteristics so that the filters can
be effectively backwashed without the loss of the carbon medium in the
backwash troughs.

The use of activated carbon filters has not been widely practiced in the
past, so optimum configurations and operating rules have not fully evolved.
Many of the guidelines given for conventional filters are also applicable to
activated carbon filters.

Filter depths generally vary from 0.8 to 3.0m (2.5 to 10 ft), with an
activated carbon layer of 0.3 to 1.5 m (1 to 5 ft) overlying a laver of coarse
gravel above the underdrain system. An intermediate layer of sand, 15 to 46 cm
(6 to 18in) is sometimes used between the activated carbon and the gravel.
Flow rates through the activated carbon filters are wusually 120 to
300 m3/mZ/day (2 to 5 gpm/ft?). '
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The activated carbon medium must periodically be replaced with new or
regenerated activated carbon. Replacement cycles can vary from 1 to 3 years
for taste and odor removal down to 3 to 6 weeks for removal of haloform
precursors. Regeneration involves (1) removing the spent carbon as a slhurry,
(2) dewatering the slurry, (3) feeding the carbon into a special fumace where
the regeneration occurs, (4) water quenching the carbon, and (5) returning it
to use. From 5 to 10 per cent of the carbon is lost during this process. The
choice among the alternatives of - on-site regeneration,” purchase of new
activated carbon, or shipment of spent cdarbon to a regeneration center will be
governed by economic considerations.

Furnaces for carbon regeneration can be purchaséd for on-site use, but the
smallest of these has capacity for regenerating 1,360 kg/day (3,000 lb/day) or
the carbon requirements at plants having flows of between 38, OOO to
76,000 m3/day (10 to 20 mgd). Therefore, on-site regeneration is not
economical for small water facilities. Often located near activated carbon
production facilities, regeneration facilities may be too far removed for
economical use by a small water treatment plant. If an existing regeneration
center cannot be used, construction of a regional facility for activated carbon
regeneration should be considered for use by a number of small communities.
If drinking water regulations for halogenated organics are established and
granular activated carbon is used extensively for precursor or haloform removal,
‘the demand for regeneration facilities will increase.

An alternative to construction, operation and maintenance of an activated-
carbon filter is use of an ‘“‘adsorption service”. The service consists of a
complete modular system furnished to the municipality for a monthly service
fee. Delivery of new carbon and removal of exhaustéd carbon is then the
responsibility of the leasing company. ‘

c. Applicability and Recommendations. Activated alumina is recom-
mended for removal of arsenic and/or excessive fluoride. Activated carbon can
be used for a variety of purposes. Powdered activated carbon is normally used
only for taste and odor control or for treatment of color. An econom:c analysis
should be used to determine the applicability of granular activated carbon for‘
removal of foaming agents, mercury, and organic pesticides. Granular activated
carbon is usually not economical for treatment of color or tastes and odoss.
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Replacement or regeneration of spent carbon is of concern when using
granular activated carbon. Alternatives available to small water treatment
facilities are purchase of new carbon, regeneration of spent carbon at a
regeneration center, or use of an adsorption service.

~ 4. Clarification

Coagulation, rapid mixing, flocculation, and sedimentation are the
individual processes which make up clarification. Substances producing color
and turbidity can be removed by the clarification process. Clarification can also
be used in the softening of hard water with lime or lime and soda ash.

Clarification followed by filtration is the most widely used process to
remove substances producing turbidity in water. Raw water supplies, especially
surface water supplies, often contain suspended substances causing unacceptable
levels of turbidity. These include mineral and organic substances and
microscopic organisms ranging in size from 0.001 to one micrometer. Particles
‘in this size range are often referred to as ‘“colloidal’” particles. Larger particles,
such as sand and silt, readily settle out of water during plain sedimentation
(without use of chemical coagulation), but settling of colloidal particles using
plain sedimentation is not practical. An important characteristic of particles
suspended in water is the ratio of particle surface area to mass. For large
particles the ratio is relatively low and mass effects, such as sedimentation
under the influence of gravity, dominate. On the other hand, particles in the
colloidal size range have a relatively large surface area-to-mass ratio and these
particles exhibit characteristics dominated by surface phenomena, such as
electric charge. Plain sedimentation, on a practical scale, will not remove
particles of colloidal dimensions. Coagulation and flocculation processes are
required to remove these small particles in sedimentation basins.

a, Coagulation. The terms “‘coagulation” and *“‘flocculation™ are often
used interchangeably to describe the overall process of conditioning suspended
matter in water so that it can be readily removed by subsequent treatment
processes. The coagulation and flocculation processes, though closely related,
are distinct and separable and are defined as follows: the term ‘“‘cuagulation™
means a reduction in the forces which tend to keep suspended particles apart.
The reduction of these repulsive forces allows small particles to join together to
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form larger particles which settle readily. The joining together of the small
particles into larger, settleable and filterable particles is called ‘“flocculation”.
Thus, coagulation is the precursor of flocculation.

CoIIbidaI particles in suspension in water have electrical charges at their
surface. These charges are usually negative. The charge at the surface of the
particle causes the particle to attract oppositely charged ions present in the
water. The oppositely-charged ions are bound to the outer surface of the
particle and form a “layer” around the particle. Thus, if: most of the suspended
particles in a naturally-occurring water have a layer of positively-charged ions
around them, the particles cannot approach each other because of the repulsion
between the positively-charged layers of each. The electrical strength at the
outer surface of the layer of bound ions is frequently referred to as the *‘zeta
potential”. The magnitude of the zeta potential provides an indication of the
repulsive forces between suspended particles. ' '

Negation of the repulsive forces between particles is generally achieved by
adding salts of trivalent aluminum or iron or a synthetic polyelectrolyte
coagulant to the water containing the particles. The aluminum or iron salts
cause a series of reactions to occur in the water; the net result of which is
reduction of the electrical charges on the particle.

Probably the most frequently wused coagulant is aluminum sulfate
[approximate formula: A[5(804)3°14.3H,0], averaging about 17 per cent
A1503; also called “alum” or “filter alum”. Other aluminum compounds used
as coagulants are potash alum and sodium aluminate, principally the latter,
Salts of iron, such as ferric sulfate, ferrous sulfate, chlorinated copperas
(chlorinated ferrous sulfate), and ferric chloride are also used as coagulants.
Magnesium hydroxide, produced by lime softening of waters high in
magnesium, is another effective coagulant. Organic polyelectrolyte compounds
have also proven effective as primary coagulants. Certain polyelectrolytes, at
low dosage, have been found to significantly enhance the efficiency of turbidity
removal in presedimentation basins, and a number of treatment plant.s'now
utilize polymers for this purpose.

Determination of type and required quantity of coagulant is usually done
through a series of “jar tests”. These tests are performed in a laboratory stirrer
by applying varying dosages of different coagulants to representative raw water
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samples. The coagulant is rapidly mixed in the water, and the mixture is then
stirred slowly to allow flocculation to take place. Comparison of turbidity
removal efficiencies for each of the various coagulants and dosages yields an
evaluation of the best coagulant and dosage to be utilized. Inasmuch as mixing
times and the quality of the raw water vary, a large number of jar tests are
usually required to determine the optimal treatment process. .

The pH of the water to be treated often has a significant effect on
coagulation. Aluminum salts are most effective as coagulants at pH values from
6.0 to 7.8. For iron salts, the range of pH values at which coagulation may
occur is somewhat broader. It is very important that coagulation be carﬁed out
within the optimal range of pH values, and, if the pH is not within this range,
it may be necessary to adjust the pH.

There are very few definitive rules to follow .with respect to coagulation,
but the following are useful approximations:

1. Organic turbidity particles are usually more difficult to coagulate
than inorganic particles.

2. The required dosage of coagulant does not increase linearly with an
increase in turbidity. In fact, very high turbidities often coagulate
more easily than low turbidities because of the increased likelihcod
of particle collisions. ' '

3. If the suspended particles in water are of a wide range of sizes, they
are usually much easier to coagulate than if all the particles are of
similar size.

Some ions of dissolved salts exert influences on the coagulation processes.
Anions exert a much greater effect than cations, and of the common anions
found in nature, the sulfate and phosphate ions have the greatest effect on
coagulation. Sulfate ions tend to broaden the pH range in which effective
coagulation takes place. '

In some cases, coagula_tion can be improved by the use of-coagulant aids
in' addition to the usual aluminum. or iron coagulants. The most widely used
coagulant aids are activated silica, bentonite clays, and polyelectrolytes.
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A partially neutralized sodium silicate solution is known as “activated
silica™.- It is often used as an aid to coagulation because it lowers the required
coagulant dose, increases the rate of coagulation, broadens the pH range of
effective coagllai_tion, and causes the floc particles to be tougher, which may
result in longer filter runs. However, preparation of the sodium silicate solution
is difficult, and unless carefully applled activated silica may actually hmder
coagulation and shorten filter runs. ' :

In water containing high color and low turbidity, the floc produced by the
addition of the aluminum or iron coagulant is often too light to settle rapidly.
Since clays similar to bentonite have a high specific gravity, the- addition of
particles of bentonitic clays causes the floc. to have a higher specific gravity,
and it settles more readily. Dosages of bentonitic clays generally range from 10
to 50 mg/l.

There are a large numbeér of commercial polyelectrolytes currently
available. Polyelectrolytes are long-chain organic compounds which contain
repeating units of small molecular weight. Each of the units has an electrical
charge associated with it, which gives the long-chain molecule a large number of
similar electrical charges. Polyelectrolytes with negative charges are termed
“anionic”, while those with positive charges are termed ‘‘cationic”. Those
having essentially no charge are called “nonionic”. Polyelectrolytes act as
bridging mechanisms between particles in water, and cause small floc particles
to -agglomerate into large floc particles, with greatly reduced settling times.
Anionic and nonionic polyelectrolytes are often used as coagulant aids in
conjunction with metal coagulants. Cationic and nonicnic polyelectrolytes, used
without metal coagulants, have proved effective in reducing turbidity in the
first stage of treatment of waters of high turBidity. Optimum dosages of
polyelectrolytes, which are usually quite low, must be determined by."a series of
jar tests. . '

b. Rapid Mix. In the water treatment plant, coagulation and
flocculation are usually effected in two separate mechanical operations. The
first operation involves rapid mixing of the coagulant and other chemicals, if
needed, including those for pH adjustment and ﬂocculatlon aid, in a small rapid
mix chamber. The purpose of rapid mixing is to unlformly distribute the
applied chemicals in the water. The interaction between chemical coagulants
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and turbidity particles occurs very quickly, so it is essential that the chemical
coagulant be rapidly mixed into the water to insure that the coagulation
process proceeds uniformly. Generally, rapid mixing is accomplished by creating
turbulence with propellers or impellers. As approximate guidelines, the water
flowing into a rapid mix chamber usually requires from 20 seconds to two
minutes to flow through the chamber, and the mixing units usually need 0.3 to
0.6 W per m3/day (1 to 2hp per ft3/second). In small water treatlment
facilities, pumps can also be used for mixing.

A useful parameter in the design of rapid mix facilities is the power input
into the water, as measured by the velocity gradient G. Rapid mixing is best
achieved at G values of 500 sec™! to 1,000 sec:1 and detention times of about
two minutes, although shorter detention times are often used effectively.
Longer detention times for these values of G result in negligible mixing
improvement. If high G values (10,000 sec'l) are maintained for as long as
two minutes, the subsequent floc formation processes are retarded significantly.

¢. Flocculation. As previously defined, flocculation is the joining
together of small particles into larger, settleable, filterable particles. The
primary force of attraction between colloidal particles present in water is the
van der Waals force, which is a cohesive force in existence between all atoms.
If the repulsive forces between particles, as described under a) Coagulation, can
be sufficiently reduced to allow van der Waals forces to predominate, the
particles will stick together and form larger particles which settle out of the
water more readily. '

The likelihood of collisions between particles is often enhanced by slow
mechanical- mixing or agitation (“flocculation™) of the water. As more and
more particles are joined together, they form flocculent masses which will
subsequently settle out of the water. Any particles which are struck by the
flocculent material as it settles to the bottom are ensnared in the flocculent
mass.

Flocculation, which follows coagulation, is usually accomplished in large
tanks with some type of mechanical mixing. The mixing in these basins is
intended to promote collisions of the coagulated particles. The motion
imparted to the water in the flocculation basins must be much gentler than the
motion in the rapid mix chambers; otherwise, the shear forces in the turbulent
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water would break up agglomerated floc particles. Mixing for flocculation is
often accon‘iplished through the motion of a series of paddles rotating either
parallel or perpendicular to the direction of flow through. the basin. Baffles
should be provided. between each set of paddles to minimize short circuiting.
Walking beam flocculators and vertical axial flow flocculators are commonly
used, and can be placed in e‘xisting basins.

As in the case of rapid mixing, the value of the velocity gradient G is
useful in estimating the effectiveness of mechanical agitation in flocculation
basins. The optimal range in values of G appears to be between 20 sec’! and
70 sec™1. If the velocity gradient is multiplied by the detention time in seconds,
an additional parameter GT is obtained. This nondimensional parameter can be
used to characterize flocculation basins. Conventional values of GT range from
30,000 to 150,000. Detention times resulting in the best flocculation usually

are between 2Q and 60 min.

d. Sedimentation. After the coagulation and flocculation processes have
been completed, the water must pass through a relatively large basin at low
velocity. to allow the floc particles to settle out. This settling-out process is
generally called “‘sedimentation™ or “clarification”. The particles- removed
during this stage of water purification are usually small and not of high
density; consequently, large tanks are needed to achieve the quiescent
conditions necessary for settling. In the preliminary water treatment process of
“‘plain sedimentation”, only the heavier particles, such as grains of sand, are
removed from the water, as contrasted to the amorphous floc removed in the
post-flocculation sedimentation process.

The most common types of sedimentation basins are the rectangular,
horizontal flow and the center-feed, radial flo“}. In all types of basins, the
design objective is to obtain, as nearly as possible, the condition of ideal flow
through the basin. Ideal flow for a rectangular basin requires that all of the
water entering at one end of the basin should flow in parallel paths of equal
velocity to the effluent end of the basin. Ideal flow exists in a circular basin if
the centrally-fed water moves in radial paths of equal velocity to the outlet
channel of the basin. This ideal flow cannot be attained under actual operating
conditions because of imperfect inlet and outlet arrangements, friction,
turbulence, short circuiting, etc. : .

IvV-17.



A minimum of two sedimentation basins is usually preferred. However, for
many small water treatment plants, two basins ar¢ not practical. Use of a single
sedimentation basin is recommended only if adequate storage is available to
meet water demands while the basin is out of service. If more than one basin is
provided, flow division between the basins should be accomplished prior to
application of coagulating chemicals. Thus, the plant would have multiple
parallel-operating, coagulation, flocculation and sedimentation units.

Rectangular basins vary in width from 1.5 to about 7.3 m (5 to about
24 ft). An approximate width to length ration of 1:4 is common. Basin depths
generally range from 2.1 to 4.9 m (7 to 16 ft). Under comparable conditions,
deeper basins usually perform better than shallow ones. In general, the basins
should be sized to provide an average detention time of 2 to 6 hours. Special
conditions may dictate deviation from these general criteria; detention periods
in the range of 8 to 12 hours, or more, may be desirable for the treatment of
highly turbid waters. If the space available for sedimentation basins is severely
limited, the construction of multiple-story basins, in which the water flows
horizontally. along one level and then passes upward or downward to flow
horizontally along another level, may be warranted.

An important parameter in the sizing of sedimentation basins is the
“overflow rate”, which is defined as the flow rate divided by the surface area
of the basin. The overflow rate is usually expressed in terms of m3/m2/day
(gpd/ft2). In theory, if the settling velocity of a'particle is greater than the
overflow rate of the basin and ideal flow exists, the particle will settle out of
the water before the water leaves the basin.

Actual:sedimentation basins are designed to reduce currents which produce
short circuiting and hinder settling. These currents may be the result of inlet or
outlet induced turbulence, wind action, density differences, sludgg build-up on
bottom, etc. The settling rates of alum floc in a conventional sedimentation
basin generally range from 0.17 to 0.26 mm/sec, equivalent to overflow rates of
14 to 22 m3/m2/day (360 to 550 gpd/ftz). If the particles to be removed settle
more rapidly than alum floc, the area of the basin should be reduced
proportionately; and conversely, if the particles settle more slowly, the area of
the basin must be increased.
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Estimates of suitable overflow rates for sedimentation treatment of water
of a given quality can be obtained from cylinder settling tests conducted in the
laboratory. The test procedure should approximate full-scale treatment and
settling velocity distribution curves showing fraction of turbidity remaining as a
function of settling velocity should be developed for each test seties.(1]

A large number of carefully conducted tests are required to assess
adequately the influence of variations in raw watér quality on coagulation,
flocculation and settling. For example, water temperature has a significant
effect on particle settling rates. If the settling rate of a particle at 30°C (86°F)
is 2.2 mm/sec, it would be 1.4 mm/sec at 10°C (50°F) and only about
1.0 mm/sec at 0°C (32°F). The increase in viscosity of the water at lower
temperatures greatly reduces settling rates. Settling rate determinations should
include tests at the lowest water temperature that will be encountered.

Application of laboratory settling data to actual basin design requires the
exercise of considerable judgment. Experience at existing plants treating the
same or similar raw water may provide valuable guidance and should be
carefully reviewed prior to final decisions on treatment methods, size of basins,
ete.

Flocculation-sédimentation basins, usually circular in plan, can be used to
combine the functions of flocculation and sedimentation. Flocculation is
.accomplished in a circular center well. Sedimentation occurs in the annular

space between the flocculation section and the perimeter effluent weir.

Suspended solids contact clarifiers combine mixing, coagulation, floccula-
tion, sedimentation, and sludge removal in a single unit. This type of clarifier
can be very practical for small systems. Coagulation and flocculation take place
in the presence of floc which has been formed previously and cycled back to
the primary mixing and reaction zone. This process maintains a high
concentration of floc particles and enhances the probability of particle
~ collisions. Settled sludge is removed from the unit continually. The use of these
units usually results in a reduction in the space required for treatment facilities,
and may result in a cost reduction. Solids contact clarifiers are widely used in
connection with lime-soda softening.

A recent development, the “tube’ settler, may be used advantageously at
some installations, particularly if the capacity of existing sedimentation basins
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must be increased or if little space is available for the construction of new
sedimentation basins. Tube settlers may increase the capaciiies of sedimentation
basins by 50 per cent or more. For more detailed information on tube settlers,
refer to section V, Upgrading Existing Facilities.

Water containing the suspended particles is “often introduced to the
circular basin through a central influent well. The inlet pipe into the influent
well is placed either beneath the basin or suspended from a bridge between the
influent well and outer wall of the basin. The water is discharged from the
influent well into the circular basin, where it flows radially outward toward
outlet troughs along the perimeter of the basin. As in the case of rectangular
basins, the water inlet must be designed so as to minimize turbulence in the
influent flow. A cylindrical baffle at the center of the basin is the most
common type of influent well in use. The outflow from circular basins is
generally “ collected in an outflow channel which follows all or most of the
periphery of the basin. '

Peripheral-feed, circular tanks are also employed. Water is distributed
around the tank perimeter and flows radially toward effluent collection
facilities located in the center.

1. Inlet Arrangements. Inasmuch as the effectiveness of sedimentation
basins- is dependent on the degree of attainment of uniform; quiescent flow, it
is essential that the water entering the basin be distributed to minimize
turbulence or intertial currents. -Also, the velocities of the water in the pipeline
or flume. carrying water to the sedimentation basin must be about 0.15 to
0.6 m/s (0.5 to 2.0 ft/s). Lower velocities will result in deposition -of the floc
and sediment in the pipe or flume, higher velocities may cause breakup of the
flocculated particles.

Where inlet pipelines or flumes are used, the conventional methods of
uniformly distributing the water at the influent end of the basin are through
horizontal or vertical slots in a baffle wall, or through a series of orifices in an
inlet chamber. The efficiency of most sedimentation basins is highly dependent
on the design of the inlet arrangement.

2. Qutlet Arrangements. V-notch weir plates are often used for basin
outlets, and these should be installed with provisions for-vertical adjustment to
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insure uniform flow along the length of the weir. Weir rates commonly vary
from 140 to about 270 m3/day/m (8 to about 15 gpm/ft), with the higher
values for heavier floc, such as that derived from lime softening. Submerged
orifices are also used for basin outlets. Advantages of this type of outlet over
the V-notch weirs include: (1) climatic effects of wind and ice are reduced and
(2) volume above the orifices is available for storage while fiiter is backwashed.
The recommended maximum velocity through submerged orifices is 0.6m/s
(2 ft/s). Higher velocities may cause currents which inhibit settling or break up
the flocculated particles.

3. Sludge Removal The solids which settle to the bottom of the
sedimentation basin are called “sludge”. This sludge must be removed from the
bottom of the basin before the depth of the slﬁdge becomes great enough to
interfere with effective sedimentation. If the sludge layef becomes too thick,
the effective volume of the basin is decreased resulting in an increase in the
velocity of the water flowing through the basin. The higher velocity of water in
the basin increases the friction between the sludge layer and the water, with
the result that sludge particles are resuspended and enter the outflow from the

basin.

" Settled sludge can be removed in either of two ways: (1) by taking the
sedimentation basin out of service periodically for cleaning, usually by flushing,
or (2) by mechanical sludge collectors which consist of slow-moving,
mechanically-driven scrapers. Almost all sedimentation basins are now cleaned
by mechanical devices rather than by taking them out of service. Sludge
scrapers force the sludge into hoppers located at the influent end of the
recténgUIar sedimentation basins. The sludge is drawn off from the hoppers and
discharged to a point of disposal. These scrapers must move at low velocity so
as to avoid interfering with the settling process. The bottoms of rectangular
sedimentation basins are sloped toward the sludge hoppers to facilitate the
action of the mechanical sludge collectors. The most common slope used is
1:100 (vertical: horizontal).

e. Softening. Water softening is the process of reducing hardness.
Hardness is caused principally by calcium and magnesium ions in water.
Softening of the entire supply is usually justified when total hardness exceeds
300 mg/l and may prove economically advantageous at hardness levels above
200 mg/l.
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Two general types of processes are used for softening. These are the lime-
soda ash process and the cation ion exchémge process,.doften called the zeolite
process. The lime-soda ash process is used principally at water treatment plants
serving a fairly large population. The cation exchange process can be similarly
applied and, in addition, is adaptable to small water treatment facilities.

. Equipment, basins, and filters required for lime softening are generally
similar to the facilities used in conventional coagulation-filtration plants. In
fact, many filtration plants, not originally ‘designed for softening, have been
converted to softening plants by the installation of necessary facilities.

Many lime softening plants, particularly those treating ground water, use
solids contact type basins. These basins provide the functions of mixing, sludge
recirculation, sedimentation and sludge collection in a single unit. Basins of this
type, if properly sized, will provide effective softening and clarification
treatment. ' '

A disadvantage of any lime softening process is the production of a large
volume of sludge of high water content..Provision for sludge disposal in an
environmentally acceptable manner must be considered in designing a lime
softening plant.

Cation exchange or “zeolite” softening is accomplished by exchanging
calcium and magnesium ions for a cation, usually sodium, which does not
contribute to hardness. Basically, this exchange consists of passage of water
through a bed of granular sodium cation media. The calcium and magnesium in
the water react with the media and are replaced with_an‘ equivalent amount of
sodium. This reaction is reversible and the exchanger can be regenerated with a
strong solution of sodium chloride {common salt). Disposal of backwash water,
brine waste and rinse water must be carefully considered. As water with an
increased sodium content. is produced by cation exchange softening, this
process may not be desirable for individuals on low sodium diets. Softening of
hard water using the ion exchange process is discussed in detail.in section IV 8.

f. Applicability and Recommendations. Clarification facilities are
readily adaptable to small water treatment systems. Rapid mix, coagulation,
flocculation and sedimentation are recommended for removal of turbidity and
color. Also, labor'atory tests have indicated clarification, followed by filtration,
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.effective in removing the following contaminants: arsenic, cadmium, chromium,
lead, mercury, selenium, silver, radium, endrin and 2,4,5-TP (Silvex). Also an
aid in reducing the bacteria level, clarification should not be used in place of
disinfection. Before the clarification process is selected for treatment of any
contaminant other than turbidity or color, operational tests with full-size
| equipment should be performed. '

For design of rapid mix facilities, a2 detention time of 20 to 30 seconds
and a velocity gradient, G,of 1,000 is recommended. An alternative to the
conventional rapid mix chamber is the use of pumps for mixing. However, a
disadvantage of using pumps is that the mixing cannot be controlled.

- The minimum detention time recommended for a flocculation basin is 20
to 45 minutes, depending on the material to be flocculated. Vertical axial flow
turbines - are appropriate for the majority of small water treatment systems.
Paddle reel flocculators parallel to the flow should be compared to vertical
axial flow turbines for use in all but the smallest treatment plants.

Two settling basins are recommended as a minimum for most treatment
facilities. Very small systems such as those using package plants, however, may
use a single sedimentation basin if storage is provided. Flocculation—
sedimentation basins are appropﬁate for use in small water treatment plénts as
are tube settlers. Settling tubes are most commonly used in package water
treatment plants and in modification of existing facilities.

Cation exchange or ‘“‘zeolite” softening is weli-suited for use in small water
treatment systems. In addition to hardness reduction, cation exchange softening
is also an effective method for radionuclide reduction. Lime softening is not
recommended for small water treatment facilities unless an analysis indicates it
to be economically desirable compared to ion exchange softening. I.aboratory
tests have indicated lime softening effective in removing arsenic, barium,
cadmium, chromium, fluoride, lead, mercury, selenium, silver, radioactive
contaminants, copper, iron, manganese, zinc and, to a certain degree, TDS.

5. Filtration

Filtration of water is defined as the separation of colloidal and larger
particles from water by passage through a porous medium, usually sand or
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granular coal. As water passes through the medium, the suspended particles in
the water are either left in the interstices between the grains of the medium or
left on the medium itself. Sand filtration will remove particles much smaller
than the void spaces between the sand grains. This phenomenon is probably
due principally to the fact that a bed of sand or other similar granular material
possesses a huge surface area, much of which is in contact with the water and
the particles suspended in it. The particles are attracted to the surface of the
granular medium and are held there by relatively strong surface forces. These
surface forces are apparently large enough to attract and bind particles to the
medium surface even though the particles may bear the same electrical charge
as the filter grains. The suspended particles removed during filtration range in
diameter from about 0.001 to 50 micrometers and larger.

Water filters can be classified in various ways. They may be identified
hydraulically as slow-or rapid, depending upon the rate of flow per unit of
surface area. Filters are also classed according to the kind or type of filter
media employed, such as sand, anthracite coal, coalsand, multilayered, mixed
bed, or diatomaceous earth. They may be described-according to the direction
of flow through the bed, that is downflow, upflow, biflow, fine-to-coarse, or
coarse-to-fine.

Filters are also commonly distinguished between pressure and gravity (or
free surface) filters.

a. Gravity Filters.l Gravity filters are free surface filters and as their
name would imply, are used for filtering water under gravity flow conditions.
Gravity filters are distinguished from pressure filters and are much more
commonly used for municipal applications. The various media types previously
discussed.i':lay be used in gravity or pressure filters. Gravity filters are typically
characterized by downflow operation followed by an upflow washing of the
filter media to remove the foreign material collected in the bed.

b. Pressure Filters. Pressure filters are very similar in filter bed
construction to a typical gravity filter; however, in a pressure filter the entire
filter apparatus, including media layer, gravel bed, and underdrains, is enclosed
in a steel shell. An advantage of a pressure filter is that any pressure in the
water lines leading to the filter is not lost, as in the case of gravity filters, but
can be used for distribution of the water once it has passed through the
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pressure filter. About 0.9 to 3 m (3 to 10 ft) of pressure head is lost in friction
through the filter bed, but any pressure in excess of this can be utilized for

water distribution. _
A disadvantage of pressure filters is the potential loss of media during
backwash which cannot be observed.

¢. Diatomite Filters, A special type filter which is usually operated
under pressure is the diatomite filter. It consists of a layer of diatomaceous
earth supported by a septum or filter element. This layer of diatomaceous earth
is about 3.2mm (1/8in) thick at the beginning of filtration and must be
maintained during filtration by a constant body -feed of diatomite filter
medium to the influent unfiltered water. At the .conclusion of a filter run, the
layer of distomaceous earth will have increased in thickness to about 13 mm
"(1/2 inch). Filtration rates generally vary from 30 to 120 m3/m2/day (0.5 to
2.0 gpm/ft). The chief difficulty in using diatomite filters is in maintaining the
diatomaceous earth film of uniform permeability and filtering capability.
. Applicable methods for disposal of diatomaceous earth filter sludge include use

of ‘a lagoon or landfill.
d. Media.

- 1. Single Media, Single media filters are those which employ only one
type of filtering medium as opposed to dual and mixed media filters. Types of
single media filters include rapid sand, slow sand, and anthracite. The vast
majority of present-day water plants use single media filters with the most
common type being rapid sand filters.

Rapid Sand Filters. Rapid sand filters are those filters which commonly
operate at rates of about 120 to 240 m3/m2/day (2 to 4 gpm/ftz). A
“standard” rate for rapid sand filtration of surface waters is 120 m3/m2/day
(2 gpm/ft2) while ground waters are usually filtered at 180 to 240 m3/m?/day
(3 to 4 gpm/ftz). If higher rates are to be used in design, great care must be
taken to insure that all prefiltration treatment processes including coagulation,
flocculation and sedimentation will perform satisfactorily and consistently. High
rate filter operation requires excellence in prefiltration treatment.

The filter medium, which has traditionally been silica -sand, is generally
supported on a gravel bed. Beneath the gravel bed lies an underdrain system
which collects the filtered water. The filter sand layer is generally about 64 to
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76 cm (25 to 301in) thick and the supporting gravel bed is usuélly 30 to 46 ¢cm
(12 to 18 in) thick. Head loss through a clean filter is about 0.3 m (1 ft) and
the filter is cleaned by backwashing when the head loss reaches about 2.4 m
(8 ft). : '

The filter sand usually has an effective size of 0.35 to 0.50 mm and a
uniformity coefficient of 1.3 to 1.7. The “effective size” of a sample of sand is
a grain diameter such that 10 per cent by weight of the sample has smaller
diameters. The “‘uniformity coefficient” is the ratio of the grain diameter with
60 per cent of the sample smaller to the grain diameter with 10 per cent of the
sample smaller. A sand to be used as a filter medium is tested by sieve analysis
to determine the gradation of grain sizes in the sand. Sand finer than about
0.3 mm stratifies at, or near, the surface of the filter, thereby shortening the -
filter runs. Sand coarser than 1.2 mm is generally too large to effect good
removal of suspended matter. Filter sand should be clean and have a specific
gravity of not less than 2.5. For filtration of low pH water, the sand should
not lose more than 5 per cent by weight when placed in hydrochloric acid.
Filter sands for use in water softening plants are somewhat coarser than those
indicated above. For detailed specifications for filtering material, reference
should be made to “AWWA Standard for Filtering Material”, AWWA B100-72,
as published by the American Water Works Association.

The gravel bed beneath the filter sand is designed to keep the sand from
passing into the underdrains and also to distribute the wash water uniformly
during' backwashing. Ideally, the gravel bed should be composed of well
rounded gravel, with a uniform variation in diameter from the top of the bed
to the bottom, ranging from about 1.6 mm (1/16 in) at the top to about
25 mm’ (lin) at the bottom. It is important for the gravel to have few
irregularly shaped (thin, flat, jagged) stones and to be essentially free of soil,
sand,. or organic residue of any kind.

The filter underdrains are placed at the bottom of the gravel bed and serve
a dual purpose: (1) to collect the filtered water, and (2) to distribute
backwash water uniformly beneath the filter sand and gravel bed. Types of
underdrains include perforated pipe-grids and false bottom systems of various
types. Perforated pipe-grid underdrain systems have been used; however, the
false bottor systems are preferred.
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Porous plate or porous block false bottoms are suitable where deposition
within the pores of the plates or blocks is not a problem. If deposition occurs,
the plates or blocks must be cleaned promptly as otherwise there will be a
progressive, undesirable increase in head loss across the plates. Structural failure
may occur during backwashing if clogging is severe. Some false bottom systems
employ vitrified clay blocks containing orifices; others are constructed of
concrete and contain orifices terminating in inverted square. pyramids filled
with large and small earthenware spheres. A varety of underdrains of the
false-bottom type have been developed and used successfully.

Slow. Sand Filters. Slow sand filters have a similar configuration to rapid.
sand. filters with a bed of sand supported by a layer of gravel. The filtration -
rate for slow sand ‘filters ranges from 2.9 to 5.9 m3/m2/day {0.05 -to
0.10 gpm/ftz) thus ‘requiring large land areas. For this reason, slow sand filters -
have not been constructed in the United States in recent years.

Anthracite Filters. Anthracite coal is another filter medium which is used.
in single 'media filters. Coal has a lower specific gravity than sand and has .
greater bed porosity for a given effective size, The layer of anthracite. coal .
media used:in a filter ‘should be about 60 to 76 ¢cm (24 to 30 in) deep with an:
effective: size less than 1.2 mm. The specific gravity of the coal should be at
least 1.5, since coal'particles with lower specific gravities will.often be carried:
away in the backwash water, even at minimal rates of backwash flow,
Operating rates for anthracite coal filters usually. range from about:120 to
240 m3/m?2/day (2 to 4 gpm/ft2). :

Activated Carbon Filters, Granular activated carbon may be used as-a
filter medium for removal of taste and odor causing organics. Commonly a
layer or bed of activated carbon will be placed on top of the conventional filter
bed .rather than.completely replacing it. A further, more complete discussion of
activated carbon and its uses is included in section IV 3b.

2. Dual Media. * Dual media filters are those employing two types:-of
filtering media usually arranged in a coarse to fine configuration with coarse
media on top. An anthracite coal-sand arrangement is the most common type
of dual media combination. Typically, coal-sand filters consist of a coarse layer
of coal about 46 cm (18 in) deep above a fine layer of sand:about 20 ¢m (8 in)
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‘deep. Some mixing of coal and sand at their interface is desirable to avoid
excessive accumulation of floc at this point. This intermixing also reduces the
void size in the lower coal layer causing it to remove floc which otherwise
might pass through. The coarse to fine media arrangement has an advantage
over a single media filter because the effective depth of the filter bed is
increased as is the length of filter runs. ’

In a conventional rapid sand filter with a single sand layer that has been
hydraulically classified by backwashing, the smallest sand grains will be near the
top of the bed. Any suspended matter that passes through the top few inches
of sand may pass through the entire filter bed. Thus, the effective depth of a
traditional rapid sand filter is only a few inches. However, when a coarse
medium is placed over a fine medium the filtration ability of the unit is
increased, since the larger particles in the water will be removed in.the coarse
medium and the smaller particles will be removed in the fine medium. Flow
rates for dual media filters’ can thus be.increased to about 240 m3/m2/day
(4 gpm/ft2).

3. Mixed Media. Mixed media filters are those filters employing more
than two types of filtering media arranged in a coarse to fine configuration.
Typically, the mixed media: bed consists of three layers: coal with specific
gravity of 1.4 on top, sand with specific gravity of 2.65.in the middle, and
garnet with specific gravity of 4.2 on the bottom. They are normally used in
the proportions of about 60% coal, 30% sand, and 10% garnet by volume.
After backwashing, the three materials become mixed thoroughly 'throughout
the depth of the bed. The top of the bed is predominantly coal, the middle is
predominantly sand, and the bottom is mostly gamnet, but all three are present
at all depths. In a properly designed mixed media bed, the pore space and the
average grain size decrease uniformly from top to bottom. Just as in single and
dual media filters, the bed is underlain by a layer of supporting gravel.

The vast surface area of the filtering media greatly increases the length of
filter runs. The total surface area of the grains in a mixed media bed is inuch
greater than for a sand or dual media bed, which makes it much more resistant
to breakthrough and more tole;‘ant to surges in flow rates. One of the primary
benefits of the m.iiied media bed is an improved finished water qluality.
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e. Backwashing Facilities. Filter backwashing invoives washing the filter
media to remove the material that has been filtered from the water. This
material consists of particles trapped in pore spaces as well as on the surface of
the filter media. Backwash water is applied to the underside of the filter bed
through the wunderdrains, which should be designed: to provide an even
application of wash water to the filter. The wash water containing the material
removed from the filter medium is carried away in wash water iroughs, located
above the surface of the filter medium. Backwashing is necessary whenever the
head loss through the filter exceeds the acceptable value, usually about 2.4 m
(8 ft), or when effluent turbidities are unacceptably high.-

The water used for washing the filters should be obtained from protected
storage and can be gravity or pumped flow. As a minimum, sufficient wash
water should be available to -allow backwashing of any filter at up to
1200 m3/m2/day (20 gpm/ftz)- for. 10. minutes., Installation  of standby
backwash pumps should be considered to insure reliability. The need for
backwash pumps can be eliminated by construction of an adequately sized
wash water tank at an elevation sufficient to provide the required flow. The

choice between clevated storage tanks and the use of backwash pumps must be

made on a case-to-case basis. Wash water tanks are -usually filled: by small
pumps automatically controlled by the water level.in the wash water tank. The
amount of wash water required will generally average about one per cent. of-the
water filtered and should not exceed five per cent. .

In .addition to the backwash facilities, some filters are also installed with
surface wash facilities. Filter agitation would better descnbe its functlon as the
surface wash aids in cleaning much more than the filter surface.

The backwash process does not always wash away “all waste matenal and
mud balls can form from the agglomerated waste within the’ ﬁ]ter and on the
surface of the filter media. These mud balls can eventually ‘become large
enough to clog portions of the filter. An adequate surface wash will prevent
mud ball formation because it aids in agitation of the entife filter bed during
the backwash process. . . - ‘

Rotary washers are the most common type of surface wash equlpment,
however, fixed jets are also used. The surface wash system usually consists ‘of
horizontal pipes containing a series of nozzles. The horizontal pipes are
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connected by vertical pipes to water lines above the filters. The nozzles have
small orifices .through which water is forced down onto the filter surface.
Surface washers are usually started in advance of the normal backwash flow and
are turned off just before the end of the backwash period. Surface wash
systems are commonly used with all types of filters,but are especially necessary
for dual and mixed media filters to obtain adequate cleaning deep within the
bed. )

- f.  Filtration Aids. In order to improve the filtrability of the water and
to permit’ higher: :filtration rates, it is often advantageous "to .ad'd‘.-a-
polyelectrolyte to - the settled water prior to'.itspassage through the filter.
Polyelectrolytes, also known as polymers, are high molecular . weight, water
soluble compounds ‘which can be used as primary coagulants,.settling aids, or
filtration ‘aids. A filtration aid will increase the strength of the chemical floc
and aid:in' controlling the depth of penetration of floc into.the filter.:It: is
usually added direc'\tly to the filter influent and the dosage required is normally.
less than 0.1 mg/l. :

The use of a filtration aid is usually warranted only for coarse-to-fine
filters which includes dual media and mixed media filters. Conventional
fine-to-coarse rapid sand -filters: are rapidly sealed off at the surface when
filtration aids-are used. ® '
© .7 'g. - Applicability and Recommendations.  As discussed ‘in section [V4;.
Clarification, - filtration after clariﬁcation' is used in -the removal of numerous
¢ontaminants. Rapid sand filters: are an acceptable means of water filtration for
most requirements and are quite commonly used today. Dual and mixed media
filters are .not as widely used, but are capable of producing an effluent of
tﬁgher"quéﬁtyl: : o

| Dual: media -filters, - usually--of the coal-sand variety, can be -operated at
higher rates-than rapid sand filters with an increase in length of filter runs.
Mixed media filters are an improvement over dual media filters allowing for
operation-at even higher rates with longer filter runs. The variations in filter
media only slightly affect the cost of the total filter. A surface wash system
should also be installed in the mixed media filter to aid in backwashing.
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Activated carbon filters are to be considered as a method of removing
taste and odor causing organics from water. As discussed in section IV A 3b,
they may be used in place of,or in addition to,conventional filters. The use of
separate activated carbon beds will be more expensive, but is preferred.

In general, gravity filters are more commonly used than pressure filters in
municipal applications although either is an acceptable means of filtration. The
major disadvantages of pressure filters are that they' are completely enclosed
within a steel shell. Thus, access to the filter bed for normal observation and
maintenance is restricted. The steel shells also .-require careful periodic
maintenance to prevent internal and external corrosion. However, for ,small
systems, the use of pressure filters as opposed to gravity filters is often
advantageous. Initial investment cost savings may be realized and if the pressure
requirements and conditions in a particular system are such that finished ‘water
pumping can be reduced or eliminated through the use of pressure filters,
additional cost savings may be realized.

6. - ‘Disinfection

As - currently practiced in the water treatment industry, disinfection
involves destruction or deactivation of objectionable organisms. These organisms
ma‘y be objectionable from the standpoint of either health or aesthetics. They
consist of certain classes of bacteria, viruses,” protozoa; .and some larger
organisms. Inasmuch- as the health of water consumers is of major concern.to
those responsible for supplying ‘water, design. of facilities for -disinfection must
necessarily be carefully executed.. . '

Chlorination, including the use of chlorine dioxide, and ozonation are the
most frequently used methods of disinfection for potable water treatment.
Other means of disinfection have been attempted with varying degrees of.
success. These include treatment with reverse osmosis, ultra-violet light, heating
of water, addition of elements similar to chlorine such as bromine or iodine,
and addition of metal ions such as silver. None has achieved significant
acceptance by the water supply industry. '
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“a. Chlorine. The application of various forms of chlorine to water in
order to effect disinfection has come into such common acceptance that
“chlorination” and “disinfection” are almost considered synonymous. Other
modes of disinfection generally lack the persistence of chlorine or are” more
costly to use than chlorine. .

Terms frequently used in connection with chlorination practice are defined
as follows:

Chlorine Demand. The difference between the concentration of chloriné
added to the water and the concentration of chlorine remaining at the end

of a specified contact period is defined as chlorine demand. Chlorine
demand varies with the water quality, concentration of chlorme applied,
time of contact, and temperature.

Chlorine Residual.  The total concentration of chlorine remaim’ﬁg in the
water at the end of a specified contact period is defined as chlorine
residual. Two types of residuals are encountered in chlorination practice.:
They are designated: ‘“‘combined available residual chlorine™ and “free
available residual chlorine”. They are frequently referred to simply as
“combined residual” and ‘‘free residual”.

Chlorine is applied to water in one of three forms: as elemental chlorine,

as Rypochlorite -salts or as chlorine dioxide. The use of hypochlorites and
chlorine dioxide as disinfectants is discussed in subsequent sections.

. Elemental chlorine added to water forms hypochlorous acid {HOC1) and
hydrochloric acid (HC1) according to the following reaction:

Cl, +H,0 S HOCI+HY +Cr (6-1)
This equation is usually displaced to the right and very little Cl1,5 remains in
solution. Immediately. after the above reaction takes place, the hypochlorous

acid (HOC1) dissociates into hydrogeh and hypochlorite ions, as indicated in
this equation:

HOCI = H+ + ocr , (6-2)
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The degree of ionization is dependent on the pH of the water. At a pH of 6.5,
z_tpproximately 90 per cent of the hypochlorous acid is not dissociated. If the pH
is raised to 8.5, about 90 per cent of the hypochlorous acid will have
dissociated to hydrogen and hypochlorite ions, as indicated in equation 6-2.
Between pH 6. 5 and 8. 5, any chlorine present in the water exists as both
hypochlorous acid and hypochlorite ions. Chlorine existing in water in these
two -forms is defined as “free available chlorine™.

As shown in equations 6-1 and 6-2, the addition of elemental chlorine to
water results in an increase in the number of hydrogen ions (H ) in solution:
ThlS means that the pH of the water is decreased, and treatment for pH
cprrectlon may be required if high concentrations of chlorine are applied.

I Reu’crions.of Chlorine With Ammonia. If chlorine is added to water
containing ammonia, the ammonia and the hypochlorous acid react to form
compounds known as chloramines. Chlorine will also react with compounds
containing both carbon and nitrogen to form organic chloramines. The relative
amounts of the different chloramines formed are dependent on pH, time,
temperature and the quantities of chlorine and ammonia initially present in the
water. Formation .of chloramines greatly reduces the reactivity of the chlorine
and hence longer detention time is required to achieve the same disinfection.

Any chlorine in water which has combined with nitrogen, whether
ammonia 'njtrogen or organic nitrogen, is known as ‘“‘combined available
chlorine.” It is emphasized that the disinfecting power of combined available
chlorine is of a,ld_w order compared with free available chlorine.

‘2. Reactions of -Chlorine with QOther Substances. In addition to the
reactions with water and nitrogenous substances, chlorine also enters into
reactions with other materials present in water. Inasmuch as the oxidizing
power of free available chlorine is high, typical inorganic reducing agents such
as hydrogen sulfide, ferrous iron, and divalent manganese are rapidly oxidized
in the presence of chlorine. Chlorine also oxidizes nitrites to nitrates. Organic
materials. present in the water will also react with chlorine. "The reactions
between chlorine and organic. substances may involve oxidation, substitution -
and addition. A multiplicity of chloro-organic compounds is possible. Some,
such as chlorophenol, have been identified and are known to cause
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objectionable tastes when present in trace amounts. The extent and nature of
chlorine’s many possible reactions with dissolved organics are not well
defined; but it is known that trihalomethanes are widespread in chlorinated
drinking waters and they result from chlorination. In" general, total
trihalomethane concentrations are related to the organic content of the water
and chlorine dosage. At present, a maximum contaminant level for
trihalomethanes has not been established by EPA. However, if a source of low
organic content is not available, special treatment processes that will reduce the
organic concentration prior to chlorination should be investigated. Chlorine
should be applied only after processes which will reduce the organic
concentration and thus decrease the chance of trihalomethané formation.

3. Disinfection Properties of Various Forms of Chlorine, The means by
which chlorine des’trbys various. types of organisms are not known precisely. It
is suspected that the chlorine penetrates cells of microorganisms and disrupts
vital enzyme activities. Various studies have shown that, of the various forms of
chlorine, hypochlerous acid (HOC1) is by far the most powerful disinfectant.
The hypochlorite ion {(OC17) is far less effective. Also, the disinfecting power of
combined available chlorine -(chloramine) is much less than that of free
available chlorine. In general, about 25 to 100 times as much combined
available chlorine as free available chlorine is required to achieve equal degrees
of disinfection in the same time period. The fact that combined chlorine
persists for a long time in water is often viewed as advantageous from a water
safety staﬁdpoi'nt. This persistence is an indication of low reactivity of
chloramine, a distinct disadvantage insofar as the disinfection rate is concemed.
However, chloramine residuals can be used to provide long-lasting residual in
potable water disiribution systems. ‘

4. Chlorinre Dosages. Chlorination is used to eliminate or inactivate
most water-borme pathogens. Those pathogens that are regarded as the most
significant in water are bacteria, amoebic cysts, and viruses. The efficacy of
chlorination in achieving the desired destruction or deactivation of these three
types of pathogens is strongly dependent on four factors: contact time, pH,
temperature, and the type of chlorination used; i.e., free residual chlorination
or combined residual chlorination. As previously indicated, free residual
chlorination is far more effective than combined residual chlorination. Chlorine
disinfection processes are enhanced by low pH, high temperature, and long
contact time.
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The effectiveness of bacterial disinfection can be checked by bacterio-
logical tests for the presence of organiéms of the coliform group. Pathogens,
such as typhoid bacteria (Salmonella typhosa) are known to be at least as
vulnerable to chlorine as coliform bacteria. Therefore, coliforms, which are
easily detected by bacteriological methods, serve as indicator organisms for
water safety. On the other hand, coliform tests may not be indicative of
parasitic protozoa, such as Entamoeba Hystolytica, the causative agent of
amoebic dysentery. The cysts of this organism are far more resistant to chlorine
than coliform bacteria and chlorination alone cannot be assumed to provide an
ample margin of safety unless relatively high concentrations of free . available
chlorine are. employed. Free chlorine residuals required to destroy amoebic
cysts (cysticidal residuals) are higher than those usually employed by water
utilities. However, other treatment processes (coagulation, flocculation,
sedimentation, filtration) are effective in removing amoebic cysts and should
always be employed in conjunction with chlorination when treating surface
waters derived from uncontrolled. watersheds.

Disease-producing viruses must be assumed to be present in waters that are
subject to sewage pollution. In general, viruses are more resiﬁtant to chlorine
than coliform organisms and other enteric bacteria. Therefore, negative coliform
results may not be indicative of virus destruction. The matter of virus removal
or inactivation by water treatment systems. needs, and is now receiving,
intensive study. Currently, it is known that, of all the forms of adueous
chlorine, only un-ionized 'hypochlorous acid (HOC1) is an effective agent for
virus destruction. A hypochlorous acid concentration of 1. O mg/l will
provide viral inactivation within 30 minutes. Therefore, free res1dual chlonna—
tion at pH values somewhat below about 7.5 is mdlcated for effectlve virus
disinfection. At pH values of 7.5, or lower, about 50 per cent or more of the
free available chlorine will be present as hypochlorous acid (HOC1). As in the
case of amoebic cysts. other treatment processes, such as coagulation and
filtration, assist in virus removal. ' '

5. Application of Chlorine. Chlorine may be applied to water in é
variety of locations in the water treatment plant, storage facilities, or
distribution system and in any of several different chemical forms, as discussed
previously. Chlorine should be applied at a point which will genzarally provide a
contact time of 15 to 30 minutes. A key feature of chlorine application is
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thorough mixing. It is absolutely essential that the chlorine applied to the
water be quickly and thoroughly mixed with the water undergoing treatment,
If required, special chlorine mixing facilities should be provided. In some
systems using raw waters of exceptional bacteriological purity, chlorination is
the only treatment the water receives (all public water supplies shou_ld receive
disinfection as a mini'rhum-treatment). This is the case with many grodn_d,wa_te;r
supplies, as chlorine is often added to the pipeliné just beyoﬁd the
well pumps. In conventional water treatment plants, chlorine may be applied
prior to any other treatment process (prechlorination), following one or more
of the u.nit treatment processes (post(_:hlon'nation), or in the more distant points
of the distribution system (rechlorination). Prechlorination is often used
because the water contains a chlrorine residual for the entire treatment period,
thus lengthening the contact time. The coagulation, flocculation, and filtration
brocesses are often improved by prechlorination of the water, and nuisance
é_lgae growths in settling basins are reduced. However, prechlorination is not
universally recommended. Chiorine should be applied after processes which. will
remove haloform precursors, such as coagulation and sedimentation or granular
activated carbon adsorption. Haloform precursors are much .ea‘s\ier to remove
from water than haloforms.

6. Chlorination Equipment. Elemental chlorine can be injected into
water with either of two types of chlorine feeders: the direct-feed typé and
solution-feed ‘type. Solution feeders are preferable to direct-feed devices because
of increased safety. and -ease of control of chlorine feed rates. Chiorination
systems can be controlled either manually or automatically. For small water
treatment facilities, manual control is usually adequate. If automatic controls
are used, provision for manual control during emergency situationsshould be
included. ' : '

7. Precautions in the Use of Chiorine, The pjresence'of chlorine gas in
the atmosphere of a water treatment plant can pose immediate and serious
health hazards. Adequate ventilation of areas whme chlorine gas is to be stored
or handled is a prime safety prec'autionr. Safety equipment such as gas masks or
chlorine detectors must be provided. Chlorine storage and feed facilities should
have outside access only. Safety recommendations are given in the American
Water Works Association"s publication “Safety Practice for Water Utilities”.
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Valuable data on the properties of chlorine and its safe handling are also
available from the Chlorine-Institute. '

b. Hypochlorites. Hypochlorites are classified as either dry or liquid
according to commercial availability. Calcium hypochlorite is the predominant
dry bleach in use 'today'; sodium hypochlorite is the only liquid hypochlorite
disinfectant in general use.

Commercial high-test calcium hypochlorite products (HTH) contain at
least 70 per cent .available chlorine. Calcium hypochlorite "is an off-white
‘material and is available in granular or tablet forms. Although a highly active
oxidizer, calcium hypochlorite is relatively stable throughout its production,
distribution and storage. Under normal storage conditions, about 3 to 5 per
cent of the available chlorine content is lost in a year. Calcium hypoéhlorite
should be kept in shipping containers and stored in clean, dry, cool areas.
Containers should be arranged so that they can be easily moved in event of
leaks.

Readily. soluble ‘in water, tablet forms of calcium hypochlorite- dissolve
more slowly than granular materials and provide a steady source of available
chlorine over an 18 to 24 hour period. Calcium hypochlorite may be applied
either in dry or solution form. !

Commercial sodium hypochlorite is manufacturered by numerous
companies and is often referred to as liquid bleach. It usually contains .5 to
15 per cent available chlorine and is available only in liquid form. Sodium
hypochlorite solutions deteriorate more rapidly than -calcium hypochlorite.
Storége should be in a.cool dark place and a maximum.shelf life of 60 to 90
days is recommended by most manufacturers.

Sodium hypochlorite is less expensive than calcium hypochlorite. This
lower chemical purchase cost may be offset by increased storage and handling
problems. An alternative to purchase of sodium hypochlorite is use of a system
for on-site generation of this disinfectant. Raw matéria_ls required are salt,
cither in a bﬁﬁe solution or seaWater, powér and water. Both the salt and water
must be as hardness free as possible to prevent precipitates from 'fouling the
system. If sodium hypochlorite is to be used for disinfection, an economic
analysis should be used to determine whether it should be purchased or
generated on-site.
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Any hypochlorite solution used in the disinfection process must be
pumped through an injection system into the water to be chlornated. This
pumping can be accomplished by a diaphragm pump driven by an electric
motor.

c. Chlorine Dioxide. Chlorine dioxide has disinfection properties
approximately equal to those of chlorine. Unstable enough to require on- 51te
generatlon chlorine dioxide is more expensive than chlorine. At this date, there:.
is no satlsfactory test for residual chlorine dioxide. Rarely applied solely for
the purpose of disinfection, chlorine dioxide is used principally in connection
with taste and odor control. ‘

d. Ozone. Ozone is produced by the passage of dry air or okygeh_
between two hlgh voltage electrodes. Electrlc discharges through the air or'
oxygen between the electrodes result in the formation of ozone. For small‘
sytems, air feed facilities are the most practical. Like chlorine, ozone is a toxic,
substance. Ozone molecules contain three atoms of oxygen and are highly
reactive. Ozone cannot be stored as a compressed gas; it must be generated at
the point of use and used as soon as generated. Advantages of ozone mclude

1. Rapid and effective d1smfect1ng action. Ozonation is effectlve agamst
amoebic cysts, and bactencmlal efﬁc1en01es are at least as high as those obta.med'
w1th chlorination. 7

2. Taéte, ddbr, ahd_color problems are largely reduced or eliininatgd.

- 3. Temperature and pH -variations have little effect on the disinfecting
capability of ‘ozone, except that at high water temperatures it becomes more
dlfﬁcult to dissolve the ozone in water.

Disadvantages of ozonation include:

1. Large quantities of electric energy are required, about 22 to
26 kWh per kg (10 to 12 kWh per pound), of ozone for air feed systems. Better
efficiency, 4.4 to 8.8 kWh perkg (2 to 4 kWh per pound), is obtained when
oxygen feed systems are employed. e

2. Unlike chlorine, ozone provides no residual disinfection capability.
Residual ozone reverts rapidly to oxygen.
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3. Ozone production facilities must be designed to meet the maximum

rate of use because ozone cannot be stored.

4. The equipment required to generate the ozone and inject the large
volume of ozonized air into the water is expensive.

5. Because of the high energy requirements and complexity of ozonation
systems the probability of system shutdown is lngher than with chlor1nat1on
systems _consequently chlorination systems are often installed for standby use.

" Ozonme is being investigatéd as an alternative disinfectant to chlo-rirne'
because chlorine is implicated in the formation of haloforms. The use of ozone
avoids the formation of compounds such as chloroform, but the reaction
products of ozone have not been identified. Currently, chlorination is to be
pféferred over ozonation as a means of disinfection for most water systems.
Ozonation facilities should not be planned at small water treatment plants
unless unusual conditions, which preclude use of chlorination, are encountergd.

¢. ‘Applicability and Recommendations. Disinfection is used for bacteria
reduction. For sniall water ‘treatment facilities, chlonne, calcium hypochlorlte'
and sodium hypochlorite are the most applicable chemicals for disinfection
purposes. Choice of a specific disinfectant should be based on an economic
analysis. Chlorine is usually the most economical disinfectant for treatment
facilities with a capacity of 2800 m3/day (0.75 mgd) and. larger. In general, the
required chlorine dosage will vary from 1 to 10 mg/l for contact times of from
15 to 30 minutes. Selection of a specific dosage and contact time should be
based on the treatment objective, i.e., disinfection, taste and odor control, etc.
Chlorine solution feeders are recommended for feeding chlorine gas to water.

Hypochlorite will be the most economical disinfectant for the mﬁiority of
small water treatment systems. In general, it will be the disinfectant of choice"
for treatment facilities with a capacity less than 2800 m3/day (0.75 mgd). The
decision to wuse calcium or sodium hypochlorite should be based on an
economic analysis and on other considerations such as storing, feeding and
handling characteristics. Disinfectant dosages mentioned previously must be
increased if hypochlorites are used. Calcium hypochlorite generally has 70 per
cent available chlorine; sodium hypochlorite usually has 5 to 15 per cent
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available chlorine. It is usually preferred to use a solution feeder for calcium
hypochlorite. Sodium hypochlorite must be fed through a solution feeder, as it
is only available in liquid form.

An alternative to purchase of sodium hypochlorite is on-site generation.
An economic analysis should be used to evaluate this method or any. method of
supplying a disinfecting chemical. .

Use of ozone for disinfection may be desirable in regard to meeting
haloform limits currently being considered by the USEPA. A cost comparison
should be made between the use of ozone and removal of haloform precursor
compounds.

7. Stabiﬁzation

Water leaving the treatment plant and entering the distribution system
should be stable. Thus, it should neither be scale-forming nor aggressive for the
temperatures experienced in the distribution system. Two ways of stabilizing
water are (1) adjustments to pH and (2) addition of polyphosphates or silicates.

a. - Adjustments to pH. - Water is considered to be stable when it is at the
point of calcium carbonate saturation equilibrium. At this point, calcium
carbonate is neither dissolved nor deposited. If the pH is raised. from this
equilibrium tevel, water becomes scale-forming, depositing calcium carbonate.
The water becomes aggressive if the pH is lowered.

An index developed by W. F. Langelier called the Langelier Saturation
Index makes it possible to predict the tendency of a given water to deposit or
dissolve calcium carbonate. The Langelier Saturation Index is equal to the
actual pH of the water minus the pH at saturation. A positive value for the
index signifies the water is oversaturated and has the potential to precipitate
calcium carbonate. A negative number indicates the water is potentially
aggressive. It is desirable to maintain the water at, or slightly above, the
Langelier saturation equilibriurn point in order to maintain a thin coating of
calcium carbonate on the pipe interior. This coating protects the metal against
corrosion.
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Stabilization of water is most often associated with an upward adjustment
of pH to control corrosion. H-owever, there must be sufficient calcium ions
present in solution for calcium carbonate to form. In low hardness waters,
where there is a calcium ion deficiency, lime (CaO) should be added for raising
the pH. It is economical and will serve as a calcium supply as well as bringing
the pH up. In hard waters, there will be sufficient calcium ions present in
" solution. Thus, sodium hydroxide or soda ash should be added to raise the pH
without adding to the hardness.

b. Polyphosphate. The addition of polyphosphate can be an effective
method for scale 'and corrosion control. Maximum temperatures in the’
distribution system, retention time, and scaling potential are some of the
factors which have an effect on the performance of the specific polyphosphate
and on the dosage requirement. Generally, a low dosage of polyphosphate, less
than 5 mg/l, can effectively prevent scale even in a severe scaling condition.

When adding polyphosphate for corrosion control, somewhat higher
dosages may be required because it is necessary to form a protective corrosion
inhibiting film throughout the distribution system. Phosphates react with iron
and other minerals in ‘water forming a positive-charged- particle. This particle
migrates to the cathodic area of a corrosion cell and deposits as a thin film
which reduces the corrosion of the metal.’ After the protective film is
established, dosages can be lowered while maintaining the film. Bimetallic (zinc)
polyphosphate or zinc orthophosphate is usually more “effective for corrosion
control than sodium polyphosphate. '

c. Silicates. Other additives which are sometimes used as a treatment
for corrosion control include silicates. Sadium silicate in one of the various
proportions of Na5O and SiO5 has been sucéessfully used. It is a particularly
popular treatment for waters with very low hardness, alkalinity, and pH less
than 8.4. ’

8. lon Exchange

lon exchange is the reversible interchange of ions between a solid ion
exchange medium and a solution. In water treatment applications, ion exchange
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is most often used for water softening, but can also be applied to
demineralization by use of cation and anion resins.

a. Softening by Ion Exchange. The ion exchange process which
removes hardness cations from a water supply is termed softening. Hardness is
caused principally by the cations calcium and magnesium; however, cations
such as barium, aluminum, strontium, and others also contribute to the total
hardness of a water supply.

Ion e'x__change materials for softening purposes will most generally have ex-
changé sites in the sodium form. Hydrogen form resins are also available, but they
are not normally used for softening of drinking water supplies. Sodium cycle
cation resins exchange sodium ions for the hardness cations, thus producing water
with an increased sodium content and a greatly reduced total hardness. Sodium
cycle resins will not appreciably change the total dissolved solids content.

Polystyrene resins are the most popular ion exchange softening materials
in current use. Other substances which have been used as ion exchange media
for softening purposes include natural greensand, processed greensand, synthetic
silicates, sulfonated coal, and phenolic resins. The term “zeolite” has been
applied to any material used as an ion exchange softening medipm, but strictly
speaking, it includes only greensands or synthetic silicates.

Softener equipment resembles vertical pressure filtration vessels and
contains internal piping to accomplish backwash, regenerant distribution and
effluent collection; a resin support such as graded gravel or quartz and the
granulated resin are located in the lower half of the vessel. The vessel should be
lined to minimize corrosion.

Capacities of 23 to 64 kg per m> (10 to 28 kilograins per ft3) are generally
achieved - dependent on regenerant dosage and temperature. Values of
193 m3/m3/day (1 gpm/ft3) minimum flow and 965 m3/m3/day (5 gpm/ft3)
maximum flow are generally used in determining size of the wvessel. Resin bed
depth will vary from 0.8 m to 1.8 m (30 inches to 72 inches) to maximize resin
contact time and minimize pressure loss through the exchanger. Continuous
operafion, multiple exchanger vessels, and raw water blending can help
accomplish consistent water quality as well as desired flow rates.
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Water supplies, especially surface supplies, often contain materials which
are detrimental to softener operation. Suspended solids must be generally
limited to less than 0.06 mg/l suspended solids per mg/l hardness (1.0 mg/l
per gpg) with a maximum acceptable limit of 10 mg/l total suspended solids.
Hydrogen sulfide and free residual chlorine can be tolerated to 0.5 mgfl and
1 mg/l respectively; however, lower residual values are more desirable since
both substances cause resin damage and consequently loss of exchange capacity.

The process for regenerating sodium cycle ion exchange resins generally
involves three steps: (1) backwashing (2) application of a sodium chloride
solution and (3) rinsing. Since downflow operation is most commonly used in
small ion exchange water softeners, backwashing is required to loosen the’
media bed and remove any turbidity particles filtered out of the water during'
softening. Backwashing is performed at rates of 240 to 600 m3/m2/day (4 to
10 gpm/ftz), depending on the temperature of the backwash water and the
density of the medium. Backwash periods usually range from two to five
minutes. .

After the unit has been backwashed, a sodium chloride solution is —apph'e_:ci'
to the medium in order to regenerate its softening capabilities. With a
sufficiently high salt concentration, the calcium and magnesium ions in the
medium are replaced by sodium ions. Sodium cycle resins ar'e'regeneratéd with
brine sotutions providing 96 to 224 kg of sodium chloride per m3 (6 to
14 1b per ft3) of resin; regeneration brines are usually 10 to 15 per cent
solutions of salt. The strength of the brine solution and the contact time of the
brine with the softenmg medium have a direct effect on the exchange capac1ty
of the regenerated medium. Exchange capacity increases with increasing contact
time. Contact times of 20 to 35 minutes are common. Installations in coastal
areas may use seawater for regeneration, if the seawater is first disinfected and
treated for removal of suspended matter. Sea water- contains only about 3 per
cent salt and the exchange capacity of a softener regenerated with sea water, will
be less than when regenerated with a 10 to 15 per cent salt solution.

Control of regeneration can be automatic, semiautomatic, or manual.
Potable water systemé should include automatic regeneration control based on a
measured quantity of water passing through the exchange material with
provisions for manual override and multiple regeneration based on actual water
quality.
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After regeneration, the excess brine solution must be rinsed from the unit
before softening is resumed. About 2.7 to 12 m? (700 to 3200 gal) of rinse
water is required for each cubic meter (35.3 ft3) of softening material. The
total time needed for backwashing, brning, and rinsing usually varies from .
about 35 to 70 minutes.

Disposal of the waste brine solution from the regeneration cycle is a
problem which requires some attention. Disposal may be accomplished by
evaporation ponds or by discharging into a sanitary sewer system.

b. Demineralization by Ion Exchange. Demineralization is the ion
exchange process which removes the dissolved solids content of a water supply.
Dissolved solids will contain both cations and anions and thus necessitate the
use of two types of ion exchange resins. Demineralization processes have been
devised to handle water with total dissolved solids (TDS) in a range from
‘500 mg/l to 2000 mg/l. A method for continuous demineralization utilizing a
moving resin bed is currently being manufactured. Both fixed and moving bed
ion exchange systems are applicable within the same TDS range.

Cation exchange resins for demineralization purposes have exchange sites
in the hydrogen form and are divided into strong acid and weak acid classes.
The anion resins commonly used are divided into strong and weak base classes.

Ion exchange demineralizers can be operated to produce an effluent with a
TDS ranging from less than 10 mg/l to 200 mg/l. As the proposed MCL for
TDS is 500 mg/l, demineralization costs can be reduced by operation at lower
efficiencies or by blending raw water with treated water having a low TDS. l

Dissolved organics, strong ozidizing agents, and suspended solids are
harmful to ion exchange demineralizers. Organics, which may be irreversibly
absorbed in the resin, and chlorine can be removed by carbon adsorption.
Strong oxidizing agents can alter the exchange resin. Suspended solids can
inhibit passage of water through the demineralizer and prevent intimate contact
between the water and exchange resin. Suspended solids can be removed by
filtration. High levels of iron and manganese may resist removal during
regeneration.
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* Capacities for cation resins of 23 to 46 kg per m3 (10 to 20
kilograins per ft3) of resin are generally achieved dependent on regenerant type
and dosage. '

Cation resins are usually regenerated with sulfuric acid; however,
hydrochloric acid may also be used. Hydrogen cycle resins are regenerated with
sulfuric acid solutions providing 48 to 160 kg of concentrated (66° Baumé)
sulfuric acid per m3 (3 to 101b per ft3) of resin. Hydrochloric acid solutions
are used which provide 32 to 144 kg of 100 per cent hydrochloric acid per m>
RQto91b per,ft?’) of resin in the form of a 10 per cent solution. Anion resins
usually are regenerated with sodium hydroxide (caustic soda) solutions
providing 64 to 160 kg of caustic per m3 (4 1o 10 1b per ft3) of resin applied as
a 3 to 5 per cent solution.

Control of regeneration can be automatic or semi-automatic, or manual.
The demineralizer equipment will be similar in appearance to softener
equipment; however, there will be two vessels per unit. The internal piping will
be basically the same. Flow loadiﬁgs.will be similar and waters containing high
turbidity, hydrogen sulfide, and chlorine concentrations will be detrimental to
demineralizer resins in the same manner as softener resins.

Disposal of demineralizer waste solutions from the regeneration cycle can
be accomplished by first mixing the waste from the cation (acidic) and anion
(basic) units in a neutralization basin and then adjustinglthe.pH to comply with
discharge regulations. When properly neutralized, demineralizer wastes may be
discharged to a sanitary sewer system, if permitted by local conditions. )

c. Applicability and Recommendations. The ion exchange process
should be considered tor any small treatment softening application. It is an
excellent process for softening hard water, producing an effluent with a
nominal hardness of zero under normal operating conditions. However, for
municipal uses, it is neither desirable nor economical to soften an entire water
supply to zero hardness. The softening costs can be reduced considerably by
blending the zero hardness water with unsoftened bypass water. Thus a finished
water with any desired degree of hardness can be obtained. Use of ion exchange
softening is not recommended for persons on sodium-restricted diets.
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The use of ion exchange systems for demineralization should be
considered for treatment of water with less than 2000 mg/l TDS concentra-
tions. Ton excharige demineralizers are capable of producing relatively pure
water, hence blending of treated and untreated water is often desirable because
of lower operatron costs.

In addition to hardness and TDS reduction, the ion exchange process
should be considered for removal of the following: arsenic, barium,: cadmium,
chromium, fluoride, lead, mercury, nitrate, selenium, silver, color copper, iron,-
manganese, sulfate and zinc.

Soie general advantages of ion exchange include low capital investment
and mechanical -simplicity, The major disadvantages are -high regenerant
chemical requirements and disposal of chemical wastes from the regeneration .
process. These factors make.ion exchange more suitable- for small systems than
for large ones.

Disposal of .the waste brine solutlon from the regenerat1on cycle is a.
problem which requrres some attention. For small systems, drsposal may bed
accomplished by evaporatiofi ponds or by discharge into a sanitary -sewer
system. Regulatory agency requirements in a, particular locality may b'e_,_a’_r
controlling factor in selecting a disposal method. ‘ - o

9. Membrane Processes

Brackish waters are widely distributed over the Unite'd'States and are
found underground as well as in estuaries, nvers, and lakes. In some. areas,
brackish water may be the only available water for. public supply and
consequently must be treated. Two membrane processes are commonly used in
desalting. applications: electrodialysis and reverse osmosis. Electrodialysis (ED}
uses electric current to transfer salts from feedwater through e,rnembrane 1o a
reject stream while reverse osmosis (RQ) utilizes hydraulic pressure to force
feedwater.through a-membrane to a product stream. Both_processes use energy
at a rate somewhat dependent upon the amount of salts to be removed.

a, Electredialysis. - Electrodialysis is the. demineralization of - water by
the removal .of ions through special membranes under-the influence of a
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direct-current electric field. Until the early 1970’s all commercial electrodialysis
installations were of the fixed polarity type having an anode and a cathodeé at
opposite ends. A polarity reversal system has since been developed in which
each electrode intermittently changes electrode polarity to prevent membrane
scaling. Newer membrane stack designs may contain more than one electrode

pair. to permit internal staging,

" Operation of an ED system involves the application .of a direct-current
potential to the electrodes. Since the minerals in water dissociate into cations
and anions, the positively-charged electrode, called the .anode, attracts anions
present in the water, and the negatively-charged electrode, ca]led the cathode,
attracts the cations. '

Two types of special membranes are-utilized in electrodialysis. The first
can be permeated by cations but not anions. The second can. be permeated by
anions but not cations. These membranes are arranged in a stack, with
cation-permeable membranes alternating with anion-permeable membranes.
Feedwater enters the spaces.between the membranes and the direct-current -
electric field is applied to the stack, causing the ions to migrate toward the
electrodes. 'This results in a concentration of ions in alternate spaces between-
membranes, and the water in the other spaces becomes depleted in ions, or
demineralized. Water is then drawn off from between the membranes in two
separate streams, one containing most of the ions and the other relatively free

of ions.

Electrodialysis units are generaly limited to a maximum of roughly 50 per
cent TDS removal per stack to avoid excessive ion concentrations near the
membranes. This situation, known as concentration polarization; ¢an result in-
membrane scaling and degradation. Higher TDS removals are obtained by
opefating stacks in series. Product water recoveries usually range from 75 to
95 per cent per stack. Most plants employ* 2, 3, or 4 stacks in series (although a
single 'stack or more than four méy- be used) and are designed for 60 to 90 per
cent water recovery and 60 to 95 per cent TDS removal. TDS removals over’
90 per cent are seldom achieved in practice because power consumptlon and
the danger of scaling increase with brine concentration. ”

One manufacturer of electrodialysis units recommends that flow through
an ED installation not be allowed to drop Dbelow about two-thirds of the
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nominal design flow to prsvent uneven internal flow and concentration
polarization. This problem can be avoided by intermittent operation, system
storage to equalize flows, or recycling.

Substances such as suspended solids, dissolved organics, hydrogen sulfide,
iron, manganese, and strong oxidizing agents ‘(chlorine, ozone, and perman-
ganate) are deleterious to electrodialysis membranes. In order to remove. these
undesirable constituents, the feedwater for an electrodialysis facility should be
pretreated- as recommended by the ED supplier. The efficiency of the
membranes may also be greatly reduced by scaling deposits. Hardness, barium,
strontium, iron, manganese, and pH are important factors contributing to
membrane- scaling.

Scale prevention for fixed polarity ED units usually consists of the
following:

®  Acidification of the brine recirculation stream to prevent carbonate
and hydroxide scaling.

o Limitation of calcium sulfate concentrations in the bril_le effluent.

®  Reduction of iron to 0.3 Jﬁg/l and manganese to 0.1 mg/l through
- pretreatment.

- @ . Diversion of-a small flow for flushing of electrode compartments to
remove gaseous hydrogen and prevent acidic build-up at the cathode
.-and "remove gaseous chlorine and prevent alkaline build-up at the

. anode.

.Polarity reversal systems rely upon continuous reversal of compartment
roles to prevent scale formation. Polarity is reversed at roughly 15 minute
intervals so that inadequate time is provided for scale to build up between
membranes, eliminating the need for acid or polyphosphate feed. However,
regular in-pl‘ace' chemical cleaning is essential. Physical disassembly and cleaning
may also be required- periodically. Iron and manganese reduction is required
with polarity reversal systems and product water recoveries are lowered by
about 10-per cent by additional flushing requirements. In a large polarity
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reversal plant, electrode flushing streams could conceivably be returned to the
feed flow. Membrane life of over five vyears is possible with proper care and
favorable operating conditions. ' :

The economics of electrodialysis is dependent on a number of factors,
primarily the size of the facility, the characteristics of the feedwater, and the
cost of power

Process power requirements are roughly 0.8 to 2.6 kWh per m3--(3 to
10 kWh per. 1000 gal) of product water per 1000 mg/l reduction. of total
dissolved: solids. concentration. Additional pumping power. requirements aré-
usually 0.8 to 2.6 kWh per m3 (3 to 10 kWh per 1000 gal) of product..Power
inputs are dependent upon plant scale, the fraction of desrgn flow being
treated and pump and equrpment selection. o

b. Reverse Osmosis. When two solutions containing different concentra-
tions of minerals are separated by a semipermeable membrane, rel'at'ively' pure
water will migrate through the membrane from the more dilute solution to the
more concentrated solution. This phenomenon, called osmosis, continues until
the build-up of pressure on the more concentrated solufion is sufficient to stop
the flow. If there were no increase of. hydrostatic pressure on the nfore
concentrated solution, the process would continue until both solutions had
equal' concentrations of minerals. The greater the difference in concentration of
solutions separated by a semipermeable membrane, the greater.the rate of flow
of water :through the membrane. The amount. of pressure which  must be
applied to the more concentrated solution in .order to stop this flow is known
as the osmotic pressure. If a pressure in excess of the osmotic ‘pressure is
applied to the more heavily mineralized water, relatively pure water will flow
through the membrane in the opposite direction in a. process called -“reverse
0smosis.’ '

More process variations are available in RO than ED. Four RO.
' conﬁguratlons have been developed: hollow fine. fiber, spiral wound, tubular, -
and plate and frame The tubular and plate and frame  configurations are
comparatwely very bulky and have not found wide acceptance due to space
requrrements -and hrgh initial cost. The hollow fine fiber and spiral wound
configurations are more commonly used.
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RO plant layouts generally feature flow schematics to maintain brine flow
rates above a minimum. For example, a plant may have three stages, each
having fewer modules than the previous stage. Above minimum flows are
necessary to. avoid localized build-ups of ion concentrations near membrane
surfaces (concentration polarization) as in ED. The deleterious effects of this
phenomenon in RO are- higher osmotic pressure requirements, lower salt
rejection, and increased likelihood of scaling and membrane hydrolysis. To aid
in this respect, manufacturers recommend that feed stream flows not be lower
than three-quarters of the nominal design flow. Uniformity of the feedwater
flow may be maintained in the same manner- as previously. suggested for
electrodialysis. ’ '

RO modules have been developed for application to a wide feedwater TDS
range. As TDS contents increase, however, the hydraulic pressure required to
maintain a constant product flow also rises while salt rejection efficiency .
declines. Pressures are held constant in normal operation, but power
requirements increase with TDS for a given output because larger feedwater
quantities must be pumped. Standard RO units (suitable for waters up to about
12,000 mg/l TDS) which are operated at 28 to 35 kg/cm2 (400 to 500 psi)
achieve 45 to 90 per cent product water recovery and 70 to 99 per cent salt
rejection. Rejections of up to 95 per cent are typically achieved. Sea water
desalting modules operate at about 56 kg/cm2 (800 psi), achieve roughly 20 to
40 per cent recovery, and can exceed 99 per cent salt rejection. Power
re}iuirements for the standard modules generally vary from 0.3 to 3 kWh
per m3 (1 to. 11 kWh per 1000 gal) of product water. Power requirements for
sea water desalting are estimated to be 11 to 27 kWh per m3 (40 to 100 kWh
per 1000 gal) of product. RO power needs are virtually entirely attributable to
pumping, -but are dependent on a number of factors including plant scale,
pump selection, and membrane age.

The essential element in the reverse osmosis method of demineralization is
the semipermeable membrane. Several types and configurations of membranes
are currently available, with the most widely used being various forms of
cellulose acetate, diacetate, and triacetate, or polyamide membranes. The
characteristics of these membranes vary and constitute an important design
consideration. “ '
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RO membranes are subject to flux (water production) decline. This is a
normal process primarily attributable to the high pressures of operation causing
membrane compaction and aggravated by scaling, contamination. bacterial
attack, and high temperatures. For plants operating around 28 kg/cm2
(400 psi), flux declines of 10 to 20 per cent are typically encountered in the
first :2000 hours of operation after which time little further decline-occurs.
Even higher declines are experienced in high pressure (sea water) systems. Flux
reduction must be accounted for in initial system design. Polyamide. membranes
are thought to be more resistant to flux decline than are cellulose membranes
of .which the triacetate and diacetate forms are more resistant than the .acetate
form. RO membrane life expectancy is approximately 3 years with-proper ‘care
and favorable operating conditions. Salt rejection .does not necessanly dechne
with flux and can be mamtamed w1t careful operatlon ' '

i

Application of standard- RO modules should be considered for- waters-up
to about 12,000 mg/l TDS. Sea water RO. units should be considered as- an
alternative to distillation at higher salt contents.

Due to lower water viscosities at higher temperatures production by RO
units increases with temperature. If the temperature becomes too high,
however, compaction and irreversible flux reduction may result. The effects of
temperature and pressure are closely related. At higher temperatures, hydraulic
pressures must be lowered to prevent damage to the membranes. Cellulose
membranes generally have a maximum normal operating temperature of 29 C
(85°F) Polyamide membranes may be routme]y subjected to temperatures as
high as 35°C (95°F). Although both membrane types can withstand even higher
temperatures for short periods without ill effects,. optimal operating
temperatures are generally lower than the maximum values recommende__q.

The performance of an RO installation as in the case of ED, is highly
dependent upon a number of.water quality parameters. Suspended solids and
dissolved organics are both harmful to reverse osmosis membranes and. should
be removed by pretreatment as recommended by RO supplier.

The effect of oxidants upon reverse osmosis units varies. The - cellulose

membranes which are very susceptible to bacterial attack are somewhat tolerant
of chlorine. A maximum continuous level of 1 mg/l free chlorine (or the
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‘equivalent oxidizing strength) is recommended. The threat to cellulose
membranes from bacteria is sufficient in nature so that even well waters should
be disinfected. Polyamide membranes are reputed to not be susceptible to-
'biblogical attack, but are very sensitive to chlorine. Recommended makimum
continuous exposures are 0.1 mg/l free chlb_rine at pH less than 8, and
0.25 mg/l at pH 8 or higher. While the polyamide membranes are'apparently
not subject to bfological attack, they may be fouled by biological growths.
'Because théy are believed to be selectively sensitive to chlorination rather than
ox1dat10n .the use of an alternative disinfectant may be feasible. However, -no
1nf0rmat10n on the effect of ozone on polyamide fibers is available. One
manufacturer of polyamide membranes recommends the use of formaldehyde
_on‘,an,_mtermlttent basis to control slimes.

D1scussed ‘earlier with’ respect to ED the scale-related parameters,
hardness banum strontium, iron, manganese, and pH are equally unportant to
‘RO operations. Scale prevention measures commonly used include the
“following: T B '

-.®  pH adjustment. to between 5.0 to 6.5 to prevent hydroxide and
. carbonate scaling.

L Iron and manganese reduction by p‘retreatm'ent to levels recom-
mended by RO equipment manufacturers.

®  Use of a polyphosphate to inhibit caléiim sulfate écaljng.

&  Limitation of calcium sulfaté concentration in ‘brine effluent.
c. -Applicability and Recommendations. When confronted with -treilti:ig
brackish or highly mineralized waters, i.e., waters with high total dissolved
solids concentrations, membrane processes should be considered.

- ‘Both electrodialysis .and revesse osmosis are effective for reduciné TDS
concentration --and both are. suitable for small applications. Appropnate
pretreatment is a major factor in successful operation of both processeés.:

Electrodialysis and reverse osmosis should also be considered for removing
arsenic, barium, cadmium, chromium, fluoride, lead, mercury, nitrate, selenium,
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silver, chloride, copper, iron, manganese, sulfate and zinc. In addition, reverse
osmosis is recommended for reduction of bacteria, radionuclides and. color.

Advantages of ED as compared to RO include low pressure operation with
no need for high pressure pumps, usefulness over a higher temperature range,
longer membrane life, and a constant rate of production with time.

The primary disadvantage is a proportional increase in power consumption
with ‘increasing salt content which prevents ED from being economically
competitive with -RO at TDS levels of roughly 5000 mg/l and above. Also,
because ED removes only charged particles, nonionics such as bacteria and
dissolved gases remain in the product water. RO systems on the other hand,
force product water through the membrane, thus removing dissolved ‘gases,
_bacteria, viruses, and other nonionics as well as ionic species. Standard RO
systems are effective for treating raw waters with TDS concertrations up to
about 12,000 mg/l. Disadvantages of RO include flux reduction with time,
shortcr membrane life, and possibly significantly greater pretréatmen@ chemical
requirements. ' N

Each situation should be ‘individually examined to determine which
process should be used for reduction of TDS levels. The economics of the
situation will be the predominant factor in selecting ED or RO.

10. Fluoridation/Defluoridation

Fluoridation is the process of adding fluorides to drinking water in order
to reduce tooth decay. Where necesary, fluorides are removed from water to
prevent dental fluorosis.

a. Fluoridation. Fluorine is the thirteenth most prevzile'nt element in
the earth’s crust and is pres'ent as fluoride in all natural waters to some extent.
The concentration of fluoride in natural waters is generally less than what. public
health authorities consider to be optimal. Consequently, health departments
often recommend adjustment of the fluoride level by the addition of small
amounts of fluoride compounds to the water.
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1. Health Effects of Fluorides in Water. 1In the 1920’s and 1930’s, the
incidence of mottliug of teeth (dental fluorosis) was definitively linked to the
ingestion of waters that contained high concentrations of fluoride, generally in
excess of 2mg/l. It was also observed that persons suffering from dental
fluorosis had very few dental caries, and further studies indicated that
concentrations of fluoride near 1.0 mg/l greatly reduced the occurrence of
dental caries in children without producing mottling of the teeth.

Inasmuch as fluoridation effects a marked decrease in the number "of-
dental caries suffered by children, but high concentrations of flueride cause:
dental fluorosis, the objective of fluoride adjustment in water treatment is to: -
add enough fluoride to water to reduce dental caries while not adding enough
to cause dental fluorosis.

Maximum concentrations which can be tolerated without the occurrence
of dental fluorosis are given in Appendix A of this report. These maximum
concentrations: are dependent on the average daily ‘intake of water by children
in any particular location. The average daily intake of water is related to-the:
average annual maximum daily -air temperature, hence maximum fluoride
concentrations are -related to this:ternperature parameter. Higher.temperatures
dictate a lower maximum allowable level of fluoride.

2. Other Effects of Fluaride in Water. The small amount of fluoride
ion added to: drinking water does not cause taste or odor nor does it increase-
the corrosive properties of the water or cause encrustation in the distribution
system. or household plumbing. .The use of hydrofluosilicic acid will reduce the
pH and may contribute to corrosion. : ’

3 iForms of Fluoride Used in Water Treatment. The most common
compounds' used in water fluoridation are sodium fluoride, fluosilicic acid, and-
sodium silicofluoride. The choice of which form is best for a water treatment
plant is dependent.largely on the cost of the coimpound, the availability, and
the mode of fluoride application selected. Other compounds.'that have been
used successfully by some water utilities include ammonium silicofluoride and
fluorspar. However, these compounds are not recommended -for routine
application. The use of ammonjum :silicofluoride results in an increase in the
ammonia content of the water, which may be objectionable because of the
adverse effect of ammonia on chlorine disinfection, or may be desirable if
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chloramines are wanted. Fluorspar is not recommended for routine use because
it is difficult to dissolve. Hydrofluoric acid presents such extreme safety .and
corrosion hazards that it is not considered suitable for general use as a water
f_lu_oridating agent. . ' - ‘ '

4. App-_lication‘ of Fluorides. Thé number _and variety of different .
. fluoride ap'plication‘ devices make it impossible. to describe all of them in this
report. In general, the chemical feeders used can be divided into two
categories:: dry feeders and :solution. feeders. Dry feeders. can be. further
divided .into . gravimetric ;dry,' feeders and volumetric dry,-feeders. The choice
between .gravimetric or volumetric dry feeders must be rhade on the _basis_of
feed rates,,accuracy requirements, and overall cost.

Solution feeders consist of any of several types of positive;displaéement
pumps .if pressure feed,is, used, or a paddle-wheel or bucket apparatus if gravity
feed is used. Solution feeders are required for application of fluosilicic acid and.
may be- used. for feeding solutions .of. sodium fluoride, etc. Use .of zeolite.
softened ‘water is recommended for preparing ‘strong solutions of sodium
fluoride; softening reduces scaling problems. The. type of feeder to be used
should be selected on the. basis of capacity, accuracy, dufability, and- corrosion

resistance. S f : o o

~ 3. Points of Application of Fluorides. --The most important. factor in
deciding on a point to inject: fluoride is that all of the water must. pass this
point. If .no such common -point exists, more than one, application point
should be used.. If fluoride is added to only a portion of the water and
subsequently blended, the blending must include positive - mixing of all water
to insure uniform fluoride concentration. Fluoride is commonly injected into-
the water in the filter effluent conduit. If ground water is used as a source of
water - supply,- the fluoride- should be injected beyond the well head to insure
adequate  mixing and uniform dosage of fluoride and to prevent precipitation of
fluoride " compounds in the well. Multiple well -installations often. require a
feeder at each well. It is generally'more desirable to apply fluoride to the water
in a water line leading to a storage.tank, rather than away from a storage tank,
because the flow toward the tank usually. does not vary as widely or as rapidly
as the flow away from the tank. The adjustment of the fluoride feed-rate is
much easier if the flow does not. change rapidly..
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The application of fluoride in a conventional water treatment plant should
be after filtration, iIf possible. When fluoride is applied during the alum
coagulation process, some fluoride will be lost. Lime softening will also remove
some fluoride, especially if the concentration of magnesium in the raw water is
high. If calcium hypochlorite and fluoride are both to be used, they should be
applied as far apart as possible. If injected in close proximity, they would form
a precipitate of calcium fluoride.

6. . Automatic Control of Fluoridation.. In many cases it is desirable to
have the rate of feed of fluoride controlled automatically by a meter measuring
the rate ‘of flow of water to be treated. This is acceptable if the flowmeter to
be installed i§ proven reliable and if the apparatus for feeding fluoride can
.operate at véridus speeds. If automatic control is used, provisions should always
be made for manual control in the event of failure of the automatic control.

Medical evidence indicates that skin contact with excessive amounts of
fluoride can. cause extreme discomfort. Every effort should be expended to
insure that personnel handling fluoride wear protective clothing and that
adequate safety pfecautions be taken.

b. Defluoridation. Although fluoride in moderate amounts is beneficial
in the prevention of dental caries, excessive concentrations of fluoride cause
permanent mottling of tooth enamel and, in severe instances, pitting of the
enamel and loss of teeth. The Interim Primary Drinking Water Regulations
developed by .the Environmental Protection Agency for maximum allowable
concentration. of fluorides are listed in Appendix A of this report. Fluoride
MCL’s are approximately two times recommended optimum fluoride levels.

. Flﬁ_o‘ride c_ari be 'rerl'n-oved from water by percolating the water through
gfanu_lar' beds of . activated a]urhinz;, boné_ meal, b,or_le_ char or tr-calcium
phosphafe. ‘Th‘e fluoride is removed by a combination of ion exchange and
adsorption. When“activated alﬁm‘ina beds become saturated with fluoride, they
are regenerated by treatment with a caustic soda. solution. Excess caustic soda
is removed by rinsing and neutralization with an acid. Mixed-bed demineralizers
‘can also be used to reduce the fluoride concentration. A mixed-bed de-
mineralizer will remove other minerals along with the fluoride. Additional
methods of fluoride removal include sorption on precipitates of aluminum or
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magnesium hydroxide. Precipitation of substantial concentrations of aluminum
or magnesium is required to effect major reduction in fluoride concentrations.

Saline water conversion methods, such as electrodialysis and reverse
osmosis, have shown promise for achieving reduction of fluoride concentrations.
These methods have been applied to brackish waters and have demonstrated
their ability to remove fluoride, etc., along with other minerals.

Additional information in regard to defluoridation is included in
section III A of this report, under Inorganic Chemicals.

c. Applicability and - Recommendations. Adjusting fluoride concentra-
tions in water supplies to optimum levels should be considered as a method for
reducing tooth decay. Recommended water fluoridation compounds are sodium
fluoride, fluosilicic acid and sodium silicofluoride. Fluoride should be applied.
after filtration in a conventional water treatment facility. Recommended.
defluoridation processes for small water treatment systems include reverse
osmosis, electrodialysis, activated alumina, bone char, and, if used for removal
of magnesium, excess lime softening. '

Disposal of wastes from defluoridation treatment should be given careful
consideration' due to the toxic nature of waste.

B. WATER QUALITY CONTROL

Control of a water treatment facility involves more than valve turning and
button pushing to start and stop equipment. In order to determiine which valves
to turn 'and which equipment to use the operator must be able to determine
how well the plant is functioning. Not only does the operator need to know
whether the MCL’s are being met but also needs to know whether the
treatment processes are under control. To determine all of this-the operator
will need laboratory analyses of the water and information provided by plant
instrumentation,.

1. Sampling and Analysis

Treated water must be sampled, for contaminants included in the drinking

water regulations, at the proper locations and at the required frequency.
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Analyses must be in accordance with the methods prescribed in the regulations.
Since the inorganics, organic pesticides and radionuclides require extensive
equipment and analytical skill these tests must be conducted by a certified
laboratory. Approximate costs per sample for these analyses done by a
commercial laboratory are as follows: '

Inorganics : $ 90 - 8150
Organics $160 — $270
Radioactivity $ 60 — 5120

Most state health department laboratories can also perform these analyses.

The rest of the required analyses including turbidity (surface water or
combination ground ‘and surface water), chlorine residual (as a State allowed
substitute for a portion of the coliform analyses), and coliform analyses would
cost from $4 to $10 per sample in a commercial laboratory. To achieve proper
results, the chlorine residual should be run almost immediately and the
coliform analyses should be run within 24 hours. Use of a commercial
laboratory for chlorine residual analyses is not feasible. Turbidity analyses are
required daily for surface water plants and the cost in a commercial lab would
be very high. The plant operator in all plants should be able to run the
turbidity. and chlorine residuals in a plant laboratory facility. Probably orily
those facilities of about 3800 m3/day {1 mgd) and larger’ will want to run
in-plant coliform analyses. For smaller plants either the county or state health
department could probably run the coliform analyses.

In addition to the required tests, each plant should run the following tests
in-plant as a control on the treatment processes:

Temperature
pH
Alkalinity

Temperature of the water is important because it influences the rate of
chemical .reactions, chlorine effectiveness, and the settleability of floc. The
higher the water temperature the faster the chemical reactions and the better the
settleability. The pH and alkalinity of a water are general control parameters
since a number of the chemicals added to the water raise or lower the values of
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these parameters. Effects of pH and alkalinity have been discussed previously
for contaminant removal and treatment techniques.

Other control- tests may be required depending on the contaminant
removed ot the treatment processes used. For instance, where aeration is used
in a lime softening plant, carbon dioxide could be a control parameter.

2. Laboratory Facilities

Each’ water treatment facility should have minimum laboratory, facilities to .
do the following tests:

Turbidity
Chlorine Residual-
pH

Alkalinity
Temperature

.The laboratory size required for these tests should be about 1.1 m2 ,(120;f_t2) _
including space for‘laboratory record keeping. A 'laboratory'countcr.about:2.4_ m
" (8feet) long should be provided with storage space for equipment. -

The cost* for.-a minimum laboratory facility would be about.37000. This
can be broken down as follows:

Building $2200
Furniture = $2300
Equipment $1850
Supplies $ 650
TOTAL §7000

‘Additional: facilities -and equipment to do coliform tests .would cost about
$£5500.

* Cost based on engineering estimate.
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3. Metering, Instrumentation, and Control

Metering at a small water treatment plant can be kept fairly simple.
Generally all that is needed'is a meter on ‘thé raw ‘water and one on the
‘finished water leaving ‘the’ plant. The' raw water meter can be a propeller type
meter with flow indication only. The:finishéd water rneter::shbuld be a venturi
flow tube or propeller meter which at least totalizes flow and possibly records
flow.

Filter instrumentation and control for those supplies which are filtered
“should be provided with ‘the filtér’ package. The srmplest forth’ of control is a
- flow-splitter -ahead of ‘the filters with'a water’ ‘Tevel sensor’ on each frlter which

operates’ the filter rate controller Ariother s1rnple inethiod- of contrdl is ‘to

“pperaté the filters with a Variable declrnmg rate: However somie ‘state regulatory
agencies may not ' ‘'approve’ this méthod: N indicition of the filter backwash
rate is required, if-the’ ﬂow has been phyS1cally limnited - to' ‘not exceed the
~maximufn desirable Tate.’ However, 1nd1cat10n of headloss through the f1lter
should be provided. S e ‘

.. - For surface. water. plants..-where " a!- finished water turbidity - sample is
:required daily, it-may be advantageous to:put a"contimioub turbidimeter.on the
-filter :effluent. This; turbidimeter will have.to: be calibrated and may have' some
maintenance requirements principally related to keeping-the :optical. system
clean and aligned. A back up laboratory turbidimeter will still be required for raw
-water turbidity .and for filtered.water: turbidity when‘the: contmuous funit: is out
-of service. ' ‘

’ A control ‘p‘anell should‘ be provided in each water treatment facility. The
panel should be part of the plant motor control center. The control panel
should contam all mdlcators totallzers, and. recorders for the instrumentation
dlscussed above in addltlon to remote - indication of, the status. of. all motor
operated equ1pment Actual on -off controls, for. the motors -at :the ;treatment
facrlrttes ,should be local to reduce 1nstrumentat10n and control. and . to requrre
stoppmg 1t Remote on-off controls can be employed for wells d15tr1but1on
system pumpmg and other facrhtles located .away from,the water treatment
plant.
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C. WATER TREATMENT PLANT WASTE DISPOSAL

o Disposal of wastes generated during the various. water treatment processes
must receive careful consrderatlon Selection of a disposal method will influence
water treatment, plant location and design. . . .. . . .

1. Sources, Quantities, and Characteristics of Wastes
i : ot [ ! : X

The wastes generated in a water treatment plant are composed of the
;natural solids removed from the raw water as well as the chemical precipitates
‘resultmg from chemrcal addrtron The, nature. and quantity..of the raw, water
.,sohds wﬂl vary from one plant to,anather. For example, natural:solids removed
in a sulr:face water plant. ,are'idepen_denlt -upon sediment. washed into the water
" supply by rai,nfal],. seasonal algal growths, spring turnover in:lakes,. and other
factor_s. The:.nature ._and_,_qgant_ity -of chemical solids are a function. of :the
chemicals added and' the resulting precipitates.

‘a.. Sources.:- Predominant ‘water treatment plant: wastes are. waste solids
in the sedimentation basin blowdown ::and. the filter: backwash water.. Other
.- wastes include spent brines from- regeneratlon -of ion.exhange units and" spent
granular activated:carbon. : SR R X :

T T E Y BEPL T S

b Quantities - of:. Wastes -Produced. . Quantities of wastes can- best' be
determined not by measuring the waste stream, but through the- use -of
chemical mass balance and other avaﬂable data such as suspended solids

information. !

'1. Solids Produced by Turbidity Removal. Natural solids are normally
‘feinoved in sedimertation basins with the chemically producéd solids. If ‘the
suspended “solids concentration’'(mg/l) in the raw wateér is-available, then the
“amount of waste solids can bé- calcilated directly. If suspended solids data_a_re
‘not” available then an dttempt ‘should be made to coirelate turbid'ity and
suspended 'solids. The solids rémoved can’ be calculated as follows, assummg all
"natural solids are temoved in the treatment process:
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Solids produced (kg/day) = (suspended solids-mg/1) x (0.001) x (ﬂow—m3/day)
Solids produced (lbs/day) = (suspended solids-mg/l) x (8.33) x (flow-mgd)

2. Solids Produced by Chemical Addition. The amount of waste _soﬁds
provided by chemical addition depends on the type of chemical added and the
dose. The following paragraphs describe the chemicals utilized in each process
of water treatment and the amount of solids produced. -

Coagulation. A reasonable basis- for estimating the - . chemical solids
produced, when the coagulant alum is used, is mdlcated by the fol]owmg
reactions: '

A15(S04)3 - 14 Hy0 > 2A13% + 50,7 + 14H,0 (ionization) -

2A13+ + 60H — 2Al (OH)3
precipitate

Commercial alum contains about 17 per cent A1203 or_‘9 per -cent A_]'H"".

Inerts are negligible. Essentially all aluminum added to the water is removed.
The suifate (5047) component of the alum remains in the water and appears as
a residual mineral in the finished water.

Aluminum hydroxide [A1(OH)3] resulting from alum addition can be
computed from alum use in Ibs or kg/day [A1_] as follows:

A1(OH)3 = [0.26] [Al,] (Ibs or keg/day)

“The results of similar calculations made for other coagulants used in water
treatment are shown in Table 25. o R

Table 25

SOLIDS PRODUCED BASED ON COAGULANT DOSAGE, .

Coagulant Solids Produced (dry)

Ibs or kg/day los or kg/day

[Alc] Alum ' ' [0.26] [Alc] o :

[Fec] Ferric Sulfate [0.46] [Fec] :+ :-'iieer.#-if
- [Fo¢] Ferrous Sulfate [0.40] [Foc] :

[Pc] Polymers [1.0] [Pc]

[N325i03] Activated Silica [0.3] [Na25i03]
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Taste and QOdor Removal,  The chemicals generally used to oxidize taste
and odor producing compounds are chlorine and potassium permanganafe;
Activated carbon is also used for taste and odor removal but acts as an adsorbent.
The amount§ of waste solids produced by the removal of tastes and odors
are developed in a similar manner as those solids produced by the addition
of 'éodgulants. Table 26 presents the chemicals and resulting solids produced

in removing taste and odors.

Table 26

SOLIDS PRODUCED FROM TASTE AND ODOR REMOVAL

Chemicals ... - - . . - _ ~ Solids Produced (dry)
Ibs or kg/day ) Ibs or kg/day

[AC] Activated Carbon © 101 [Ac
[KMnO4]  Potassium Permanganate - [0.55] [KMnOy]

[Cl] Chlorme : - None

-~ Lime-Soda Softening. The lime-soda and ion exchange. processes aré the
softening processes most commonly used to remove hardness from water.

Mass ‘ balance equations can be used to calculate the -amount of solids
produced by lime-soda softening. However, the solids are generally 2.5 times
the quicklime dosage or two times the hydrated lime dosage.

_‘lon Exchange .The regeneration of ion exchange softening units utilizing
so&ium zeolite as the resin will produce a brine waste. This waste _constitutes
from 3 to 10 per cent of the treated water volume and contains substantial
quantities of the chlorides of calciumn and magnesium with small amounts of
various compounds of iron and manganese. The precise amount of dissolved
solids is deﬁénderit’ upbn‘ the amount of hardness removed from the water, time
between regeneration, strength of the regenerant solution, and other factors.

pPH Adjustment. ﬁme, caustic soda, or soda ash is sometimes used for
pH adjustment in connection with alum or iron-salt coagulation. The dosage is
adjusted to offset the acidic characteristics of the coagulant. The products of
the reaction are soluble and this treatment does not contribute to chemical
solids production.
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Stabilization. Stabilization of lime-softened water may be accomplished
by recarbonation, split treatment, or by the use of polyphosphates.
Polyphosphates contribute nothing to solids production and precipitation
induced by recarbonation or split treatment is accounted for by calcium and
magnesium mass balances. These stabilization processes are not sources of
chemical solids. ' B e

Disinfection.  Disinfection is usually accomplished by chlorine and/or a
combination ' of ammonia and chlorine (chloramine process). All reaction
products are soluble; hence, disinféction produces no chemical solids.

F[ubridatzéoh‘ Some plants’ practice fluoride adjtl's:tr\neﬁ't‘ of the water. Any
fluoride addltlon becomes part of the dlssolved solids’ and does not contnbute

- v
.....

to the wastes

‘c. ' Characteristics. Water treatment plant ‘waste products exhihit' various
charactei‘is[tilcs;,'depeﬂd‘iﬁ-g"'on their ‘source. Knowiedge'of these characteristics ‘is
basic to the selection of necessary waste disposal methods.

Waste Solids from Coagulatzon wzth Aluminum Salts. The wastes
produced ‘by coagulation - ‘with aluminum’~ salts normally have a sol.lds
concentration of 0.5 to 2per cent when they are removed . from a
sedimentation basin. The sludge is usually bulky, and gelatinous in consistency.
It is difficult to dewater and a solids concentration of only 8 to 10 per cent
can be achieved when it is thickened in a lagoon. Dewatering by mechanical
devices such as the centrifuge has obtained a 15 to 20 per cent solids
concentration. This concentration can only be attained if the sludge is first
- pretreated with a polymer. Without pretreatment, a 5-6 per cent solids
concentration is an upper limit. Vacuum filtration has not been successful in

dewatering waste solids from water treatment plants. .

2. Waste Solids. Produced from Coagulation. with [ron Salts. The solids
produced from the coaguilation of water by iron salts are similar to those
produced by coagulation with aluminum salts. The consistency and difficulty in
dewatering are similar .but the iron flocs generally are not as 'ﬂuffy'and
gelatinous as alum.
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3. Waste Solids from Softening by Chemical Precipitation. The
characteristics of solids from the precipitation of hardness by lime and soda
varies with the composition of the raw water and the dosages of chemicals used
for, softening. Waste, solids collected in the settling basins of lime and lime-soda
softening plants have been reported to range from 2L-to 33 per cent solids
concentration. Softening waste solids have been dewatered in lagoons to a
solids concentration of 50 per cent. Mechanical devices such as centrifuges
can dewater lime softening waste solids. from 40 to’ 65- per cent solids. The
greater the ratlo of magnesium hydrox1de [Mg(OH)z] to calcium carbonate
(CaCO3) the. lower the per cent hme softemng waste solids concentratlon

_ 4.. Filter Wash Waz‘er Fllter backwash water consists of fine natural and
,chemlcally prec1p1tated sohds that are not removed in the sed1mentat10n basin,
The solids concentration is low averagmg 0.08 per cent SOlldS (800 mg/l total
suspended solids). Filter wash water is usually 2 per cent of the water produced.
_F1lter wash water by itself cannot be dewatered by mechamcal means. When
lagooned the sohds are. allowed to settle and the supernatant 1s decanted

5. Spent Brine-Soltzzions. As diacussed pteviobsly, the characteristics
and amount of waste brines vary widely. The characteristics of a composite
:.,sample of spent bnne dlscharged from one large zeohte plant are glven in
_Table 27.

. Table 2;1

ANALYSIS OF SPENT BRINE SOLUTION :

Constltuent AR - mg/l__
Sodlum and Potass1um 3,325
" Calcium 1,720
Magnesiym -~ - - 600"
Chloride 9,600
- Sulfate . , . 328

“7 " Dissolved Solids - 15654

‘‘‘‘‘

IV-65



2. Waste Disposal Practices

Various methods of waste disposal have been used by the water utility
industry. No specific method of waste disposal is most suitable for all wastes,
as the properties of different types of wastes vary considerably..

a. Direct Disposal. The predominant method of disposal of backwash
water and waste solids fromi water treatment plants has been" direct dischérge to
surface “waters: This method- is now being abandoned due to regulations for
discharges to wafer ‘courses set by the Environmental Protection Agency.
However: the'EPA is considering direct dischéifge’ to the larger rivers such as the
Missouri,’ Oh10 and Mississippi Rivers. Other than direct discharge, small water
treatment plants have few reasonable methods of dlSpOSEll available. ‘

b. Vacuum Filtration.  -Vacuum filtration equipment is exténsively used
for dewatering wastewater treatment plant sludges, but its application to water
treatment piant' ‘waste solids is limited. This method utilizes a cylindrical drum
covered with a porous fabric made of metal mesh, steel coils, wool, cotton,
‘nylon, saran, or one of the new synthetic fiber cloths as filtering media.

- Alum waste solids have proven difficult to dewater by vacuum- filtration.
The gelatinous nature of the waste solids produced by alum almost precludes
the use of vacuum filtration without precoating the filter with diatomaceous
earth. The cost of precoating is high and the remaining solids-precoat mixture
remains gelatinous in nature and may not be -suited for ultimate disposal
Vacuum filtration' of lime waste solids Has been more succéssful but the waste
solids were thickened prior to being vacuum filtered. High costs for equipment,
operation'*and maintenance, and disposal of dewatered waste sohds make
vacuum filtration impractical for most small communities. ‘

c. Centrifugation. Centrifuges are becoming more popular for dewater-
ing water treatment wastes since they are able to handle dilute or thickened
waste solids. Alum and softening wastes can be concentrated in a centrifuge to
the per cent concentrations previously discussed. a

High capi'tal, operation, and maintenance costs make centrifugation
beyond the financial means of most small communities. There is also the
consideration of the cost of the ultimate disposal of the dewatered waste solids.
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d. Drying Beds. Sand beds for drying water treatment waste solids are
basically identical to those employed in sewage treatment. An underdrained
sand bed may include decantation, but basically water is removed by drainage
and air drying.” A sufficiently shallow waste solids depth to allow cracking of
the solids down to the sand-solids interface. will accelerate drying and vyield
drier cakes. '

Both the'_drainage and decant-ate ca.n be discharged to the sanitary sewer
or discharged to a surface weter if the discharge meets permit requirements
The dried solids can be removed from the drying beds with a front end loader
but must be dlsposed of, elther in a. sanltary landfill or by direct land
apphcatlon A comparison between lagoons and drymg beds shows that drying
beds are more dependent on weather for successful operation, have more
difficulties in removing sludge, have greater Iand requirements, incur higher
capital costs, and require more operation and maintenance.

e. Lagoons. The most common treatment method presently utilized at
water treatment plants for handling water treatment. plant wastes is lagooning.
.In areas where _amp_le land is available, w_hrch is generally true near small water
treatment plahts, lagooning can be quite economical. It takes ad'.vantage of
natural temperatures (for evaporation and freezing) to aid in the dewatering of
waste solids. Lagodning is not so much a disposal method as one for
dewatering, thickening, and temporary storage.

. Water is removed byndecantatioh er by evaporafion with some drainage.
Evaporatlon may provide a hard crust, -but the remaining depth can turn into -a
viscous liquid upon agrtatron In cold climates, freezing aids in dewatering by
'separatrng attached water from the solids. After thawing, the solids are in the
form of small granular particles that settle readily and additional water can be
decanted. - -

"Sblids. removal is accomplished by a dragline or clamshell. Dumping the
'waste solids on the banks can be used to air dry them further prior to later
‘disposal, ' ‘

When sufficient land is available, filled lagoons can be abandoned,
el1m1nat1.ng an uIt1mate dlsposal problem. In communities where this is_‘ not

IV-67



possible, alternatives include sanitary landfill, land application,‘and reuse of
products from water treatment plant wastes such as the use of calcium
carbonate as a soil stabilizer. Where waste solids remain in place 1ndef'1n1tely
and the land is not reclaimed, un51ght1y spoiled land- areas result

. Serious consideration shoujd be given to the dis_posal of the decantate and
uﬁdercllrainage:'Discharge to a surface water is recommended if the discharge
meets permit requirements. An alternative method- is. discharging to the sanitary
sewer. In water scarce areas,.recycling through the water treatment plant .has
proven to be economlcal In small water treatment plants, however, recycling of
the _decantate or underdramagc: is- economically "questionable and ‘can present
operating problems. Recycle of the wash water can be a viable alternative even
though it may not be operationally desirable.

While oi)erating.: costs .of lagoons. .are * low, -factors such ds- climaté
intermittent or continuous input, solids concentration of the waste, . the
availability of one or more lagoons, and the method and place of ultimate
disposal will have a bearing on the land area required., Generally, at‘least two
lagoons are needed for waste solids and a third lagoon for backwash water: - .. -

oo

Clurré.ﬁt lagoon desién p;aqtiée includes the foIlobg;'p_g:
1. Location free from flooding.

2. When necessary, dlkes, deflectmg gutters or other means of d1vertmg
surface ‘water.

3. A minimum depth of 4 to 5 feet. T e

4. 3 to 5 years solids storage volume.
5. Multiple cells.
6. Adjustable decanting devices.

7. ~Width of lagoon narrow enough to allow removal of w-a's_'t_qsolii:l-s by
dragline, clamshell, scraper, tugger hoist, or any other mechanical
equipment that might be employed.
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The minimum embankment top width should be 8 feet to permit access of
‘maintenance vehicles. Lesser top widths can be used for very small installations.
The maximum inner and outer embankment slopes should not be steeper than
3:1, horizontal -to vertical, and. the minimum inner embankment should not
- have a slope less than 4:1, horizontal to vertical. The embankments should be
seeded. Perennial type, low growing, spreading grasses that withstand erosmn
and can be képt -mowed' are’ most -satisfactory for seeding of embankments. In
general, alfalfa and other long-rooted crops should not be’ used in seedrng, since
the roots of- this type ‘plant aré apt to impair the water holdlng efflcrency of
the dikes.' Additional protection for embankments (rrprap) may be necessary
where dikes are subject.'to wind actlon or severe floodmg of an adJacent water
course,

[

Problems can exist with insect breeding but can be controlled with
insecticides. Lagoons should be fenced to prevent access by "‘unaa’t’h'orized

persons.. .-

- f.. Discharge to ‘Sanjtary Sewers. An increas'ihgly ‘po'pﬁlarf method’ of
disposal of water-treatment plant wastes is discharge to the sewage’ tieatment
facility via sanitary sewers. This would. be particularly true for a-small
community served by sewage laaoons If the sewage lagoons are of sufficient
size to handle the water treatment wastes, then construction of separate
facilities could not be justified.

Evaluatron of the followrng cons:deratrons before the dlscharge of water
treatment plant wastes to a municipal wastewater treatment plant is
recommended: ' . C

1. Possible damage to sewer system due to clogéihg. '

2. Amenability of the waste to existing processes, principally in
mechanical treatment plants. '

3. Hydrauhc capacrty of sewers, pumping stations, and sewage treatment
S fac111tles

4. The effect of waste on the final -plan"t-efflﬁerit.
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5. A direct connection between the water treatment plant waste disposal
line and the sanitary sewer must be prevented. -

6. Waste solids should be discharged over a 24 hour period, not as-a slug
flow. If this is not possible, some other time period, compatible with
" operation of the wastewater treatment plant, should be used.

g. Spent Brine Solutions. For a small community, - disposal of spent
brine solutions to the sanitary sewer is the most feasible method of treatment.
The spent brine solution should not be discharged as a slug,but discharged
continuously over a 24 hour period. This will avoid "any :damage:“to the
wastewater treatment facility. A small holding basin can be used to equalize the

~

discharge of the spent brine solution.

‘'h. Summary of Waste Disposal Practices. The ‘¢urfent’ réstrictions” on
‘the discharges to lakes and sireams have made water treatment plant ‘desigriers
fook at alternatives to direct disposal. Small communities with’ §mall’ water
‘treatment facilities are at a disadvantage since the costs are too-high-for them
to use mechanical devices to -treat water treatment plant wastes. “The
alternatives left to a small community are disposal to a sanitary sewer,
lagooning, and drying beds.

The small community should be made aware of the fact that if their water
treé\tment plant discharges a waste to a receiving stream or ‘lake, é"diécharge
permit called “The National Pollutant Discharge Elimination ' Systém- Permit”
(NPDES) must be oObtained. This permit sets restrictions on the: concentration
of parameters, such as suspended solids and pH; that will be-dischargéd:to:a
stream or lake. If the water treatment plant does not discharge to a-Wwaterway, °
‘the permit is not required. This situation would occur if the plant” disposed all
their wastes to the sanitary sewer or they treated waste solids and/or backwash
“water with lagoons or drying beds and returned the decantate or drairiage to
the water treatment plant or disposed-of it to the sanitary sewer. Therefore, it
is advantageous for the small community to investigate the possibility. of -using
their wastewater treatment plant to treat their water ireatment plant’s:waste.

In many cases, the wastewater treatment facility may hot be .able-.to
effectively treat wastes due to the increased amiount of solids or volume
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contributed by the water treatment plant. In this case, the solids must be
treated at the water treatment plant and disposed elsewhere.

For small systems, the most generally used method of dewatering water
treatment plant wastes, except for spent brine solutions, is lagooning. The
drainage and decantate can-be discharged to a surface water or to the sanitary
sewer. The dewatered waste in the lagoons must ultimately be removed and
placed in a sanitary landfill or applied to the land.

D. UNIT PROCESS COMBINATIONS

Generally, more than one unit process will be utilized in a treatment
facility. A possible exception to this might be disinfection which could be the |
_single unit process used for treatment of a well supply. Many process
combinations could be used for water treatment. Combinations of unit
processes ‘which comprise conventional treatment facilities or package treatment
plants are presented in the following sections. '

1. . Conventional Facilities

~., Four common types of treatment plants have been selected as exémples,of
“conventional unit- process combinations constructed at the plant site. Dési_gn
criteria and schematics for existing plants are presented to indicate how unit
-processes can be designed and combined into a treatment plant. The rtréafment
plants that will-be discussed include (a) turbidity removal, (b) ion exchange,

~(c),,lime softening, and (d) iron and manganese removal

- --a, Turbidity Removal. The turbidity removal plant at Garnett, Kax{sas
removes- about 100 mg/l suspended. solids from the raw water taken from
-Lake Garnett and Cedar Creek. Rapid. mix, flocculation, sedimentation, and
filtration -are combined to provide a two stage coagulation/filtration plant for
the removal of turbidity. As shown on Figure 1, alum is used as the coagulant
to rémove turbidity and lime is fed to provide alkalinity for reaction with the
salum - and to -control :the pH. Chlorine is added prior to filtration for
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disinfection of the water. Unit process design data for the Garnett plant is
presented in Table 28.

b. Ion Exchange. A well water serving as the raw water supply for an
~ AT&T installation in Grant Park, Illinois, contains 375 mg/l hardness as CaCOy
and 2 mg/l of iron. To meet requirements for engine cooling water standards the - -.
hardness must be reduced to 100 mg/L In addition, to meet U.S. Public Health
Service Drinking Water Standards in effect at the trme of plant design, the iron
concentration must be reduced

In order to remove the hardness by a zeoiite softener the insoluble iron
must first be removed .to prevent fouling of the' media 1n the zeolrte -softener,
thus renderlng it ineffective for removmg hardness Frgure 2 shows the
placement of a pressure filter. before the zeolite softener. This removes
turbidity which is a result of msoluble ifon formed in. ‘the line from the well.
The water is then softened by the zeohte softener Sodium phosphate is added
after treatment to stabilize the water and sodlum hypochlorite is added to
disinfect the water. The. capacny of the = softener is 16,200 grams
(250,000 grains) of. hardness With the hardness of water equgl to 375 mg/l,
the litersiof water softened between regeneratmn is

16,200
0.375

= 43,200 liters or 43.2 m3 (11,413 gallons)

At a flow rate of 54.5 um3/day (14,400 gpd), two regenerations are needed per
day and the salt tank is refilled every three days. Additional design data are
presented in Table 29.

c. Lime Softening. The City of Troy, Kansas, has constructed wells
along the Missouri River for raw water supply. The raw water is high in
hardness and alkalinity, and contains iron and manganese.

The treatment process illustrated on Figure 3, consists of aeration, excess"
lime softening, two-stage recarbonation with intermediate settling, and
filtration. The induced draft aecration serves a dual purpose, oxidizing iron and
manganese so they ‘can be removed, and removing carbon dioxide which will
reduce the amount of lime needed for softening. Lime is then added in the
. soflids contact unit, which mixes the lime into the water and allows settling of
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_ Table 28

GARNETT, KANSAS WATER TREATMENT PLANT
UNIT PROCESS DESIGN DATA

Design Flow, m3/day (mgd) ’ : 3785 1)
Primary Flocculation
Number of units ST 2 2
Basin dimensions, in (ft) 3.05 x 8.53 (10 x 28) .
Sidewater depth (SWD) m (ft) 3.66 (12)
Detention time, hr ' 1 1

Flocculators — hydraulic_with baffles
Primary Sedimentation

Number of units [ER PR |
Basin dimensions, m (ft) . 640Xx 11.13 (21 x 36.5)
SWD, m (ft) _ 3.66 . (12)
Detention time, lar g 2 2
Overflow rate, m 2/day (gpd/ftz) : ' S 45.57 (11200 - . .
Rapid Mix . T
Number of units ¢ S 1 1
Basin dimensions, m (ft) : 1.22x 122 (@dx4d)
SWD, m (ft) . e 1.83 (6)
Detentlon tlme sec. : o 62 62
" Miker, watt thp) ~ T , 2238 (3)
Mixer G factor, sec’l .. - S, 700 700
Secondary Flocculation .
Number of units o T 2 2
Basin dimensions, m (ft) ' 3.2x548 (10.5 x 18)
SWD, m (ft) : o 3.66 (1)
Detention time,.min . * . e 30 30
Mixer, watt (hp) o : 1119 (1.5)
Mixer G factor, sec] ' - - .(variable — 20 to 100)
Secondary Sedimentation o
Number of units 1 1
Basin dimensions, m (ft) : 64x 174 (21 x 57)
SWD, m (ft) 3.66 (12)
Detention time, hr 2.3 2.3
Overflow rate, m /mzlday, (gpd/ft ) 37.36 (918)
Rapid Sand Filtration . . ‘
Number of units : _ 2 2
Filter dimensions, m (ft) 3.66 x 4.57 (12 x 195
Filter depth, m (ft) 3.05 (10)
Design loading rate, m 3/rn:!/day (gpm/ftz) 120 (2)
Support gravel depth, cm (in) 26.67 (10.5)
Coarse sand depth, cm (in) . 10.16 4)
Sand depth, cm (in) 60.96 24)
Surface wash unitg peﬁ leter -2 2
Backwash rate, m°>/m*/min (gpm/ft2) 0.76  (18.7)
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Table 29

AT&T GRANT PARK, ILLINOIS WATER TREATMENT SYSTEM
UNIT PROCESS DESIGN DATA

Design.Flow, m3/day (gpd) : - 54:5 -.(14,400)
Pressure Filtration .
Number of units 1771
Dimensions — inside diameter, cm (in) 76.2., -(30). -
Overall height, m (ft) e 1520(5) v
Design loading rate, m3/m2/day (gpm/ftz) 0120042 0
Operating pressure, kg/cm* (psi) et 2827 (75) e
Sand media depth, cm (in) : 48.26 (19). SR
Backwash rate, m3/min (gpm) 0.185.. (49) """ .
Softening - - T Do g
Number of units, o | O
Overall d1mens1ons LW H, m (f) 1:50.x 0:71x.1.77.*(4.92 x. 2.33 x 5.83)
Capacity; grams: (grams% P e i 216,200 4(250,000): -
Maxrmum flow- rate m /mm (gpm) e 00130 34) s
-~ Backwash rate,: m /m1n (gpm) covee 00079 0(21)
Arca of ‘bed, m: 2 (ft2) 04 (4.28):
Ton exchanger, m3 (ft3) 0.27 (9.5
Salt tank refill, kg (Ib) 272 . ’600)
Regenerations per refill ... 6 6

Salt per'l regeneratiqn, kg (lb) O (100)
the resultant prec1p1tates The water is then recarbonated by the addmon of
carbon dioxide which lowers the pH. Recarbonation is accomphshed usmg a
swunmmg pool type injector chlorinator.. Upon recarbonatlon add1t1ona.1
precrprtates are formed Ferric sulfate added before the secondary ﬂocculatlon-
sed1mentat10n umt w111 help remove’ these fine- prec1p1tates < 7 IR

After the water 'is settled the pH receIVeS ﬁnal adjustment by carbon
d10x1de addltlon _The water is then ﬁltered and- pumped into the:distribution
system. Disinfection with chlorine can be accomplished at two dlfferent pomts
The desrgn data for this plant are presented in Table 30

d. -Iron and Manganese Removal. A 1.5-mgd water treatnrent;plant was
designed . to supplement an existing facility for the City of Cape Girardeau,
Missouri. Raw water is taken from a well near the Mississippi River and treated
in a water treatment plant that provides iron and manganese removal. The iron
concentration is as high as 14 mg/l which exceeds the proposed secondary
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Table 30

TROY, KANSAS WATER TREATMENT PLANT

UNIT PROCESS DESIGN DATA

Design Flow, m3/day (mgd) 2271
Aeration
Number of units ) 1
Type - induced draft o BEARE
Tower dimeénsions, m (ft) . 1.22'x 122
Sidewater depth (SWD), m (ft) - -~ -~ - = - = 426
Blower capacity, m?/min (cfm) ST L2804
Solids Contact - o A
Number of units R 1
Basin dimensions, m (ft) 4.57 x 4.57
SWD, m (ft) . 366 ¢
. Upflow rate, m3/m?/riiin (gpm/fi?) '~ - ©.%.70.055 - -
Minimum detention. time in floc zone, min Ce 300
Dimensions flocculation zone, T e 385
top DIA, bottom DIA, m (ft) ©1.27, 3.28°
Mixer, watt (hp) 560
Sedimentation - .; o
Number of ‘units = - 1
Retention at. des ow, min 74
Overflow rate, m /m /min (gpm/ft2 0.045
Basin dimensions, m (ft) 4.57 x 4.57
.. .SWD, m (ft)_ B S U T .. 335
_Grav1ty Filtration . . . .... . « . . S
Number of units B ) , .2
-Filter dimensions, m (ft)' o 2.44 x 1.83
-+ Filter'depth, m (ft) - - 1.837
Design loading rate, m3/m"'/m1n (gpm/ft .. 0.105 .
Support gravel depth ‘cm (in) 25.40
Sand depth cm (in) 68.58

‘Surface wash umtg pe£ filter o 2

;-Backwash rate,'m /mm (gpm/ft ): - 0.76 -
Sludge Drying Beds-

Number of cells .- . .. - , A

Surface area per cell m2’ (acres) 526

Maximum sludge depth, m (ft) 0.46 - 0.61

‘Embankment slope, horz:vert ‘ 1:3°

N
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drinking water regulation for iron of 0.3 mg/l. Although the water is quite
hard, softening is not practiced.

The pfesenéé of iron and mahganeéé in water is objectionable primarily
becduse the precipitation of ‘tHé ‘metals alters the appearance of the water,
turning it a turbid yellow-brown to black. The deposxtlon of these precipitates
will cause staining of plumbing fixtures and laundry The presence of iron and
manganese in water supplies can also promote growth of microorganisms in
distribution systems. These growths will reduce pipeline carrying capacity and
may clog-fneters and valves. Higher Conc¢éntrations of i'r.on and manganese will
impart a metallic or medicinal taste to the wa:[er.

The major treatmeént “facilities -include” one aerator, one flocculator-clarifier
basin, - rapid- mix;- five. pressure: filters;-and- ptovisions for chemical addition. A
“schematic of the treatment plant facilities is shown on Figure 4.

Iron and manganese removal will be achieved by oxidation with air,
chlorine, and potassium permanganate. Oxidation transforms the relatlvely _
soluble forms of iron and manganese to insoluble forms. “The insoluble forms ~
can be removed by sedimentation and filtration. Bimetallic polyphosphate is
added after filtration to aid in corrosion control and water stabilization.
Chlorine is added before and after filtration for oxidation and-disinfection,
respectively. Design data for the plant are presfsanted in Table 31.

[N .

2. Package Plants "~ - - -

A package water treatment plant is a complete treatment system
composed of two or more integral unit processés. for the removal of one or
more contaminants. Package plants are factory assemb]ed and generally skid
mounted so that installation at the &ite consists of connectmo raw and finished
water lines along with the electrical service. In moderate to cold climates the
package plant should be enclosed in a building with adequate ventilation and
heat. Factory construction of package plants makes them economically
attractive when compared to plants constructed at the site. Even though
package plants are designed for automatic operation they still need periodic
. attention to.monitor the process, maintain’ chemical solutions, and perform
- r_'eqtiiregj maintenance. Too often in the past package plants have been installed

o
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Table 31

CAPE GIRARDEAU, MO. WATER TREATMENT PLANT
UNIT PROCESS DESIGN DATA

Design Capacity, m3/day (mgd) 5677 (1.5)

Aerators .
Number of units 1 1
Type-—-induced draft )
Dimensions, m (ft) 2.44 x 2.44 (8 x 8
Sidewater depth (S%D), m (ft) 4.26 (14)
Loading rate, m / /min (gpm/ft 0.65 (16)
Fan motor, watt (hg : 560 (0.75)
Blower capacity, m”/min (cfm) 110 (3900)

Flocculation—Sedimentation -
Number of units 1 1
Dimensions, dia., m (ft) 10.97 (36)
SWD, m (ft) 4.26 (14)
Overflow rate, m3/m2/day (gpm/ftz) 0.04 (D
Retention time - Sedimentation, min 94 94

Flocculator—Pulsator Type
Pressure Filter

Number of units 5 5
Dimensions, dia, m (ft) 3.05 (10)
SWD (mimn}um), m (ft) 1.52 (5)
Capacity, m 31 (‘jp 0.89 (235)
Loading rate, m /min (opm/ft 0.12 3
Support gravel depth, cm (in) 25.4 (10)
Manganese greensand media depth, cm (in) 76.2 (30)
Anthracite media, effective size, mm 085-120 0.85-120
Anthracite media depth, cm (in) 20.32 (8)
Maximum backwash capacity, m 3/mz/mm

(gpm/ft2) 049  (12)

and expected to operate completely unattended resulting in unsatisfactory
performance. Properly selected, operated, and maintained package plants can
perform as well as plants constructed on site.

In addition to complete package plants, varous unit processes are available
ready for installation at the site. Ion exchange and rrieh_ibrane processes are
examples of package unit process equipment. These unit processes 'have been
discussed previously in section IV.
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Four common uses of package plants, as discussed in the following
* paragraphs, include turbidity removal, taste and cdor control, softening, and
iron and manganese removal.

a. Turbidity Removal. Package plants designed for turbidity removal
" can  treat water with a turb1d1ty up to 200 ITU. o '

Each plant = provides: chem1_ca1. feed systems,:. mixing, .sedimentation,
.:filtration, and .disinfection; Packdage plants of.-this type; -i.e., which. provide
~clanification, and filtration can also remove various inorganic contamimants. A
. comparison :of ~the design features of-package water supply treatment.systems
. from three different ‘manufacturers. is presented in Table 32.

,

- Table 32 -

'COMPARISON OF PACKAGE WATER SUPPLY TREATMENT SYSTEMS'

IV-78

‘ . Manufacturer
" Feature A B C
Unit -Mixing Mixing - Mixing * = -
. Processes ~-Flocculation.., Flocculation. Flocculation |
Sedimentation = Sedimentation Sedimentation
Filtration ~ Filtration Filtration™
oot L0 Disinfection Disinfection Dlsmfectlon
" Flow-Range, m-3/da’y' - 53-5700 - 26-1100 - C 1512110077
{mgd) (0.014-1.5) (0.007-0.28) .. (0.04- 0.28). :
Skid Mounted Yes Yes Yes
-‘Mixing-Type. Mechanical Hydraulic.: © . . = Mechanical
--Sedimentation . « Tube Settlers Tube Settlers : - Solids.Contact
. Type 2-1/2° or 60° . 60° Chevron _ .
| Hexagonal o ’ o _
" Filtration Pump suction = Gravity Gravity
“Type " pulls water T Bt
through filter S -
Medla Mixed Standard bed Dual
o .or-dual B
._Rate, 3/m2/day 300 ©120-210 : - --210. .
(st/ft (5) - (2-3.5). (3.5)



'b. Taste and Odor Control.. Taste and odor. causing substances can be
effectlvely treated using package plants, which utilize either activated . carbon
for adsorption, potassium - permanganate for ox1dat10n, or-a combmatmn of.
these two chemicals. Powdered activated carbon can be fed either at the same
point as the coagulatron chemicals or directly .to the. filter. The point of
application will depend upon the nature. and concentration of substances to be
adsorbed. Some substances are adsorbed quite rapidly, suggesting that the
activated carbon should be.applied. directly -to. the. filter. However, only small
dosages of activated -carbon .should .be -used- to: prevent excessive:-head: loss and
-potential passage’ of; the carbon:through the filter. Much: of the carbon. fed 1o
-the raw water-is not effective in.removing dissolveéd :taste :and-odor because-it:is
tied up with alum floc and :turbidity. . In:certain: instances,:greater carbon
contact time is required necessitating carbon application to the incoming raw
water. Potassium permanganate could “be fed along with the coagulation
chem1cals in fhe rapld mix. un1t to ox1drze tastes and odors Potassmm
perma.nganate would be added in place of activated Carbon.

- Softening:~ "Pacfcaée plants" designed- for turbidity removal can.be used
for partial softening. Lime is fed to the rapid mix unit and there "are no
provisions for recarbonation. or a second stage lime addition. The limited waste
solids- handling capabilities restrict the-dmount of scftening that“cah be
"accomphshed Partial softenmg presents “the; potent1a1 problem of calcification
of the filter media and tubes : Certain mamtenance steps must be taken to
prevent calcification from .becoming a serious problem Thls use of the package
plants would not be generally. recommended

..Iron and Manganese Removal. Package treatment plantsidesigned for
turbidity -.removal can- also be ‘used for iron and manganese removal: Eit}i_er
potassium permanganate or a chlorine solution can be fed to the rapid mix to
oxidize the iron and manganese. The precipi'reted iron and manganese are then
coagulated and removed in a manner s-i“mi]‘ar‘_ tor-'t-he removal of turbidity with
sedimentation and filtration. '

To reduce chemical costs -another type of package plant for iron and
manganes¢ removal is available. This plant uses aeration followed by filtration
as the treatment system. Induced draft aeration is followed by gravity filtration
while pressure aerators and filters are used together. This type of iron and
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manganese removal systend should not be used when the concentration of either
contaminant is high. An iron concentration of several mg/l may cause the filter
to plug up resulting in short filter runs. Concentrations of manganese of about
one mg/l and above may not be fully oxidized by air alone; additional
treatment would be réquired.
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V. UPGRADING EXISTING FACILITIES

If an existing water treatment plant cannot comply with the maximum
contaminant levels for drinking water, upgrading the facility should be
considered. Various methods of upgrad-ing existing facilities are available.
Upgrading techniques suitable for small water treatment facilities are discussed
subsequently. Included are physical, chemical, and operation '‘and maintenance
modifications. '

A. POLYMER ADDITION

When upgrading existing facilities is considered, the use of a polymer to
aid the coagulation, sedimentation, or filtration processes should be- evaluated.
Polymer addition can improve water quality through increased process
efficiency at relatively low capital cost. ‘

. As coagulant aids, polyﬁlers increase the size and thus the settling rate of
floc. This is accomplished by adsorption, charge neutralization, and bridging
between particles. For maximum efficiency, the type of polymer, dosage and
.. point of addition must be determined for each application. Most- polymers are
.expensive. but only small dosages are required, generally in the range of 0.1 to
1.0 mg/l. Proper dosage and the right polymer, as determined by jar ‘or pilot -
tests, is. of importance because an excessive or insufficient dose, or the wrong
poiymer, can produce a poor floc. ‘ '

~ Polymers, used as filtration aids, increase the strength of the floc -and
thereby lengthen filter-runs and reduce the incidence of turbidity breakthrough.
Required dbsesl are small, generally less than 0.1 mg/l. Testing must be
performed to. determine the optimum dose of polymer for use-as a filtration
aid. The optimum dose exists when the terminal headloss ‘is reached
simultaneously with the first sign of increasing filter effluent turbidity. When -
used. to improve filter efficiency, polymers should be added directly to the -
filter influent. Filtration aids should only be used in those:filters having surface -
wash equipment or air/water backwash facilities to insure.removal of. the deeper



penetrating floc during backwash. The polymer used as a filtration aid will not
normally be the same type which may have been used as a coagulation or
settling aid.

There are a number of commercial polymers currently available. Either
naturally occurring or synthetic polymers can be used. Polymers are available
"in both dry.'and liquid forms. Since the dry polyniers are not easﬂy diséolvéd
"spec1a1 mixing and feeding equlpment is required. L1qu1d polymers can be fed
" with? metering pumps and then educted to the pomt of apphcatnon Ponmers
: are also dlscussed in section IV A4, Clarification.

" B.  FILTER MEDIA REPLACEMENT '

Existing rapid sand filters may be converted to dual or mixed media filters
by replacement of the existing single media. Some structural modifications may
be required to allow adequate media expansion during backwash.

» The .most common type of dual media filter consists of a coarse to fine
-:arrangement: of anthracite coal and sand. Primary benefits of dual media filters
“‘compared -to conventional rapid sand filters are longer filter runs and improved
:finished” water ~quality. ‘Dual :'media filters are discussed in detail- in
..section:IV'AS, Filtration. .- ' : o

- .Typiéal mixed media filters contain coal,:sand and garnet in a coarse to
~fine. configuration. . Mixed . media. , filters have . several. advantages over
.-conventional. rapid--sand- filters including , higher capacity,. capability ;to filter
.. poorer quality;influent, and longer filter runs. Use of mixed media filters will
-.provide: optimum. filtration . efficiency and will produce lower finished water
turbidities than single or dual media filters. Additional information on mixed
media filters is discussed in section IV A5, Filtration.

C. ACTIVATED CARBON REPLACEMENT OF FILTER MEDIA

Granular actwated carbon can be used in COI]JU]‘ICthIl W1th conventlonal
ﬁltratlon as a method for upgrading an existing treatment facility. A layer of
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activated carbon may be used to replace most of the sand in a conventional
filter; most states require some minimum depth of sand under the carbon.
Activated carbon may also be used to replace coal in dual media ﬁlters. When
used as a filter media replacement, activated carbon functions as both a
turbidity removal and adsorption unit. Finished water quality can potentially
be enhanced without construction of additional filters or carbon columns.
Detailed information 'on' granular activated carbon is provided in section IV A3,
Adsorption. For most taste and odor removal requirements a contact time of §
to 7-1/2 minutes is acceptable. Haloform or haloform precursor removal
requires a contact time of 12 to 15 minutes. Replacement of a portion of the
filter media with granular activated carbon could reduce the plant capacity.
Each potential application of media replacement by granular activated carbon
should be evaluated by a knowledgeable engineer. o

D. RAPID MIX ADDITION e . o

Effective coagulation involves intimate mixing of the coagulant and the
water. Existing water treatment plants with inefficient or overloaded rapid mix
facilities or without any means for coagulant mixing, will not. effectively
remove, turbidity or other contaminants -from water:: If: chemical mixing by
means of pumps is currently utilized, the chemicals may not.be adequately
mixed because of failure to achieve uniform distribution. Existing rapid mix
chambers without mechanical mixing should also be evaluated. Bafﬂing alone
may ‘not provide adequate coagulant mixing. Mechanical rapid- mix provides a
controlled, efficient unit process for the mixing of-chemicals with-theé water
being ‘treated. Addition of or improvement -to rapid mix: facilities' will aid the
clarification process and thus improve finished water quality. Additional
information on rapid mixing is contained in section IV A4, Clarification. -+

E. FLOCCULATION ADDITION

Flocculation is a principal mechanism in removing turbidity and various
other contaminants from-water. Inefficient or overloadéd- flocculation facilities



should be upgraded. If an existing treatment plant has rapid mix and
sedimentation facilities without flocculation, the addition of flocculation .
facilities could enhance finished water quality. Flocculators that use only .
baffles for mixing usually perform well at only one flow rate. Provision of -
variable mechanical mixing will enable the flocculation process.to be effective:
for.. varying flow rates. The flocculation...process is- discussed -in .detail in. -
section IV A4, Clarification. '

F. ~CHEMICAL lCHANGE OR ADDITION

.-Upgrading existing . water treatment facilities' may involve..change. of a
chemical currently.used or use of -a:new chemical. For example, if iron, and .-
manganese removal: is.- desired, and only -aeration is.being- used, addition: of -
chemical oxidation will-improve removal of manganese. Laboratory:and plant -
scale tests may be used to select a coagulant better suited -to the raw;water:
quality. A coagulant aid or filter aid may also be used as discussed previously.
Another ‘method to be considered when' upgrading water- treatmerit - fac1ht1es is
cherrucal addltlon for pH adjustment to prevent corrosion in the system

G. TUBESETTLERS T e e

An economic alternative to construction of additional,sedimentationlbgsins,
is installation of tube settlers in existing sedimentation basins. Use of tu'be
settlers in this manner will produce an effluent of hlgher quahty than is p0551ble
by usmg the existing basin.only. AT Yl :

Two basic tube settling systems are currently utilized: (1) parallel 5 cm
(two-inch)- square: tubes inclined at 60°:from the horizontal, and: (2) pérallel
2.54.cm (one inch): hexagonal tubes:inclined at 5° from the horizontal. In the
60°.inclined tubes, the sludge slides. down the tubes and is collected beneath - -
them. The 5° inclined tubes must be cleaned by backwashing with filtered .
water as the basin is drained.



When tube modules are installed, they should not be located near areas
where turbulence could reduce their effectiveness. In horizontal flow basins, the
inlet end should remain uncovered by the tubes to allow inlet velocity

dissipation. In radial flow basins, the required modules can be placed in a ring .
around the basin periphery, leaving an open area to dissipate turbulence. The .

top of the tubes should be located 0.6 to 1.2 m (2 to 4 ft) below the water

surface. In general; ‘the 0.6-m (2.ft) minimum should be used.in shallow basins.:

The 1.2 m (4 ft) submergence is used only in basins with a sidewater depth of
5 to 6 m (16 to 20 ft). These settling modules may utilize radial support beams
in circular basins or support beams spanning the width in rectangular basins. In
basins which have radial launders, it is often possible to:suspend the.modules
from the launders.

In some cases there is a tendency for floc build-up to eventually bridge the

tube openings and a blanket of solids on top of the tubes results. Methods of. ‘-
removing this. accumulation include lowering the water level of the basin below:+.
the top of :the: tubes or occasional use of a water -stream or compressed air .to -

flush out the attached floc.

Recpmﬁlended tube '.settler. Io.ading rates raﬁge \ frorrn_,.‘ 120__:»t_ci.“,l,
240 m3/rn2/c_lay (2t 4 gpm/ftz)_. Selection of a specific overflow rate depends..

on existing clarifier configuration, water temperature, existing clarifier overflow
rate, and desired effluent turbidity. More detailed information relative to the

size, capacity, and configuration of these settlers, and their ;adaptability- to -,

existing sedimentation basins, may be obtained from manufacturers of such
equipment. The use of tube settlers for a particular application should be
evaluated by an‘engineer. ' : :

H. IMPROVED HYDRAULIC CONDITIONS . P

"When upgrading ~ water -treatment. facilities is necessary,: hydrailic'

conditions of existing basins may be improved by use of baffles, by modifying

inlet: and outlet conditions, - or by reducing pipe. velocities below 0.6:m/sec.:

(2 ftfsec). -



Either horizontal or vertical baffles may be used to prevent short-circuiting
in flocculation basins. Judicious baffling may be added as required or existing
baffles rearranged to enhance flocculating conditions.

Properly 'designed ‘inlets and outlets are also necessary to aVOid
short-circuiting through a basin. Inlets must be designed to distribute the water
_uniformly over the cross section of cach basin. Adequate outlets must be
provided to prevent excessrve .overflow rates and consequent breakup of floc or
_suspensmn of settled sohds from floor of basin. Freely d1scharg1n0 weirs.have a
'tendency to break frag11e floc.. Therefore submerged weirs are recommended to
'prov1de an effectlve outlet arrangement Inlet and outlet arrangements are
discussed in more detail in section [V A4, Clanﬁcatron.

When upgradmg an e)ustmg fa01]1ty is cons1dered plant piping should be
-revrewed 1n regard to 1ts conf1gurat10n and to the veloc1ty of flow through it.
Velocmes in piping following f'locculatlon should  not exceed 0.6 m/sec
(2 ft/sec) to reduce floc breaktlp because of turbulence. Excessive bends, drops,
etc. also increase turbulence, and thus enhance floc breakup.

J.  IMPROVED OPERATION AND MAINTENANCE .

37 e

_ '. Regardless of how well .a water treatment plant is de51gned 1f 1t is not
-operated and mamtalned eorrectly, the treatment .process or processes w1ll -not
perform _ eftectwely Therefore upgradmg vanous .aspects of plant operation

and malntenance is. a prlrne cons1deratlon

1. Operator Training and Qualifications

Even in the smallest plants with the simplest types of-treatment, only
qualified personnel should be.in charge. Where experienced operators are not
available locally to control the operation of a.water treatment plant, a qualified
operator should be employed from outside the community or a local person
should receive adequate training to become a properly certified operator.



Training courses may be used as a means of upgrading an operator’s
qualifications. It is recommended that operators participate in training courses
on a regular' basis, as advancements in the knowledge and techniques of
treatment processes are constantly being made Locally “available in almost
every state, these courses are sponsored by the state departments of health,
_tlrtiversities, and state and national_techrrical associ_ations.

 In addition” to tra_mmg courses, numerous states utilize an operator
" certification” program as a reans of prov1d1r1g 1mproved plant operat1on and to
“enhance the professronal status of water p]ant operators Currently, 39 states
have a mandatory certlflcatron program, nme ‘states have a voluntary program and
‘two states have no’ certlflcatlon prOgram o e

L T

Another method of 1mpr0v1ng the operatron of a water treatment plant
'*mvolves employing an engineer or an operator from a larger facﬂlty as a
consultant ‘Also. one ‘operator might beé employed by several small plants The
--operator would rotate from plant to plant as requrred S

2. Improved Monitoring and Surveillance

The purpose of makirig: analyses and tests is'to confrol treatment; record
performance, comply with regulations, and indicate means for improved-
performance. Control tests should be used to show that the water has been
“properly - prepared for ‘each ma]or process that ‘éach’” process is performmg
effectrvely, and that the finished water quahty 1s adequate Accurate metenng
“of *both water “dnd’ chemicals is necessary because maccurate feedlng “of
chemicals could be economically wasteful ‘and’ potentlally hazardotis 16 ‘the
health of the community.

As an aid in upgrading plant ‘petformance, the following control tests can
be used:
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Use of the following equipment can be used to assist the operator in improving
plant performance:

Raw water and plant effluent meters

Filter control

Raw water and. plant effluent turbidimeters:
Residual chlorine recorder

Control tests, meteﬂng, instrumentation, and control are discussed in more
detail in section IV B, Water Quality Control.

In addition-to water quality monitoring on the plant site, samples taken
regularly from the distribution system should be examined to ensure that
applicable drinking water regulations are met and to ensure that the water is of
high quality when it reaches the consumer.

J. REGIONALIZATION

As discussed - in sectionIl D, Alternatives to Treatment, physical
consolidation of facilities may be desirable for some small water treatment
systems. However, regionalization of treatment or distribution facilities is
neither feasible nor desirable for all small water systems. Other aspects of
regionalization should be considered in an attempt to upgrade existing facilities.
For example, management and administrative functions could be combined;
county, parish or township public service districts could be formed to operate
and maintain several facilities; and a central laboratory _could be used by
several small water systems.
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V1. COST DATA

Initial investment costs and 6pération and maintenance costs are presented
herein for conventional water treatment facilities and for package water
treatment plants. The cost curves are intended to assist in evaluating proposed
new facilities and modifications to existing facilities. '

Key to the development of these costs is the relationship of population to
water consumption. Provided in Table 33 are the water use projections used in
this report. '

Table 33

TREATMENT PLANT DESIGN CAPACITY

Plant Per Capita Design Plant
Population Design Rate Capacity
(1) 3 (2) 3 (3)=(1)x(2)
m*~/c/day (gped) m~/day (gpd)

.25 9.0 , (2400) 227 (60,000)
250 4.6 (1200) 1136 (300,000)
1,000 1.9 (500) 1893 (500,000)
2,500 1.1 (300) 2839 (750,000)
5,000 0.8 (200) 3785 (1,000,000)
10,000 - 0.6. (150) - 5678 (1,500,000)

The plant per capita; design rates in Table 33 are based on water usage or
usage rate and on an assumed amount of storage in the system. For the smallest
svstem, no storage was assumed in the system; therefore, the plant design rate
is based on the maximum rate of usage which would be for watering lawns or
gardens. For the largest systemy a normal maximum day per capita usage was
assumed along with adequate storage in the system to supply any water require-
ments which would exceed this rate.

Cost data presented are appropriate for average situations. They should
permit development of preliminary cost estimates for water treatment facilities



when used with judgment regarding local conditions. An engineer should be
engaged to review local conditions and to evaluate the manner in which this
report’s cost information will be used.

It is emphasized that the cost data contained in this report cannot be used
as a substitute for detailed cost estimates based on a particular water treatment
situation. Among the many variables, which affect actual construction costs are
the following:

(a) Characteristics and complexity of specific plant design.
(b) “Current and projected labor costs.

(¢) Contractors’ attitudes regarding their need for work.
. (d). Availability of materials.

{e) Climate and seasonal factors.

‘Local factors can also have a significant effect both on construction and on
operation and maintenance costs.

It is essential that the user of the cost és_timating methods presented in
this report review all introductory material. In particular, the information
discussed at the beginning of section VI A, Capital Costs, and section V1 B,
Operation and Maintenance Costs, should be understood prior to use of the
cost curves and tables.

For the most part, each cost curve extends from_‘227 m3/day (0.06 mgd) to
5680 m3/day (1.5 mgd). Exceptions are the cost curves for diffused aeration,
clarification processes, -filtration, disinfection methods, and package plants. In
general, diffused areation is not economical for treatment plants with design
flows less than 1890 m3/day (0.5 mgd).

For small water treatment systems, the most applicable range for
clarification, filtration and disinfection unit processes overlaps with the most
applicable range for‘péckag'e plants. This situation is reflected in the cost
curves. The solid portion of each cost curve indicates the most applicable range
for that unit process or package plant. The dashed portion of these cost curves
indicates the plant design flow range in which conventional unit processes or
package plants might be utilized.
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A. CAPITAL COSTS

Cost curves were developed for treatment processes judged appiicable to
small water. treatment systems. These curves relate capital costs to quantities of
water treated and to population. served. Estimates of complete water treatment
plants or additions to eXisting plants may be developed on the basis of -these
relationships.

Yard piping, fencing (where applicable), and sitework have been included in
the curve for each unit process. When adding unit process costs together some
of these items may overlap; this may cause the total cost to exceed actual plant
costs by 10 to 25 per cent. '

Cost data, developed specifically for this report, are based on information
from various manufacturers and on the. experience and judgment of the
investigators. Preliminary designs and engineering cost estimates were developed
for each unit process at various low rates. Estimates of rconstruction costs are
representative of average price levels as of January, 1977. The Engineering News
Record Building Cost Index of that date had a value of 1489.

Included . in the capital® .costs are necessary construction -costs, ‘a
contingency amount and engineering, legal and administration-fees. A .cost for
fencing is provided. for mechanical -aeration, diffused - aeration, rapid - mix,
flocculation, sedimentation, ozone contact chamber and .waste disposal
(lagoons). For each of the other treatment methods an enclosure is
recommended and separate cost curves are prov1ded '

-Capital' costs - for ‘unit proceses,. package plants and enclosures are
‘developed as follows: . :

{1} Construction cost —included are necessary costs for equlpment
materials, installation, freight and start-up.. '

@ S1tework — estimated as 10 per een‘t, of t_he cdnstruetion eolskt.,';

(3} . Electrical — estimated .as 20 per cent of .the construction cost.



(4) Contingency — estimated as 10 per cent of the total of construction
cost, sitework, electrical and fencing (if applicable).

(5) Engineering, legal and administrative — estimated as 15 per cent of
the total of construction cost, sitework, eclectrical, fencing (if
applicable), and contingency.

Equipment and materials capital costs are based on use of prefabricated,
modular, or factory built/field assembled units to minimize on-site construc-
tion. Design parameters use'd for sizing unit procésses should not be generally
applied to all water treatment situations. Design parameters should be selected
on the basis of raw water characteristics for each application.

Enclosure capital costs include costs for a prefabricated insulated metal
bulldmg foundatlon and necessary plumbmg and glectrical fac111t1es

Separate cost curves for enclosures and treatment facilities have been
provided to allow the enclosure cost to be deleted where climate would not be
detrimental to treatment process efficiency or equipment integrity. It must be
recognized, however, that the enclosure cost curve includes the foundation.
Therefore, if an'-enclosure is judged not necessary fora specific situation, then
a foundation cost must be added to the capltal cost for-the treatment process
in question. ) ’ '

Capital costs for laboratory facilities are not provided in ‘this section of
the report, but are given in sectlon IV B2 Laboratory Fac111t1es Estimates of
construction costs do not include costs for high service pumpmg, treated water
storage or extraordinary costs related to large amounts . of rock excavatlon site
dewatering or piling.

1. Unit Processes

¢~ Figures 5 through 33 are the capital cost curves for various water treatment
unit~processes.” Prior ‘to use of:the cost curves, the estimator should carefully
review the following summaries of equipment, material, and design criteria used
in developing the unit process capital costs. If -local conditions require use of
different design criteria or equipment, the capital costs must be revised
accordingly.
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An example calculation illustrating use of the unit process capital cost
curves is provided in section VIC. '

a. Mechanical Draft Aeration. Capital costs for this aeration process
are based on an induced draft aeration unit located above a basin. The
following design criteria are used to develop capital costs for mechanical draft
aeration:

(1) ten trays vertically spaced approximately 0.305 m (12 in) apart.

(2) tray area furnished is 3.9cm2 per m3/day 40 ft2 per mgd).

(3) air supply rate of 0.019 m3/min per m3/day (2,500 cfm per mgd).

Capital costs for this unit process include costs for the following
equipment and materials: prefabricated -aluminum induced draft aeration tdwer,
blower, motor, basin, foundation, necessary controls, -associated. valves and
piping, and fencing. Refer to Figure 5 for the mechanical draft acration- capital

.cost curve.

b. Diffused Aeration. Diffused aeration capital costs are based on a
system which consists of an aeration tank and the means of supplying
compressed air to this tank. The following design criteria are used:

(1) basin depth of 3 m (10 ft).

(2) basin width from 3 to 6 m (10 to 20 ft).
(3} width to depth ratio less than 2:1.

(4) retention time of 20 minutes.

(5) air supply of 0.67 m3 of air/m3 of water (0.09 ft3/gal).

The following equipment and materials are included in the diffused
aeration capital cost curve: steel aeration- tank, foundation, positive displace-
ment air compressor and motor, air piping, air diffusers, inlet filter silencer,
necessary controls, associated valves and piping, and fencing. Refer to Figure 6
for the diffused, aeration capital cost curve. '
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c. Activated Carbon Beds. For the activated carbon adsorption process,
capital costs are based on a fixed-bed gravity feed system which uses an 8x30
mesh size granular carbon. Also included is an empty tank for storage and
dewatering of the spent activated carbon. To develop the activated carbon bed
capital cost curve, the following design criteria are used:

(1) media depth of 1.2 m (4 ft).
(2)_p_su‘rface loading rate of 160 m3/m2/day Q.7 gpm/ftz).
(3) contact time of 11.25 minutes.

(4) three cells, each handling one-third of the total ﬂoW.

The capital cost curve for activated carbon beds is based on cor;ts for the
following equipment and materials: prefabricated steel three-cell gravity filter
shell including underdrain system and supporting gravel, activated carbon,
surface wash systern, backwash system, spent carbon storage tank, necessary
valves, piping and manual controls. Refer to Figure 7 for the activated carbon
bed capital cost curve, along with a capital cost curve for an enclosure.

d. Activated Alumina Columns. Capital costs developed for the
activated alumina adsorption process are -based on a duplicate-column,
gravity-feed system using grade F-1, 28x48 mesh size alumina. Also, included in
these capital costs are facilities for iegenerating the alumina. Regeneration
involves backwashing with raw water, sodium hydroxide and sulfuric acid. To
prepare the activated alumina column capital cost curve, the following design

criteria are used:
(1) “media depth of 1.07 m (3.5 ft).
| (2) surface loading rate of 180 m3/m2/day 3 gpm/ftz).
(3) contact time of 8.7 minutes.

{(4) two cells, each handling one-half of the total flow.

The following equipment and  materials are included in the activated
alumina capital cost curve: prefabricated steel shell, underdrain system,
activated alumina, supporting gravel, surface wash system, backwash system,
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associated valves and piping, necessary manual controls, chemical feed system
and storage tank for each of the regenerative chemicals, and a mechanical mixer
for the sodium hydroxide storage tank. Refer to Figure 8 for the activated
alumina capital cost curve, and the capital cost curve for an enclosure.

e. Rapid Mix. Capital costs for the rapid mix procéss are based on a
mixing basin with a flash mixer and a by-pass pipeline with a static mixer. The
static mixer is provided as backup for use when the mixing basin or flash mixer
is out of service. The volume of the mixing basin is specified by the retention
time; the velocity gradient determines the power needed by the mixer. To
prepare the rapid mix capital cost curve, the following design criteria are used:

(1) one basin.
(2) retention time of 45 seconds.

(3) velocity gradient of G =750 secL

The following is a list of equipment and materials included in rapid mix
capital costs: steel basin, foundation, flash mixer, metal stairs, metal grating,
mixer support, by-pass pipeline with static mixer, necessary controls, associated
piping and valves, and fencing. Chemical feed equipment is not included in the
rapid mix cost estimates. Section VI Al (o), Chemical Feed, bontainS"vaﬁous
chemical feed system costs. Refer to Figure 9 for the rapid mix capital cost

curve,

f. Flocculation. . The flocculation process capital costs are based on
utilizing vertical turbine flocculators in the flocculation basins. The retention
time determines the volume of the basin. The power of the vertical turbine
flocculator is calculated from the velocity gradient (G).- The following design
criteria are used:

(1) retention time of 30 minutes. o -
(2) velocity gradient of G =50 sec'l-
- (3) two basins, each handling one-half of the total flow.

(4) one vertical turbine flocculator per Basi_n.
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Capital costs for flocculation include costs for the following equipment
and materials: steel basin, foundation, vertical turbine flocculator, influent and
effluent devices, metal stairs, f]ociculator support, metal grating, necessary
“controls, associated valves and piping, and fencing. Refer to Figure 10 for the
flocculat:lon capltal cost curve.

g. Sedimentation. Capital costs for the sedimentation progiess are based
on a sedimentation basin sized to allow settling oflcoagulated particles. and
furnished with equipment for removal of the waste solids. The following design
criteria are used to develop the capital cost curve for the sedimentation
process:

_ (1) retention time of 4 hours
(2) surface loading rate of 16 m3/m2/day (400 gpd/ft2)

(3) two basins, each handling one-half of the total flow. =
Sedimentation capital costs include costs for the following équipment: and
materials: steel basin, foundation, mechanical waste solids collection equipment
and support, submerged orifice peripheral weir, metal grating, necessary
controls, -associated piping and valves, and fencing. Refer to Figure 11 for the
sedimentation capital cost curve. C ' T
h. Flocculator-Clarifier:  Flocculation and- sedimentation can both be
achieved in a, flocculator-clarifier. Design criteria used to develop the
flocculator-clarifier cost curve are as follows: o

(D .,ﬂocculatiqn zone retention time; of 30 minutes.

(2) sedimentation zone surface loading rate of 16 m3/m2/day
(400 upd/ft2)

. '-::,63') two basms each handhng one-half of the total ﬂow

"'".The' f]occulator—clanﬂer cépitaI' cost _curve includes the followmg
equ1pment and matenals ste:el basm,_foundatlon, mechamcal waste . solids
colléction equlpment and support vertical turbine flocculator submerged.
orifice peripheral weir, metal stairs, metal grating, necessary controls, associated
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piping and valves, and fencing.' Refer to Figure 12 for the flocculator-clarifier
capital cost curve.

i. Ion Exchange Softening. Capital costs for the ion exchange softerling
process are based on a complete softening system. This system includes
facilities for blending softened and raw water, and facilities for automatic
backwash and regeneration. Design criteria used to develop the capital cost
curve for ion exchange softening are as follows: '

(1) softening 75 per cent of the plant flow and’ blendlng with the

remaining raw water.

(2) automatic regeneration and backwash -triggered by time-clock control.

Capital costs for ion exchange softening include costs for the following
equipment and materials complete ion exchange softening system with
automatic controls, “associated valves and piping, cation exchange resin, brine
tank and necessary regeneration :equipment. Refer to Figure 13 -for the ion
exchange softening capital cost curve and an- enclosure capital cost curve. -

. j. Pressure  Filtration. . Pressure- filtration capital :cost curves’ are
developed for three surface loading rates. Costs are:based on multiple :unit
filters with automatic control of the backwash cycle. The following design
criteria are used to develop -capital costs for pressure filtration:...=

(‘l) surface loadmg rates of 120 "40 & '1‘60m3fm“’day (2 4 &
6gpm/ft2)

(2) three to seven ﬁlter cells each cell handhno an equal portlon of the
plant flow. : LI

The capital cost curves for pressure filtration are based on the followmg
equipment and materials: multiple package pressure filters, associated’ valves
and piping, automatic controls, surface _wash system, backwash system, and
media. Variance in media costs is not sngmﬁcant m the’ cost of the filter. Refer
to Figure 14 for pressure ﬁltratlon cap1tal cost curves and enclosure caprtal cost
curves. o
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k. Gravity Filtration. For the gravity filtration process, capital costs
curves are developed for different surface loadings. Variance in media costs is
not significant in the cost of the filter. Provisions are also included for
automatic control of the backwash cycle. To prepare the capital cost curves for
gravity filtration, the following design criteria are used:

(0 surface loadmg rates of 120, 240 & 360 m3/m2/day (2, 4, &
: 6gpm/ft“

(2) three cells, each handling equal flows.

_' Cap1ta] cost curves for grav1ty ﬁltrauon include costs for the following
.‘equ1pment and materials: package triplicate unit gravity filters, associated
; _valves and plpmg automatic controls, surface wash pump, backwash pump, and
medla Refer to Figure 15 for gravity ﬁltratlon capital cost curves and -enclosure
capital cost curyes.

_ 1. Demineralization. For the demineralization process, capital costs are
”based on a ‘two-bed system. This system includes facilities for blending
Idemmerahzed and raw water, and facilities for .automatic regeneration.
‘:'Regene_:rat_lon involves backwashmg with sulfuric acid and caustic soda.

The following design criteria were used to develop the demineralization
capital cost curve:

’ >(l'l)“ demmerallzmg 75 per cent of the plant flow and blendmg with the

remamlna Taw water
{(2). two—_bed. system:
i ‘(3')" éui:amatic regenératibn and backwash triggered by 'conductivity
control.

-(4) influent TDS of -1000 mg/l was assumed.

The capital cost curve for demineralization includes costs for the following
equipment and materials: two-bed demineralization system, cation and anion
exchange resins, necessary regeneration equipment, associated valves, piping and
automatic controls. Refer to Figure 16 for the demineralization capital cost

curve and a capital cost curve for an enclosure.
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m,  Electrodialysis. The electrodialysis capital cost curve was developed
for a complete multiple-stage electrodialysis system. Costs were obtained for
standard units as rated by the manufacturer for operation with a raw ‘water
TDS concentration of 1500 to 4000 mg/l. For these electrodialysis lrnits
‘ predlcted per cent water. recovery ranges from 65 to 85 and predicted per cent
TDS removal ranges from 82 to 96. Local water quality may change the rated
capacity of these units.

Electrodialysis capital costs include costs for the followmg equrpment and
materials: skid-mounted - reverse polarity electrodialysis ‘unit ‘with’ membrane
" stacks, rectlﬁers, low pressure feed pump, ‘brine recirculation pump, chemlcal
" cleaning equipment, cartridge filters, necessary valves, plpme and automatw
- controls: - Refer to Figure 17 for the electrod1alysrs capltal cost’ curve The
enclosure capital cost curve for electrodialysis is shown on Figure 18, '

‘~n. Reverse Osmosis.. The reverse osrnosis capital' cost” curve was
~ developed for a complete reverse osmosis tréatment system. Costs obtamed
were- for standard units as rated by the manufacturer for operatlon wrth a feed
of 1500 mg/l NaC1 at 400 psi. 25°C (77°F), and 75 per cent conver510n "Local
water quality may change the rated capac‘rty_of‘these u_mts._ .

Capital costs for reverse osmosis include costs for the fellowme"eqiribrnent
and materials: sk1d-mounted membrane-type reverse osmosis unit with hollow
“fine fiber membranes, hlgh pressure  pumps, cartndge ﬁlters, acid and
polyphosphate feeding equipment, necessary valves, pi-pjng ‘and automatic
controls. Refer to Figure 19 for the reverse osmosis- capital cost. curve.
Presented on Figure 20 is a capital cost curve for an enclosure for this unit
--process.’ ' - ‘

o. Chemical Feed. Capital costs have been determined for the following
chemical feed systems:

(1) powdered activated carbon.
'(2)' coagulants. '

(3) hydrated lime.
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“4) poljmer.

(5) polyphosphate.

(6) chlorine.

(7) ozone.

(8) calcium-hyppehlorite. -

_ (9) ,sddium .hypochlor_it'e (pd_rchased).
'(1‘0)- : sedium -hypodh_lor_tte (oh-site generation). -

Chemical feed system capit'al costs include all eqdipment essential for the
storage, mixing and application of the chemical. Duplication of equipment, i.e.,
a standby system, is not provided. for powdered actwated carbon polyphosphate _
ozqne or sodlum hypochlonte (on site generat1on) chemlcal feed systems 1he
cost for a standby feeder or metermg pump is 1ncluded in the chlorme calc1um
hypochlorite and sodium hypochlonte (purchased) chemical feed system capltal
costs. A standby chemical feed system is included in the coagulant, hydrated
lime and polymer capital cost curves. For each chemical feed system, separate
capital cost curves have been developed for selected chemical dosage
concentrations. Figures 21 through 30 show capital cost curves for various
chemical feed systems and their enclosures

L J.-,;- Powde}qd Activa_ted Car,_bon. . Powdered activated :.carbon dosages-
used to develop capital ~ost curves for this chemical feed system are 20 mg/l.or
less and. 50 mg/l.. Refer to Figure 21 for the powdered activated carbon capital
cost curves and for enclosure capital cost curves.

- 2... Coagulants.. The coagulant chemical feed capital cost curve is based
on -a system dosage -capability of up to- 50 mg/l. Refer to Figure 22 for the
coagulant capital cost curve .and for an enclosure capital cost curve.

3. Hydrated Lime. Hydrated lime capital cost curves are based on
chemical feed systems capable of feeding:50 mg/l.or.less, 100 mg/l and 200 mg/!
of hydrated lime. Refer to: Figure 23 for-these capital cost curves and for
enclosure capital cost curves.
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4. Polymer. Polymer dosages used to develop capital cost curves are
0.5, 1, 3 and 5 mg/l. Refer to Figure 24 for polymer chemical feed capital cost

curves along with enclosure capital cost curves.

5. Polyphosphate. The polyphosphate chemical feed capital cost curves’
are based on a system dosage capability of up to 5 mg/l. Refer to Figure 25
for these capital cost curves and for enclosure capital cost curves,

6. Chlorine. The chlorine chemical feed capital cost cur\}'es- are based on
selected chlorine dosages of 5 mg/l and less and 10 mg/l.-Shown.on Flgure 26 are
chlorme cap1tal cost curves and capital cost curves for enCIOSures “

7. Ozone Capltal costs for the ozone dlsmfectlon process ‘are based on’
the on- 51te generatlon “of ozone and its apphcatmn w1th1n a basm sized to”
prov1de adequate contact t1me Costs 1nc1uded are for a1r feed ozone generatmg'
equlprnent ) ’ o o

: The following design criteria are used for the-ozone capital ‘costcurves::. - -
(1) -contact time of 15 minutes.
'(2) ozone dosages of 1.5, 5 and 10 mg/l.
Capital costs for ozone disinfection include costs for the following
equipment and -materials: ozonator, steel basin, foundation, mietal stairs, and
fencing for the contact basin. Refer to Figure:27 for the ‘oZzone "capital cost:
curves and also ‘for’ erclosure capital cost ‘curves. Enclosure capital costs are:
based on enclosures sized only for the ozone generating equipment.: *= @ - @ =

8 Calcium® Hypochlorite. -~ The calcium hypochlorite . chemical® feed
capital costs are based on calciuinn hypochlorite dosages of 1.5,.5 and 10 mg/l:-
Refer to Figure 28 for calcium hypochlorite feed s'ystemfcapit_'al 'costf curves and

enclosure capital cost curves.

9. Sodium Hypochlorite! -'Sodium hypochlorite capital: ‘cost: Curves-are
based on chemical feed systems capable of feeding- 1.5, 5 and 10 mg/l sodium.
hypochlorite dosages. These cost curves are applicable “when sodium
hypochlorite is purchased. Refer to Figure 29 for these capital cost curves and
for enclosure capital cost curves. -
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10. Sodium Hypochlorite (On-Site Generation). The capital costs
developed for sodium hypochlorite on-site generation facilities are based on
using salt in a brine solution as opposed to sea water. Sodium hypochlorite
dosages of 1.5, 5 and 10 mg/l are used. Capital costs for -this disinfection
process include costs for the following equipment and materials: sodium
hypochlorite generator, brine system, brine tahk, and the recycie tank. Refer to
Figure 30 for capital cost curves for sodium hypochlorite on-site generation
facilities and for enclosure capital cost curves.

2. Laboratory Facilities

‘ A capltal cost curve for Iaboratory facﬂltles is not presented in thls report._'
A oost curve is not necessary as one laboratory size is applicable for the range ’
of treatment fac111ty 51zes con51dered Refer to sect10n IV B2, Laboratory..
Fac1ht1es for a laboratory cap1tal cost.

3. Waste Disposal Facilities

‘ I(f{e:l.pitaal'costs .;for.a Iagoon wasie oi-sposal faciiity are'-b'a.sed on dispooél of
waste solids from a furbidity removal plant. The following design criteria are used:
, ,_,:(1)_ l?g;bidity of SOJTU
. (2)-- alum dosage of 30 mg/L
.(.3,) - £etentioo time of-2 'years. B
(4). in_ﬂuont wasto solids co_psisting__of 5 per cent solids.
(3) two-oeli la)groon‘ o o

Cap1tal costs mclude costs for excavatlon 1nlet and outlet appurtenances,
seeding and fencmg Refer to F1gure 31 for the lagoon capital cost curve.

4. " 'P;aci(agé' Plants

The capital cost curve for package water treatment plants is based on a
complete treatment facility. Included are costs for the following equipment and
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materials: coagulant, polymer, and chlorine chemical feed systems; mechanical
flash mixer; mechanical flocculator; sedimentation: filters; surface wash and
backwash systems; steel basins; and necessary valves, piping and automatic
controls. Refer to Figure 32 for the package plant capital cost curve and for an -
enclosure capital cost curve. ' ‘

5. Upgrading Existing Facilities

Section V of this report discusses vatious methods available for upgredmg
water treatment facilities. Capital cost curves for some of these methods are
provided in section VI A1, Unit Processes. Thus, it is 'not'neeessary to discuss
them in this section. The Tapid mix capital cost curve is shown on Figuré 9 and
the flocculation capital ‘cost curve is shown on’ Figure 10. Refer to Figure 24‘,
for the polymer (coagulant or filtration aid) capital cost “curves. Cost
information for use of a new chemical is shown on Figures 21 through 30.

Capital costs are not presented for replacement'ef :ﬁlt‘er"medid 'cheﬁtical
change or 1improvement of hydraulic conditions, operator trammg, or
monitoring and control as thése are best determined for’ each water treatment
situation. o o B

The only upgrading method to be discussed in detail here i$ use of'rtube
settlers. Capital costs for this process are based on installation of settling tubes
in an existing sedimentation basin. The following design criteria are used to
develop capital cost curves for the tube settling system: o

(1) settling tube surface loading rate of 180 m3/"m2/‘day' (3 gpm}ftzj.
(2) 5 em (2 in) square tubes inclined at 60° from the Hbriiont'ei.
(3) adequate tubes are prowded to settle the existing plant flow

Capital costs for this method of upgrading water treatment facilities
include costs for PVC settling tubes and the support beams Refer to Figure 33
for the settling tube capital cost curve.
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B. OPERATION AND MAINTENANCE COSTS

Based on the average cost information presented, total annual operating and
‘maintenance ex'penses for various plant components may be developed. Where
it was not possible to base operation and maintenance cost data on manu-
facturers’ information, cost elements were e"stimated.

“Actual costs may vary 'a'pprei:iabty from the estimated average costs in tl;j_s
report. However, when used with' judgment, the data preserited should be of
value for preliminary cost estimates. The user should recognize the ‘inherent
limitations of such estimates and shouid develop ~applicable operating cost
estrmates based on local cond1t10ns

- Cost- data were adjusted to indicated cost levels for Jenua_ry-]977. To
update these costs, they may be trended to the applicable date by using the
“Wholesale Prices and Price lndexes as published by the Bureau of Labor
Statrstlcs US Department of Labor The Who]esale Pnce Index for
January 1977 is 188 4. If knowledge of a spec:1ﬁc local situation indicates a
more appropnate updatlng method such lnfomlatlon should be utilized.

‘Major elements of operation and ‘mainteriance costs considered includé
labor, power, supplles and chemicals. Annual labor cost curves are prov1ded for
the followmg types of treatment fae1ht1es ' :

et

Type-l —minimal treatment such as.disinfection:only:

'- Type 2 - paekege plarits.

Type 3 — conventional facility with chemlcal addltlon clariﬁeation,
ﬁltratlon -and d151nfect10n . ' '

Type 4 .—conventlonal fac11.1ty descnbed- above. with one additional special
process such as ion exchange, electrodla]y51s, reverse Osmosis,
- activated- alumina, etc: ' '

The Iabor costs md1cate the tota] requu-ements to adequately operate and
maintain the fac1hty Man-hour requirements- for -these treatment facilities are
based on desirable levels of operator attention for each type of plant. For the
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Type 1 and Type 2 facilities it is estimated that one part-time operator is
required. For the Type 3 and Type 4 facilities, round-the-clock operation with
one to two operators per shift is recommended. The average hourly earnings
rate (wages plus fringe benefits) used is $7.30. This rate is based on the
National Average Earnirig Rate published by the U.S. Departmeént of Labor,
Bureau of Labor Statistics, for nonsupervisory employees in the public utility
industry, under “Water, Steam and Sanitary Systems”, SIC Code 494-7, as of
January 1977. If local conditions indicate a different earningsv ra-t'e_, such"
information should be used. Refer to Figure 34 for annual labor cost curves for
Type 1 and Type 2 Ifac-i_liti.es. Refer to Figure 35 for annual labor cost curves
for Type 3 and Type 4 facilities. e '

Power cost cuives’ are provided for the applicable'unit nroces_ses'and_f:or
package plants. These power costs are based on equipment power requirements,
and _estimate of the operatmg time of the equipment, a power. cost of
SO 03 per kWh and a 10 per cent contingency.

= Cost ‘curves for supphes mclude costs for normal annual upkeep and
1mprovement materials. Un1t process supply cost curves 1nclude costs for 011
grease, belts chiins, Enclosure supply cost curves mclude cleanmg
materials, pamt etc. The supply costs are based on 5 per cent of the equ1pment
cost for each unit process and package plant, 2 per cent.of the construction
cost for each enclosure .and a 10 per.cent contingency. Supplies cost curves for
electrodlalysrs and reverse osmosis are exceptrons ‘They: are based .on. estrmated
costs from manufacturers Electrod1a1y51s supplies range in cost from $0.20 to
$0.30 per 3.8 m3 (1000 gal), depending on- plant size. Reverse osmosis supplies
range in cost from 50.20 to $0.50 per 3.8 m3 (1000 gallons) dependlng on
plant 51ze

Chem1ca1 costs are provrded in Table 34 for various chemlcals used in water
treatment. These chemical costs are for January 1977 and should be trended as

necessary by using the Wholésale Price Index as dlscussed prewously

1

Chemrcals not hsted in Table 34 include: pgranular activated carbon,
repenerative chemicals for activated alumina, ion exchange softening and
demineralization;.and salt for sodium hypochlorite on-51te generatlon Costs for
thesz chemicals are: prowded on cost curves. 0 i R
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Table 34

WATER TREATMENT CHEMICAL COSTS

Chemical Packaging
Activated Carbon 65 1b bags
(Powdered)
Alum 100 1b bags

Calcium Hypoe]-i}rorite' 100 Ib drums

Chlorine 100 1b cylinders

Ferric Chloride -.- 175 1b drums

Ferric . Sulfate .- 100 1b bags

Hydrated Lime 50 1b bags
Polyphosphate, " 100 1b bags

(Sodlum Hexameta)

Polymer (Dry)

(Wet) K 55 gallon drums
Potassmm . o 110 Ib bags
Permanganate ’

" 550 1b bags

50 1b & 100 Ib bags

Price

1-14 bags, 44.45 cents per 1b

15-28 bags, 41.95 cents per Ib
29-50 bags, 39.45 cents per Ib

1-9 bags, $16 per bag
10-20 bags, $11 per bag
21-100 bags, $9.25 per bag

S81.60 per drum

1-9 cylinders, $30 per cylinder
10-24 cylinders, $26 per cylinder

0-630 1b, 18.65 cents per Ib
631-12,000 Ib, 17,90 cents per Ib

1 bag, $10.15.

' 2-20 bags, $8.90 per bag

21-100 bags, $7.65 per bag

1-40 bags, $2.85 per bag
41-200 bags, $2.23 per bag

1-9 bags, $36.80 per bag
10-19 bags, S34.80 per bag

varies; use $2.25 per b
varies, use $0.30 per lb

" 92.35 cents per Ib

73.80 cents per Ib

) Refer to sectron VIC for an example of the development of annual
operatlon and mamtenance costs using the labor, power and supplies cost

curves and the chemlcal cost table

. 1. Unit Processes -

Flgures 34 through 7:: are operatron and mamtenance cost curves for various
water treatment unit processes Before using these cost curves the estimator
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should carefully review the following summaries of power requirements and
chemical dosage rates or regeneration requirements used in developing the unit
process operation and maintenance cost curves. In addition, the preceding
introductory material should be reviewed for general considerations regarding
preparation of labor, power and supplies cost curves and Table 34, Water
Treatment Chemical Costs.

If local conditions dictate use of different design requirements, the
operation and maintenance cost curves must be revised accordingly.

a. Mechanical Draft Aeration.: Operation and maintenance cost curves
developed for mechanical draft aeration include power and supplies, which are
presented on Figure 36. Power requlrements are based on the blower motor
horsepower and 24 hour per day’ operatlon '

b. Diffused. 'Aeration. ‘Operation and maintenance cost. curves for
diffused aeration‘ include power requirements and supplies, as shown on
Figure 37. Power requirements are based on the compressor motor horsepower
and 24 hour per day use.

c. Activated Carbon Beds Included in the ope'rat'ion and maintenance
cost curves for actlvated carbon beds are power, equipment supphes and
enclosure supplies., These three cost curves are presented on, Frgure 38 An
actlvated carbon media rep]acement cost curve is presented on Frgure 39. Power
costs are based on . the backwash pump and surface wash pump motor‘-
horsepower requ1rements and their use for one hour each day. The media
replacement cost curve s based on shipment of spent carbon to a ctustom
regeneration facility. Assumed transport distance and regeneration interval are
1610 km (1000 miles), one-way, and 6months, respectWer Included 1n the
media replacement cost curve are frenzht regeneratlon and replacement of
media lost during shlppmg and/or regeneratlon Necessary labor was assumed
provided by the water treatment facility, therefore no additional cost was
included.

d. Activated Alumina Columns. Operation and mainténance cost curves

for activated alumma include power, equlpment supphes and enclosure supplles
which are presented on Flgure 40. A regeneratlve chemlcal cost curve is also
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presented for activated alumina columns on Figure 41. Power requiremerts are
based on the total motor horsepower for surface wash pump, backwash pump,
chemical feed pumps, and chemical mixer. Use of the backwash and surface
wash pumps is estimated at one hour each day and the chemical feed pumps
and mixer are estimated for use once every six days for 2 hours. The
regenerative chemical cost curve includes cost for sodium hydroxide and
sulfuric acid. Available information indicates that activated alumina.material
must be replaced every 2 to 5 years.

e. Rapid Mix. Rapid mix operation and maintenance cost curves
include power and equipment supplies and are shown on- Figure 42. Power
requirements are based on the flash mixer motor horsepower and 24 hour per
day operation.

f. Flocculation. Operation and maintenance cost curves developed for
flocculation include power and supplies and are shown -on-.Figure43. Power
requirements: are based on the turbine flocculator motor' horsepower and
24 hour per .day use.

--g. Sedimentation. Operation and maintenance cost curves developed for
the '.sedimentation. process include a cost curve for power and .one for supplies
as shown .on:'Figure 44. The power cost curve is based on the horsepower-
requirement.of the sludge collector motor and 24 hour per day. operation.

-+ ..'th. Flocculator-Clarifier. Developed for the flocculator-clarifier are :. . . :.

operation and.maintenance .cost curves for power and supplies. These two cost
curves.are.shown on.Figure 45. Power costs are based on sludge collector motor -
‘horsepower, turbine flocculator motor horsepower, and- 24 hour per .day
operation.

i. ‘lon Exchange Softening. Ion exchange softening operation .and -
..maintenance - cost: curves include curves for power, equipment supplies and
enclosure: supplies, .which are shown on Figure 46. A regenerative chemical cost
curve is provided for ion ex.chlangel so_ftelning on Figure 47. Power requirements
are ‘based on the:total motor hoi'sepowér for backwash. pump and chemical
.mixer. Use:of -this.equipment is estimated at one hour per day. The regenerative
- chemical cost curve is based on equipment manufacturer’s stated salt require-
ments.
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j- Pressure Filtration. Operation and maintenance cost curves for
pressure filtration include power, equipment supplies, and enclosure supplies
cost curves for surface loading rates of 120, 240 and 360 m3/m2/day (2, 4 and
6 gpm/ftz). Figures 48 and 49 include these nine cost curves. Power costs are
based on backwash pump motor horsepower, surface wash pump motor
horsepower and equipment use one hour each day.

k. Gravity Filtration. Gravity filtration operation and maintenance cost
curves include power, equipment supplies and enclosure supplies cost curves for
surface loading rates of 120, 240 and 360 m3/m2/day (2, 4 and 6'gpm/ft2).
These nine cost curves are presented on Fipures 50 and 51. Power costs are
based on motor horsepower requirements for backwash pump, surface wash
pump, and equipment use for one hour each day.

1. Demineralization. Operation and maintenance cost curves for de-
mineralization include power, equipment supplies, enclosure supplies, and
regenerative chemicals. These curves are shown on Figure 52 and Figure 53.

Power requirements are based on the total motor horsepower for
backwash pump, chemical feed pumps and on use of each of these pumps one
hour each day for systems less than 380 m3/day (0.1 mgd) and three hours
.each day for systems greater than 380 m3/day (0.1 mgd). The regenerative:
chemical cost curve is based on costs for caustic soda and sulfuric acid:

m. Electrodialysis. Operation and maintenance cost curves developed
for the electrodialysis unit process include power, equipment supplies and
enclosure: supplies. Power and equipment supplies cost curves are presented on
Figure 54. Power: costs are based on power requirements for the electrodialysis
process equipment, feed pump motor, brine recirculation pump motor and
chemical cleaning equipment. Power costs are based on 3 kWh per m3 (11 kWh
per 1000 gal) and equipment supplies costs inciude membrane and cartridge
filter replacements plus cleaning chemicals. Figure 55 includes the enclosure
supplies cost curve.

n. Reverse Qsmosis. Reverse osmosis operation and maintenance cost
curves include power, equipment supplies and enclosure supplies. Figure 56
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includes the power and equipment supplies cost curves. Power costs are based
‘on 3 kWh perm (11 kWh per 1000 gal) and equipment supphes costs include
. membrane and cartridge filter replacements along with necessary chemlcals The
-enclosure supplies cost curve is presented on Flgure 57.

o. Chemlcal Feed. Operatlon and mamtenance cost curves for chem1ca1
feed systems include power, equlpment supphes and enclosure supphes “for
various chemical dosages. Summarized in Table 35 are the chemical feed
systems and their appropriate cost curve figure numbers. .

. _ Table 35
SUMMARY OF CHEMICAL FEED SYSTEM
OPERATION AND ‘MAINTENANCE COST CURVES

Chemical Feed System Dosages (mg/l) \ Figure Numbers
Powdered Activated Carbon 50 or less " 58
Coagulant _ 50 or less 59
_.\Hydrated L1me - i S0 or_less", 100 & .200 . 60, 61
Polymer S 05 1,3&5 - 62, 63 -
Polyphosphate . : 5 or less = 64
Chlorine 5 or less & 10 65
Ozone 1.5, 5 & 10 v 66, 67
Calcium Hypochlorite 1.5, 5 & 10 68, 69
_ 'Scdium. I-!}{'pochlqﬁte _ ‘ 15, 5& 10 o _ “ 70 71,
Sodium Hypochlorite 15,5 & 10 _ . . . . 72,73.

(on-site generation)

Power costs are based oh'necesse'ry f-eleders, agitators; mixers, and rﬁeteﬁng
pumps and 24 hour per day operation. In addition to the chemical feed costs
previously discussed, cost curves for ozone: and sodium. hypochlorite {(on-site
generation) include the following operation and maintenance costs: power for
chemical _gen,erationr;ar;d_s_uppliesijr the, generating equipment and enclosure.
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Ozone pO\'ai/er requirements are based on 26 kWh per kg (12 kWh per 1b)
of ozone produced. Power requirements for on-site production of ' sodium
'hypochllorite are based on 10kWh perkg (4.6 kWh perlb) of chlorine
produced. Ozone and sodium hypbchlorite production is based on a flow rate
of 70 per cent of plant capacity. The salt requirement for sodium hypochlorite
production is 4.7 kg per kg (4.7 1b per lb) of chlorine produced.

2. Laboratory Facilities

_ Léboratory costs depend on type and frequen.cy of analyses and type and
condition of testing equipment. Laboratory operation and maintenance costs
should be determined for each local water treatment situation. Therefore_.'these
- costs are not presented in this report. )

3. Waste Disposal Facilities

The operation and maintenance cost curve for lagoons is based on waste
solids removal by contract. This cost is related to the total solids produced
using an alum dosage of 30 mg/l and a turbidity removal of S0 JTU. The
lagoon sludge removal cost curve is shown on Figure 74.

4. Package Plants

Package plant operatioﬁ and maintenance cost curves include power,
equipment supplies and enclosure supplies as shown on Figure 75. Power
requirements are based on the total 'motor horsepower for the flash mixer,
mechanical -flocculator, effluent, backwash and chemical feed pumps, and the

chemical mixers. Power costs include equipment use 24 hours per day.

5. Upgrading Existing Facilities
Operation and maintenance cost cuives corresponding to the various

upgrading methods described in section V have been discussed previously. Cost
curves are not presented for -replacement of filter media, chemical change,
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improvement of hydraulic conditions, operator fraining, monitoring, or control.
These are best determined for each water treatment situation. Cost curves for
tube settlers are not included as this upgrading method generally does not
create additional operation or maintenance costs.

C. COST DATA EXAMPLES

Three examples have been prepared which illustrate use of the cost data in
this report. Examples No. 1 and 2 develop capltal and operation and maintenance
costs for conventional facﬂltles Example No. 3 develops similar costs for a
package plant As Examples No. 2 and 3. are for facilities with equal capacity,
a companson of costs for a conventional fac1hty versus costs for a package plant
can be made.

1. Example No. 1

. The_ following - example .is based ‘on- treatment .of -a -surface water for
turbldlty temoval in a 3,000 m3/day (O 8 mgd)- enclosed -conventional plant
':W1th the following unit processes: : :

Rapid Mix
Flocculation
‘ Sed1mentat1on
Filtration—gravity with 240 m3/m2/day 4 gpm/ftz) rate-
Coagulatlon Feed—alum—20 mg/l
Polymer Feed=dry-0.5 mg/I
Chlorine Feed—gas—5 mg/l ..
Lagoons '
Laboratory
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a. Capital Cost — 3,000 m3/day (0.8 mgd) Conventional Facility.

Rapid Mix (Figure 9) % 21,000
Flocculation (Figure 10) ' 60,000
Sedimentation (Figure 11) 275,000
Filtration—Process (Figure 15) 105,000
Filtration—Enclosure (Figure 15) - 17,000
Coagulant Feed—Process (Figure 22) 15,000
Coagulant Feed—Enclosure (Figure 22) . 3,700

' Polymer Feed—Process (Figure 24) 7,400
Polymer Feed—Enclosure (Figure 24) 3,700
Chlorine'Feed—Process (Figure 26) - 7,000
Chlorine Feed~Enclosure (Figuré 26) 3,700
Lagoons (Figure 31) o 9,000
Laboratory (Section 1V, B, 2) 7,000

Total - . $534,500

An economic evaluation of proposed facilities should include a comparison
of either the present worth or the annual cost of the alternatives. It:is.common
practice in the water industry to use annual costs for judging alternatives. For
purposes of this report, a plant service life of 30 years and an interest raté of
8 per cent have been assumed. To determine the equivalent annual cost for
repayment of the capital cost, multiply the capital cost by the appropriate
capital recovery factor, as follows: | ‘ :

Annual Capital Cost = . Lo e

Capital Recovery Factor (30 yrs @ 8%) x Total Capital Cost =
0.0883 x $534,500 . )
" Annual Capital Cost = $47,480

Listed in Table 36 are additional capital recovery factors for various interest
rates. ‘ : '
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"Table 36

CAPITAL RECOVERY FACTORS*

Capital Recovery Factor

Year i=6% ‘ i=8% i=10% i=12%

1 1.060 00 1.080 00 '1.100 00 . 1.120 00

2 0.545 44 0.56077 . 0.576 19 0.591 70

3 0.374 11 - 0.388 03 0.402 11 0.416 35

4 0.288 59 0.301 92 0.315 47 0.329 23

5 0.237 40 0.250 46 0.263 80 0.277 41
6 0.203 36 0.216 32 0.229 61 0.243 23

7 0.179 14 0.19207 . 0.205 41 0.21912

8 0.161 04 ‘0.174 01 . 0.187 44 0.201 30

9. 0.147 02 0.160 08 0.173 64 . 0.18768
10 0.135 87 0.149 03 0.162 75 0.176 98
11 .0.126 79 0.140 08 0.153 96 0.168 42
12 0.119 28 0.13270 0.146 76 0.161 44
13 0.112 96 0.126 52 0.140 78 0.155 68
14 0.107 58 0.121 30 0.13575 - 0.150 87
15 0.102 96 0.116 83 0.131 47 0.146 82
16 0.098 95 0.11298 0.127 82 - 0.143 39
17 0.095 44 0.109 63 0.124 66 0.140 46
18 0.092 36 0.106 70 0.121 93 0.137 94
19 0.089 62 0.104 13 0.119 55 - 0.13576
20 0.087 18 0.101 85 0.117 46 0.133 88
21 0.085 00 0.099 83 0.11562 0.132 24
22 - 0.083 05 0.098 03 0.114 01 0.130 81
23 0.081 28 0.096 42 0.112 57 0.129 56
24 - 0.079 68 0.094 98 0.111 30 0.128 46
25 0.078 23 0.093 68 0.11017 0.127 50
26 0.076 90 0.092 51 0.109 16 0.126 65
27 0.075 70 0.091 45 0.108 26 0.12590
28 0.074 59 0.090 49 0.107 45 0.125 24
29 0.073 58 0.089 62 0.106 73 0.124 66
30 0.072 65 0.088 83 0.106 08 0.124 14

*E. L. Grant and W. G Ireson, “Prmuples of Engmeermg Economy,” Sth edition, Ronald
Press, New York, 1970,
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b. Annual Operation and Maintenance Cost — 3,000 m3/day (0.8 mgd)
Conventional Facility.

Rapid Mix—Power (Figure 42) $ 690

Rapid Mix—Supplies (Figure 42) 270
- Flocculation—Power (Figure 43) 340
Flocculation—Supplies (Figure 43) 500
Sedimentation—Power (Figure 44) 430
- Sedimentation—Supplies (Figure 44) 340
Filtration—Power (Figure 50) o 95
. Filtration—Process Supplies (Figure 50} o 380
Filtration—Enclosure Supplies (Figure 51) - , 305.
' Coagulant Feed—Power & Process Supplies (Figure 59) 220°
'Co_'agulant Feed—Enclosure Supplies (Figure 59) 70
Polymer Feed—Process Supplies (Figure 62) S 120
Polymer Feed—Power (Figure 63) 170
Polymer Feed—Enclosure Supplies (Figure 63) 70
Chlorine Feed—Power (Figure 65) _ 40
Chlorine Feed—Process Supplies (Figure 65) 75
" Chlorine Feed —Enclosure Supphes (Figure 65) - 70"
Lagoon (Figure 74) - 3,700
Chemicals (based on a flow of 70% of capac1ty) ’
(Table 34)
Alum @ §S11/bag 3,750 .
‘Chlorine @ $26/cylinder S 2,195
Polymer @ $3.25/1b. I 1,900
Labor - Plant Type 3 (Figure 35) 69,000

(For “Plant Type” description see page VI- 16)
Total o - - $84,730
‘Total Annual Cost =

Annual Capltal Cost (pg VI 25) + Annual O&M Cost =
$47,480 + 384, 730

Total Annual Cost = $132,210
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Annual Cost per 1000 m3 (average flow = 70% of capacity)

132,210 = $172 per 1000 m3
- (3) (365) (0.7)

Annual Cost per 1000 gal (average flow = 70% of capacity)

$132,210 = $0.65 per 1000 gal
(800) (365) (0.7)

2. Example No. 2

The following example is based on treatment of a surface water for
turbidity removal in a 1,100 m3/day (0.3 mgd) enclosed conventional p}lant
with the following unit processes:

Rapid Mix

Flocculation

Sedimentation

Filtration—gravity with 240 m3/m?2/day (4 gpm/ft) rate
Coagulant Feed—alum—20 mg/1

Polymer Feed—dry—0.5 mg/l

Chiorine Feed—gas—5 mg/l

Lagoons

Laboratory

a. Capital Cost — 1,100 m3/day (0.3 mgd) Conventional Facility.

Rapid Mix (Figure 9) . % 19,000

Flocculation (Figure 10) 52,000
Sedimentation (Figure 11) . . 225,000
Filtration—Process (Figure 15) 92,000
Filtration—Enclosure (Figure 15) _ 14,000
Coagulant Feed—Process (Figure 22) - . 15,000
Coagulant Feed—Enclosure (Figure 22) 3,700
Polymer Feed—Process (Figure 24) 7.400

Polymer Feed—Enclosure (Figure 24) 3,700
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Chlorine Feed—Process (Figure 26) 7,000

Chlorine Feed—Enclosure (Figure 26) 3,700
Lagoons (Figure 31) 5,000
Laboratory (Section 1V, B, 2)_ 7,000
Total $454,500

Annual Capital Cost =

Capital Recovery Factor (30 yrs @ 8%) x Total Capital Cost =
0.08883 x $454,500

Annual Capital Cost = $40,370

Refer to Example No. 1 for discussion of the method used for calcﬁlating_
annual capital cost. )

Refer to Table 36 for additional capital recovery factors.

b. Annual Operation and Maintenance Cost — 1,100 m3[day (0.3 mgd)
Conventional Facility.

Rapid Mix—Power (Figure 42) S 420
Rapid Mix—Supplies (Figure 42) 240
Flocculation—-Power (Figure 43) 300
Flocculation—Supplies (Figure 43) h - 450
Sedimentation—Power (Figure 44) 370
Sedimentation—Supplies (Figure 44) 300
Filtration—Power (Figure 50) 80
Filtration—Process Supplies (Figure 50) ' 300
Filtration—~Enclosure Supplies (Figure 51) . 170
Coagulant Feed—Power & Process Supplies (Figure 59) ' 220
Coagulant Feed—FEnclosure Supplies (Figure 59) 70
Polymer Feed —Process Suppﬁes (Figure 62) : 120
Polymer Feed—-Power (Figure 63) ' T 170
Polymer Feed—Enclosure Supplies (Figure 63) 70
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Chlorine Feed—Power (Figure 65)
Chlorine Feed—Process Supplies (Figure 65)
Chlorine Feed—Enclosure Su;ﬁph’es (Figure 65)
Lagoon (Figure 74)
Chemicals based on a flow of 70% of capacity)
(Table 34)

Alum @ $11/bag

Chlorine @ $30/cylinder

Polymer @ $2.25/1b

Labor—Plant Type 3 (Figure 35)
(For “Plant Type” description see page VI-16)

Total

Total Annual Cost =

40
75
70

1,800

1,410
960
720

62,000

$70,355

Annual Capital Cost (pg VI-29) + Annual O&M Cost =

$40,370 + $70,355

Total Annual Cost = $110,725

Annual Cost per 1000 m3 (average flow = 70% of capacity)

$110,725 = $394 per 1000 m°
(1.1) (365) (0.7)

Annual Cost per 1000 gal (average flow = 70% of. capacity)

$110,725 = $1.44 per 1000 gal
(300) (365) (0.7) ‘
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‘3. Example No. 3

The following example is based on treatment of a surface water for
turbidity removal in a 1,100 m3/day'(0.3 mgd) enclosed package plant with the
following unit processes: '

Rapid Mix
Flocculation
Sedimentation
Filtration—gravity

" Coagulant Feed—alum—20 mg/l
Polymer Feed—dry—0.5 mg/1
Chlorine Feed—gas—5 mg/l
Lagoons ' .
Laboratory

a. Capital Cost — 1,100 m3/day (0.3 mgd) Package Plant.

Package Plant—Process (Figure 32) . $160,000
Package Plant—Enclesure (Figure 32) 37,000
Lagoons (Figure 31) ‘ 5,000
Laboratory (Section IV, B, 2) . 7,000
Total . N © $209,000

Annual Capital Cost =

Capital Recovery Factor (30 yrs @ 8%) x Total Capital Cost =
0.08883 x $209,000

Annual Capital Cost = $18,560
Refer to Example No. 1 for a discussion of ‘the method used for

calculating annual capital cost. Refer to Table 36 for additional capital recovery
factors. '
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b. Annual Operation and Mamtenance Cost — 1,100 m3/day (0.3 mgd)
Package Plant.

Package Plant—Process (Figure 75) : - . § 680

Package Plant Power (Figure 75) . - . 1,600
- Package Plant—Enclosure (Figure 75 ) _ . 600
Lagoon (Figure 74) , o 1,800
Chemicals (based on a flow of 70% of capac1ty) .
(Table 34) o
Alum @ $11/bag o S 1,410
Chlorine @ $30/cylinder | 960
Polymer @ $2.25/Ib." _ - 720
Labor—Plant Type 2 (Figure 34) o ' 5,200

(For “Plant Type” description see page VI-16)

Total . . o  $12,970 -

Total Annual Cost =

Annual Capital Cost (pg VI- 31) + Annual O&M Cost =
$18,560 + $12,970

Total Annual Cost = $31,530 -

Annual Cost per 1000 m3 (average flow = 70% of capacity)

$31,530 = $112 per 1000 m3
(1.1) (365) (0.7)

Annual Cost per 1000 gal (average flow = 70% of capacity)

$31,530 = $0.41 per 1000 gal
(300) (365) (0.7)
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Table 37
EXAMPLE COSTS SUMMARY

Annual Cost
S per 1,000 m3 ~§ per 1,000 gal

Example No. 1
3,000 m3/day (0.8 mgd) |
Conventional Facility 172 g ) 0.65

Example No. 2 _
1,100 m3/day (0.3 mgd) |
Conventional Facility 394 ' . 1.44

Example No. 3
1,100 m3/day (0.3 mgd)
Package Plant . o 2 : 0.41
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Title #0—Protection of Environment

CHAPTER |-—ENYIRONMENTAL
PROTECTION AGENCY -

SUBCHAPTER D—WATER PROGRAMS
'[FRL 464-7]

'PART 141—NATIONAL INTERIM PRIMARY
DRINKING WATER REGULATIONS

. On March 14, 1975, the Environmental
Protection Agency (EPA) proposed Na=
tional Interim Primary Drinking Water
Regulations pursuant to sections 1412,
-1414, 1415, and 1450 of the Public Health
Bervice Act (“the Act™), ss rmended by
the Safe Drinking Water Act (“SDWA,"”
Pub. L. §3-523), 40'FR 11990. EPA held
public hearings on the proposed regula-
tions In Boston, Chicago, San Francisco,
and Washington durlng the month of
April. Several thousand pages of com-
ments on the proposed regulations were
recelved.and evaluated. In addition, the
Agency has receilved comiments and in-
formation on the proposed regulations
from the National Drinking Water Ad-
visory Council, the Secretary of Health,
Education, and Welfare, and from num-
erous others during meetings with repre-
sentatives of State agencies, public in-
terest groups and others. .

The regulations deal only with the
basic legal requirements. Descriptive
material will.be provided in & guidance
- manual for use by public water systems
and the States.

The purpose of this preamble to the
final regulations is to summarize the most

slgnificant changes made In the proposed
regulations as a result of comments re-
celved and the further consideration of
avallable information., A more detailed
discussion of the comments and of

changes In the proposed regula.tions is.

attached as Appendix A.
WATER SYSTEMS Covzasn

The Safe Drinking Water Act applies
to each ‘‘public water system,” which Is
deflned in Section 1401(4) of the Act as
“a system for the provision to the public
of plped water for human consumption,
if such system has at least fifteen service
connections or regularly serves at least
twenty-five Individuals.” Privately owned
as well as publicly owned systems are
tovered. Service “to the public” s inter-
preted by £PA to Include factories and
private housing developments. (See gen-
erally, House Report, pp. 16-17.)

The deflnitlan of “public water sys-
tem” proposed In the Interlm Primary
Drinking. Water Regulations sought to
explain the meaning of the statutory
ré¢ference to “regular” seryice. It was
proposed to interpret this term as includ-

. Ing service for as much as three months
during the year. Because the proposed
definition’ would have excluded many
large campgrounds, lodges, and other
publiec accommodations which serve
large numbers of tourists but which are
open for slightly less than three months
each year, the definition in the final ver-
sion covers systems serving an average of
at least twenty-five individuals at least
60 days out-of the vear. The use of &

minimum number of days rather than
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months zlso makes clear that a system
may qualify as a public water system
even if it 1s not open every day during a
glven month.

‘Once “public water system’ has been
defined, it s necessary to define the two
meajor tyves of public water systems—
those serving residents and those serv-
ing transients or intermittent users. The
possible health effects of a contaminant
in drinking water in many cases are quite
different for a person drinking the water

-for a long perlod of time than for a per-

son drinking the water only briefly or in-
termittently. Different regulatory con-
sideratlons may.in some cases apply to
systems which serve residents as opposed
to systems which serve transients or In-
termittent users. Accordingly, § 141.2(e)
mekes clear that all “public water sys-
tems"” fall within either the category of
“community water systems” or the cate-
gory of “non-community water systems."
To make clear which regulatory require-
ments apply to which type of system, the
category covered is specifically Indicated
throughout the regulations.

The proposed regulations deflned =a
“‘community water system™ as “a public

water system which serves a population

of which 70 percent or greater are resi-
dents.” Rellance in the proposed defini-

tlon on the percentage of water system

users who are residents would result In
treating some falrly large resort com-
raunities with many year-round residents
as nen-community systems. Therefore,
the definition of “community water sys-
tem” has been changed to cover any sys=
tem which serves at least 15 service con-
nections used by vear-round residents or
serves at least 25 year-round residents.

SMALL COMMUNITY WATER SYSTEMS

.Many community water systems in the
country are quite small. Since it is the
intention of the Act to provide basically
the same level of health proteztion to
residents of small communities as to
restdents of large cities, and since a num-
her of advarced water treatment tech-
niques are made feasible only by eco-
nomies of scale, the cost of compliance
with the requirements of the Act may
pose a serious problem for many small
communities. The - regulations seek to
recognize the financial problems of small

‘communities by requiring more realistic

monitoring for systems serving fewer
than 1,000 persons. Variances and ex-
emptions authorized by the Act can also
assist In dealing with economic problems
of small community systems In appropri-
ate cases, at least temporarily. EPA will
provide technical ‘assistance on effective
treatment techniques which can be used
by small systems.

These methods. of dealing with the fi-
nancial problems of some small com-
munity systems may not be sufficient In
specific instances to make .compliance
with all applicable regulatory require-
ments feasible. EPA is commencing a
study of potential problems faced by
small community systems in meeting ap-
plicable requirements under the Act and
these regulations, and, if necessary, will

make additional adjustments in the In-
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‘persons, Bome schools,

terim Primary Drinking Water Regula-
tlons prior to their effective date,

NoN-COMMUNITY SYSTEMS

“Non-community systems” are basic-
ally those systems which serve transients,
They Include hotels, motels, restaurants,
sampgrounds, service stations, and other
public aecommodations which have their
own water system and which have at
least 15 service connections or serve
water to a dally average of at least 25
factorles and
churches are also Included in this cate-
gory. It is conservatively estimated that
there are over 200,000 non-community
water systems in the country. However, it
should be recognized that while their
number is large, they normally are not
the principal source of water for the
people they serve.

The regulations as proposed would
have applied all maximum contaminant
levels to non-community systems as well
as to community systems. This approach
failed to take Into account the fact that
the proposed maximum  contaminant
levels for organic chemicals and most in-
organic chemicals were based on ths
potentlal health effects of long-term ex-
posure. Those levels are not necessary
to protect transients or intermittent
users. Therefore, the flnal regulations.
provide . that maximum contaminant -
levels for organic chemicals, and for'in- -
organic chemicals other than nitrates,"
are .not applicable’ to non-community
systems, An éxception was made for ni-
trates because they can have an adverse
health effect on susceptlble {nfants In a
short period of time. ~ -

Even without monitoring for organic
chemicals or most inorganic chemicals,
in the initial stages of implementation
of the drinking water regulations, mon-
itoring results from tens of thousands of
non-community systems could over-
whelm-laboratory capabilities and other
resources. This could delay effective im-
ptementation of the regulations with re-
spect to the community systems which
provide the water which Americans
drink every day. To avoid this result,
non-community systems will be glven
two years after the effective date of the
regulations to commence monitoring. In
the meantime, non-community systems
which already monitor thelr water are
encouraged to continue to do so, and the
States are encouraged. to take appropri-
ate measures to test or require monltor-
ing for non-community systems that
serve large numbhers of people. )

Of course, non-community .systems
which pose a threat to health should be
dealt with as quickly as possible. The
maximum contaminant levels applicable
to non-community water systems there-
fore will take effect 18 months after pro-
mulgation, at the same time as levels ap-
plicable to community systems. Inspec-
tion and enforcement authority will ap-
ply to non-community. systems at the
same time as to community systems,

BANITARY SURVEYS

EPA encourages the States to conduét
sanitary surveys on a systematic basis,
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These on-site inspections of water sys-
tems are more effective in assuring safe
water to the public than mdividual tests
taken in the absence of sanitary surveys.
The regulations provide that monitor-
Ing frequencies for coliform bacteria can
be changed by the entity with primary
enforcement responsibility for an .indi-
vidual non-comymunity system, and In
certain circumstances for an individual
community system, based on the results
of a sanitary survey, - '

. MaxrMuM CONTAMINANT LEVELS

Numerous comments were recelved by
EPA on the substances selected for the
establishment of maximum contaminant
levéls and on the levels chosen. Congress
anticipated that the initial Interim Pri-
mary Drinking Water Regulations would
be based on the Public Health Service
Standards of 1962, and this Congres-
slonal infent has been followed. Com-
ments received on the various levels did
not contain nhew data sufficlent to re-
quire the establishment of levels differ-
ent from those contained in the Public
Health Service Standards, -

WATER CONSUMPTION

The maximum contaminant levels are
based, directly or indirectly, on an as-
sumed consumptioh of two liters of water
per day. The same assumption was used
in the 1962 Btandards. This assumption

" has been challenged because of instances

where much higher water consumption
rates occur. EPA's justification for using
the two-liter flgure 1s that it already

. represents an above average water or

water-based fluld Intake. Mcreover, while

~ the factor of safety may be somewhat re~

duced- when greater quantities of water
are ingested, the maximum contaminant
levels based on the two-liter flgure pro-

- vide substantlal protection to virtunlly
= all consumers. If, as has been suggested,
-~ 8 water consumption rate of eight liters
+* per day is used as the basis for maxi-

“'mum contaminant level, all of the pro-

posed MCL’s would have to be divided by
four, greatly increasing the monitoring
difficultles, and in some cases challeng-
ing the sensitivity of accepted analytical
procedures. It could be expected, in such
a case, that the maximum contaminant
levels would be exceeded to a significant
degree, and that speclalized treatment
techniques would be required to order
that the contaminant levels would be re-
duced. The economic Impact of a move
in this direction would be enormous. It
is not technically or econornically feasi-
ble to base maximum contaminant levels
on unusually high consumptlon rates.

. 'SAFETY FACTORS

A question was ralsed about the fact
that different safety factors are con-
talned In various maximum contaminant
levels. The levels are not Intended to
have a uniform safety factor, at least
partly because the knowledge of and the
nature of the health risks of the varlous
contaminants vary widely. The levels set
are the result of experlence, evaluation

of the avallable data, and professional
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judgment., They have withstaod the test
of time and of professional review. They
are being subjected to further review by
the National Academy of Belences in con-
nectlon with: development of data for the
?e}rised Primary Drinking Water Regu-
ations.

MCL's BASED ON "I‘m_@smmns

A question was also. ralsed a8 to
whether ranges of maximum contami-

‘nant levels should be established on the

basis of the climate In the area served
by the public water system, as was done
with fluoride. EPA believes that the use
of a temperature s¢ale for fluoride is
more appropriate than for other chemi-
cals because of the studies available on
the fluoride-temperature relationship
and because there is a smal! margin with
fluoride between beneflcial "levels and

levels that cause adverse_hea.lt.h effects.

MCL’s DELETED

Three proposed maximum contami-
nant levels have been eliminated in the
final regulations because they are not
justified by the available data. One of
these is carbon chloroform extract
(CCE), which 1s discussed separately
helow. The others are-the proposed levels
for the standard bacterial plate count
and cyanide. In the case of the plate
count, 1t {s belleved that the coliform
1imits contained in the regulations, com-
bined with the turbidity maximum con-
taminant level, adegquately deal with
bacterial contamination. However, EPA
continues to belleve that the standard
plate count Is a valid Indicator of
bacteriological quality of drinking water,
and recommends that it be used In ap-
propriate cases in conjunctlon with the
coliform tests as an operational tool.

The proposed maximum contaminant
level for ¢vanide was eliminated because
the possibllity of cyanide contamination
can be effectively addressed only by the
use of emergency action, such as under
Bection 1431 of the Act. EPA's 1969 Com-~
munity Water Bupply. Study did not
reveal a single instance in which cyanide
wag present in s water system at a level
greater than one-thousandth of the level
at which cyanide Is toxi¢c to humans,

Available data indicate that cyanide
will be present In water systems at toxic
levels only In the event of an accident,
such as a spill from a barge colllsion.
Maximum contaminant levels are not
the appropriate vehicle for deallng with
such rare, accidental contamination.

Heptachor, heptachlor epoxide
and chlordane have also been removed
from the list of maximum cbntaminant
levels at least temporarily in view of the
pending cancellation and suspension
proceedings under the Federal Insecti-
clde, Fungiclde 'and Rodenticide Act in-
volving those pesticides. When the re-
sults of these proceedings are avallable,
EPA wil]l agalin consider whether max-
mum contaminant levels shauld be es-
tablished for those three pesticides,

Sop1UM AND SULFATES

A number of eomments were recelved
on the potentlal health effects of sodlum
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and sulfates. The National Urinking
Water Advisory Council has recom-
fmended that consideration be given to
the monitoring of these constituents, but
has not recommended the adoption of
maximum contaminant levels because
available data do not support the adop-
tion of any -specific levels. EPA has re-
quested the Natlonal Academy of Scl-
ences ta include sodlum and sulfates

among the contaminants to be studied

by NAS, and t¢ include information on
the health effects of sodium and sulfates
in the report to be made by NAS in
December 1978. =

Since a number of persons suffer from
diseases which are influenced by dietary
sodium Intake and since there are others
who wish to restrict thelr sodium in-
teke, It is desirable that the sodium con-
tent of drinking water be known. Those
affected can, bv kniowing the sodium con-
centration in their drinking water, make
adjustments to their diets or, in extreme
cases, seek alternatlve sources of water
to be used for drinking and food prepara-
tlon.- It is recommended that the States
institute programs for regular monitor-
ing of the sodium content of drinking
water served to the publie, and for in-
forming phvslclans and consumers of the
sodium concentration in drinking water.

A relativelv high concentration of sul-
fate In drinking water has little or no
known laxative effect on regular users of
the water, but transcients using such
water sometimes experience 'a laxative
effect. It Is recommended that the States
institute monitoring programs for sul-
fates, and that transients be notified if
the sulfate content of the water is high.
Such notificatlion should include an as-
sessment ‘of the possible physiological
effects of consumption of the water.

PCB's AND ASBESTOS

An Interagency comment expressed
concern for asbestos and. PCB’s in the
environment and noted the need for at
least a monitoring requirement, 1If not
for MCL's, for these contaminants. EPA
is alsp concerned, but for the moment
lacks sufficlent evidence regarding ana-
lytical methods, health effects, or occur-
rence In the environment to establish
MCL's. The Agency Is conducting re-
search and cooperating in research proi-
ects to develop criteria for establishing
needed limits as quickly as possible. A
monlitoring study on a number of organic
chemical contaminants, including PCB's,
for which MCL's are not being estab-
lished at this time, will be contained in
an organic chemical monitoring regula-
tion that is belng promulgated with these
regulations. Regarding asbestos, HEW
and EPA are sponsoring a number of
studles this year at an approximate cost
of $16 mlllion to establish health effects,
anayltical methods and occurrence.

PoINT OF MEASUREMENT

Other .comments on maximum con-
taminant levels focused on the proposed
requirement that such levels be tested
at the consumer’s tap. Concern was ex-
pressed over the inability of the public-
water system to control potential sources
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of contaminants which are under the
contrel of the consumer.

The promulgated deflnition of “maxi-
mum contarmninant levei,” § 141.2(d), re-
tains the requirement that the maxi-
mum contaminant level be measured at
the tap except in the case of turbidity,
which should be measured at the point
of entry to the distribution system. Howr-
ever, the definition has been expanded
to make clear that contaminants added
to the water by circumstances under the
control of the consumer are not the re-
sponsibility of the supplier of water,
unless the contaminants result from cor-
rosion of piping and plumbing resulting
from the quality of the water supplied.
It should be noted, however, that this
requirement should not be Interpreted
as to discourage local, mggressive cross
connection control measures.

CoLiForRM BACTERIA MCL's

The promulgated MCL's for coliform
bhacterla are basically the 19682 Public
Health Service Standards, with minor
refirntements and clarifications. However,
further changes may be desirable. For
example, the MCL’s for the membrane
filter analytical method do not resolve
the question of how many coliform bac-
teria are assumed to be present in a
single highly contaminated sample.
Some laboratories assume an upper limit
of 50, while cthers seek to contlnue to
count individual bacteria to a level of
100 or even higher in a single sample.
The upper limit assumed will affect the
monthly average which is calculated to
determine compliance with the MCL'S.

Another question releting to the coli-
form bacteria MCL's IS the matter of
possible spurious positive samples. As the
regulations are written, all routine sam-
ples taken to determine compliance with
the MCL's must he counted, regardless
of the results of analysis of any check
samples thet may be taken. The reason
for this is that bacterial contamination
is often Intermittent or transient, and as
a result negative check samples taken a
day or more after a positive sample can-
not demonstrate that the positive result
was In error. It may be possible, however,
to prescribe a means of dealing with spu-
rious positive results without compro-
mising the integrity of the MCL's.

A third question concerning the MCL's
for coliform bacteria is the relationship
of monthly averages of coliform bacteria
levels to monthly percentages of positive
samples. For example, the monthly av-
erage MCL for the membrane filter
method is violated if the monthly aver-
age exceeds one coliform bacterlum per
sample. However, for purposes of deter-
mining whether the monthly-percent-
age-of-positive-samples MCL Is violated,
a sample Is counted as positive only if 1t

_ contains more than four coliform bac-
terla. Thus, it is possible, particularly
when a relatively small number of sam-
ples 1s- taken, for a svstem to fail the
monthly average MCL even when no sin-
gle sample taken during the month Is
out of compliance with the limit.

These and other questions concerning
the coliform bacteria MCL's will be re-
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viewed further by EPA. I review indi-

ontes that changes in the MCL’s are
desirable, those changes will be made ag
soon s possible but within 6 months, in
time to take effect at the same time ns
the initial Interim Primary Drinking
Water Regulations.

. ORGANIC CHEMICALS

The -proposed maximum contaminant
levels for organic -pesticides, other than
the three which are the subject of can-
cellation and suspension proceedings,
have been retained. It 1s anticipated that
additional organic pesticides will he
added to the regulations if surveys of
pesticides In drinking water beilng con-
ducted by EPA Indicate that this 1s
needed.

The proposed regulations also con-
tained a maximum contaminant level for
organic chemicals obtained by the carbon
chloroform extract (CCE) method. It
was antlcipated by Congress that organlc
chemlicals would be dealt with primarlly
in the Revised Primary Drinking Water
Regulations because of the paucity of ac-

curate data on the health effects of vari-

ous organic chemicals, the large number
of such chemicals, uncertainitlies over ap-
propriate treatment techniques, and the
need for additional information on the
incidence of spzcific organic chemicals
in drinking water supplies, EPA thought
that.the CCE standard might provide an
appropriate means of dealing with or-
ganic chemicals as & class pending action
on the Revised Primary Regulations.
The CCE standard was originally de-
veloped as & test for undesirable tastes
and odors in drinking water. As concern
developed over the health effects of or-
ganic chemicals, the possihility of using
CCE-as a health standard rather than
an esthetic standard was considered.
As pointed out by numerous comments,
CCE has many failings as an indicator
of health effects of organdc chemicals.
To begin with, the test obtains informa-
tion on only a_fraction of the total
amount of organic chemicals in the water
sampled. Furthermore, there 1s serious
question as to the rellability of CCE in
{dentifylng those organic chemicals
which are most suspected of adverse
health effects. In addition, there are no
exlsting data on which a specific level
for CCF can be established on & rational

-basts. To establish.a maximum contami-

nant level under these circumstances
would almost certainly do more harm
than good. It could glve a false sense of
security to persons served by systems
which are within the esteblished level
and a false sense of alarm to persons
served by systems which exceed the level.
It also would divert resources from
efforts to find more effective ways of
deallng with: the organic chemicals
problem. )

EPA belleves that the Intelligent
approach to the organic chemicals ques-

tlon is to move ahead as rapldly as pos-
sible along two fronts. First, EPA i3
adopting simultaneously with these reg-
ulations a Subpart E of Part 141, con-
talning requirements for organic chemi-

cad monltoring pursuant to Sections 1445
and 1450 of the Act. -

The regulations require that desig-
nated public water systems collect sam-
ples of raw and treated water for submis-~
sion to EPA for organics analysis. EPA
will analyze the samples for a number of
broad organi¢ parameters, including car-
bon chloroform extract (CCE), volatile
snd non-volatile total organic carbon
(VTOC and NVTOC), total organic chlo-
rine (TOCDh, uitraviolet absorbancy, and
fluorescence. Ineddition, monitoring will
be required for probably 21 specific or-
ganic compounds, Selection of the spe-
cific compounds hes been based on the
occurrence or likelthood of ocourrence in
‘treated water, toxicity data and availa-
bility of practical analytical methods.
Laboratory analyses will be used to
evaluate the extent and nature of organio
chemical contamination of drinking
water, to evaluate the validity of .the
general organic parameters as surrogates
for measures of harmful organic chemi-
cals, and to determine whether there s
an adequate basis for establishing maxi-
mum contaminant levels for specific or-
ganics or groups of organics, .

Second, EPA is embark!ing on an inten-
sive research program to find answers
to the following four questions: .

1. What are the effects of commonly
oceurring organlc compounds on human
health? .

2. What analytical procedures should
be used to monitor finished drinking
water to assure that any Primary Drink-
ing Water Regulations dealing with or-
ganics are met? )

3. Because some of these organic com-
pounds are formed during water treat-
ment, what changes in treatment prac-
tices are required to minimize the for-
mation of these compounds in treated
water? .

4. What treatment technology mus

_be applied to reduce contaminant levels

to concentrations that may be speclfled
in the Primary -Drinking Water Regu-
lations? :

This research will involve health-
effects and epldemiological studies, in-
vestigations of analytical methodology,
and pllot plant and fleld studies of or-
ganic removal unit processes. Bome
phases of the research are to be com-
pleted by the end of this year, while
much of the remainder are to be com-
pleted within. the next calendar year,

As soon as sufficlent Information is
derived from the monitoring program
and related research, the Interim Pri-
mary Drinking Water Regulations will
be amended so that the organic chemi-
cals problem can be dealt with without
delay. The monitoring process will be
completed within 1 year.

During the interim period, while sat-
{sfactory MCL’s for organic contamina-
tion {n drinking water are belng devel-
oped, EPA will act In specific cases where
appropriate to” deal with organic con-
tamination. If the EPA monitoring pro-
gram reveals serlous specific cases of
contamination, EPA will work with State
and local authorities to identify the
source and nature of the problem and to
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take remedial action. HPA will also-sid
the States in identifyfog additlenal com-~
munity wader supplies that require
analysis.

PUBLIC Nones

The public notice requirements pro-
posed in § 141.32 did not distinguish be-
tween community and non~community
publlc water systems. They would hava
required that public notice of non-com-

pliance with applicable regulatiorm be
meade by newspaper, In waier-biils, and -

by other media for all publle water sys-
tems. These requlrements are inappro-
priate and Ineffective In the case of most
non-community water systems. Those
systems princlpally serve transients wha

do not recelve water bills from the sys- -

tem and who probably are not exposed
slgnificantly to the local media. A more
effectlve approach would be to require
notice that can Inform the transient
before he drinks the system’s water, and
thereby “both warn the transient and
provide an incentive to the supplier of
water to remedy the violatlon. Accord-
Ingly, Section 141.32 as adopted provides
that in the case of non-community sys-
tems, the entity with primary enforce-
ment responsibility shall requlre that
notice be given in a form and manner
that will insure that the public using
the public water system Is adequately
informed.

The proposed public notice require-
ments glso failed to distinguish between
different types of violatioms of the In-
terim Primary Drinking Water Regula-
tlons. Since the urgency ayd importance
of a notice varjes according to the nature
of. the violation involved, § 141.32 as
promulgated seeks to match the type of
notice required with the type of violation
involved. Written notice accompanying
a water bill or other direct notice by
malil is required for all violations of the
regulations, including violations of mon-
itoring requirements, and for the grant
of a variance or exemption. In addition,
notice by newspaper and notification to
radio and television stations is required
whenever 2 maximum contaminant level
i5 exceeded, or when the entity with
primary enforcement responsibility re-
quires such broader notice.

QUALITY CoNTROL AND TESTING
PROCEDURES

Section 1401(1) of the Act defines
“primary drinking water regulation” to

include “quality control and testing pro--

cedures.” The promulgated regulations
include testing requirements for each
maximum contaminant level, inciuding
check samples and special samples in
appropriate cases. The regulations also
speclfy the procedures to he followed In
analyzing samples for each of the maxi-
mum contaminant. levels, These proce-
dures will be updated from time to time
as advances are made In analytical meth-
ods. For example, references to “Stand-
ard Methods for the Examinaetion of
Water and Wasteweter” are to the cur-
rent, 13th, edition, but these references
will be changed to cite the 14th edition
when it is available in the near future.

A bxy clement of quulity enntrol_for
publie waler systems s aconrate. labore-
tory analysis, Section 14128 of tha regyu-
1ations providen that snsdyses conducted

for the purpose of determining-com-

plsnce with maxtpum cootaminant
Tewels must be conducted by a laberators

approsed by the entity with primary en~
foreemrent. responsiidiiey EPA will de-
velop. a3 soon s powsible, in cooperation
with the Stetes and aother interested
parties, criteria asxd procednres for lab-
oratory sertification. A State with pel-
mary enforcement respomsibility will
have a laboratory certifled by EPA pur~
suant to the prescribed criterla and pro-
cedures, and in turn will certify laboea-
tories: within the State.

Record-keeping requizements and re-
ports to the State also will assist in
quality controt eforte

RECORD-KEEPING

Adequate record-keeping 1s necessary
for" the proper operation and administra-
tion of‘a public water system. It is also
important for providing Informsation to
the public, providing appropriate data
for inspection and enforcement activities
and providing information on which fu-
ture regulations can be based. Accord-
ingly, a new § 141.33 has been added to
the regulations to require that each pub-
lic water system maintaln _reeords of
sample analyses and af actions to correct
violations of the Primary Drinking Water
Regulations.

EcoxoMiC AND COST ANALYSIS

A comprehensive economics study has
been made of the Interim Primary Drink-
ing Water Regulations. This study esti-
mates the costs of the regulations, evalu-
ates the potential economic impact, and
considers possible material and labor
shortages. The results of this analysis are
summarized here.

Total 1Investment costs to community
water systems to achieve compliance
with these regulations are estimated to
be between $1,050 and $1,765 million, It
is esttmated that non-cammunity sys-
tems will invest an additional $24 millton.
The range of the estimate 15 due to un-
certainty as to the design flow that will
be used in installing treatment facllities.
Systems not in compliance wil! have to
consider sizing their new components to
reflect average dally flow conditions, or

mazximum daily flow conditions in cases -

where system storage ls not adequate.

This investment will be spread over
several Yyears. Investor-owned systems
will bear about one-fourth of these costs,
and publicly-owned systems the remain-
der. It 18 not anticipated that systerns will
have diffieulty ﬁnn.ncing t.hese capital re-
quiréments.

In annual terms, natlona.l costs are ex-

pected to be within the following ranges:
In milliong
Capital costs_ oL #146-247
Operations and maintenance...... 283-203
Monitoring (routine only).....-.. 17- 85
Total e e -$420-546

- Although 'these aggregate figures are
large, most weter consumers will not be

’
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slgnificantly affected. For those users in

systems serving 10,000 persans or more,
the average annual treedmenti cost per
caplts may increase from less than $1.00
for systems requiring dishifestien and
Jead control, to hetween §15 to 335 for
control of turkidity and heavy metal re-
moval. For syatema serving less than 100
persons, the average annual per capiba
costs of disinfection, lead e¢omirol and
fluoridedarsenic removal are estimated to_

_be between $2.10 and $11.80. However, if

turbidity control ar heavy metal removal
wWetre required in.-o system of thils slza
then costs nre expected to rarge from
$52 to $237 per year per capita. EPA 1s
aware of the serlous potential economic
Impact on users in these small sxstems.
However, the [egisfative history specifies
that the regulations should be based on
costs that can be reasonably afforded by
large metropolitan or reglonal systems.
Further economic evaluation of these
systems I heing cenducted, and reaistic
options for these-small syatems are belng
reviewed. Options that will be under con-
slderation include less costly treatmen$
technologles; formation of raglonal sys-
tems; and use of salternative water
sources. Industrial and commercial users,
whether providing thelr own water or
using public systems, are not expected
to be signfllcantly affected by these
regulations,

Possible eonstraints to the implemen-
tatlon of the Interim primary reguls-
tions were examined. Although there
will be an increase in demand for chem~
icels, manpower, laboratories, and con-
struction of treatment facllities, it is not
anticipated that any of these faetors will
be a sericus obstacle to implementatfon

‘of these regulations over & reasonable

time frame.

For the reasons given above, Chapter

40 of the Code of Federal Regulations s
hereby amended by the addition of the
following new Part 141. These regula-
tions will take effect 18 months after
promulgation.
{It 1s hereby certified that the economio and
Infiatlonery impacts of these regulations
kave been carefully evaluated in accordance
with Executive Order 11831}

Dated: December 10, 1975.
RysseLL E. TRAIN,

Administrator.
Subpart A—Qenerst
141.1 Applicabliity.
1413. Definiticns,
1413 Coverage.
1414 Varfances and exemptions.
1415 BSiting requirements.
1418 Efective date.

Subpart B—Maximum Contaminant Lovels

141,11 Maximum contaminant levels for

i inorganic chemlcals,

141.13 Maximum contaminant levels for
organic chemicals.

141.13 Maximum contaminant levels for
turbidity.

141.14 Maximum micrebiological contami-
nant lavels. ,

Subpart C~—Meonitoring and Analytical
Requirements
Microbiological copntaminant sam-
pling and anelytical requiremants;

14131
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Bec.

141.22 Turbidity sampling and analytical
. requireme&nts. .

141.23 Inorganic chemical sampling and
. analytical requirements.

14124 Organiec chemical sampling and
analytical requirements.

14137 Alternative analytical techniques.

14128 Approved laboratories,

14120 Monitoring of consecutive publio

water ayastema.
Subpart D—Reponl % Public Notification, and
keaping

14131 Reportlng requirements.

141,32 Public notification of variances, ex-
emptlons, and non-compliance
with regulations.

141.33 Record malntenanca.

AUTHORITY: Secs, 1412, 1414, 1448, and 1450
of the Public Health Servica Act, 88 Stat. 1660
(42 U.8.0. 300g-1, 300g-3, 300j—4, and 300J-9).

Subpart A—Genoral
8§ 141.1 Applicability. ’

‘This part esteblishes primary drinking
water regulations pursuant to section
1412 of the Public Health Bervice Act, as
emended by ‘the Safe Drinking Water
Act (Pub. L. 83-523) ; and related regula-
tions applicable to public water systems.

§ 141.2 Definitions.

As used in this part, the term:

(a) "Act” means the Public Health
Bervice Act, as amended by the Bafe
Drinking Water Act, Pub. L. B3-523.

(b) “‘Contaminant’” means any physi-
cal chemical, biological, or radiological
substance or matter in water.

(¢) “Maximum contaminant level”
means the maximum permissible level of
& contaminant in water which is de-
livered to the free flowing outlet of the
ultimate user of a public water system,
except in the case of turbidity where the
maximum permissible level 1s measured
at the point of entry to the distrlbution
system. Contaminants added to the water
under circumstances controlied .by the
user, except those resulting from corro-~

slon of piping and plumbing caused by-

water quality, are excluded from this
definition.

(d) “Person” means an individual,
corporation, company, assoclation, part-
nership, State, municipality, or Federal
agency.

(e) "Public water system” means a

system for the provision t¢ the public
of piped water for human consumption,
if such system has at least ifteen service
connections or regularly serves an aver-
age of at least twenty-five individuals
delly at least 60 days out of the year.
Such term Includes (1) any collection,
treatment, storage, and distribution fa-
cilitles under control of the operator of
such system and used primarily in con-
nection with such system, and (2) any
collection or pretreatment storage facili-
tles not under such control which are
used primarily in connectlon with such
system. A public water system is either
a “community water system” or a “non-
community water system.”
. (1) “Community water system” means
& public water system which servea at
least 15 service connectlons used by year-
round residents or regularly serves at
least 256 year-round residents.
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(i) "Non-communtty water system”

means' 8 public water system that Is not.

& community water system.

() "Sanitary survey” means an on-
sita review of the water source, facili-
ties, equipment, operation and mainte-
nance of & public water system for the
purpose of evaluating the adequacy of
sich source, facilitles, equipment, oD-
eration and maintenance for .producing
and distributing safe drinking watar.

(g) "“Standard sample’” meana the
aliquot of finished drinking water that I8
examined for the praence of coliform
bacterla.

(h) “State" means the agency of the
State government which has jurisdie-
tlon over ‘public water systems. During
any period when a State does not have
primary enforcement responsibility
pursuant to Section 1413 of the Act, the
term ‘‘State” means the Reglonal Ad-
ministrator, U.8. Environmental Protec-
tion Agency.

(1) “Supplier of water” means any
person who owns or operates a public
water system.

§ 141.3 Coverage.

This part shall epply to each publ!c
water system, unless the public water
system meets all of the following condi-
tlons:

(a) Consists only of distribution and
storage facilities (and does not have any
collection and treatment facilities);

(b) Obtalins all of its water from, but
18 not owned or operated by, a public wa-
ter system 1o which such regulations
apply:

(e) Does net sell water to any person;
and -~

{d) Is not a carrler which conveys
passengers In interstate commerce.

§ 141.4 Variances and exemplions.

Variances or exemptlons from certain
provisions of these regulations may be
granted pursuant to Sections 1415 and
1416 of the Act by the entity with pri-
mary enforcement responsibllity. Provl-
slons under Part 142, National Interim
Primary Drinking Water Regulations
Implementation—subpart E (Varlances?
and subpart F (Exemptlons)—apply
where EPA has, prhnary enforcement
responsibility.

§ 141.5 Siting requirements.

Before a person may enter into a fi-
nancial commitment for or initiate con-
struction of a new public water system
or increase the capaclty of an existing

public water system, he shall notify the
State and, to .the extent practicable,
avold locating part or all of the new or
expanded facility at a site which:

(a) Is subject to a significant risk
from earthguakes, floods, fires ar other
disasters which could cause a breakdown
of the public water system or a portion
thereof; or

(b)Y Except for Intake atructures. s
within the floodplain of a 100-year flood
or is lower than any recorded high tide
where appropriate records exist.
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The U.S. Environmental Protection
Agency will not seek to override land use
decisions effecting public waler systems
slting which are made at the State or lo-
cal government levels.

§ 141.6 Effective date.

The regulations set forth in this part
shall take effect 18 months after the date

i of promulgation.

Subpart B—Maximum Contaminant Lavels

§141.11 "Maximum contaminant levels

Eor inorganic chemicals,

(a) The maximum contaminant level
for nitrate 1s applicable to both commu-
nity water systems and non-community
water systems, The levels for the other
{norganic chemicals apply only to com-
munity water systems. Compliance with
maximum contaminent levels for inor-
ganic chemicals is calculated pursuant to
§141.23.

(b) The following are the maximum
contaminant levels for inorganic chemi-
cals other than fluoride:

Level,
milligrams
Contamlnant per |iter
Argenle . mecamaeaa 0.06
Barlum o en e mmrameas 1.
Cadmium comeeeiceceemmccanaa 0.010
CRrOMUUM o e e limmmmem 0. 056
LefAl comcmmcemmammcemcccamm—a——. 0. 05
MErGUTY o emme oo cmcmmmmcaoa 0.003
Nitratd (88 N) oo 10,
SeleNIUM @ e e e 0.01
SUVBr oo o ccmcmmcc e —— e 0.05

(¢) When the annual average of the
maximum deily air temperatures for the
location in which the community water
system is situated is the following, the
maximum contaminant levels for fluoride
are:

Temperature . Level,
Degrees Degreos Celslus millirrams
i per llier
58’ 2.4
53 &2
B8. 2.0
63. L8
70, 1.6
78 14
8§ 141.12 Maximum contaminant levels

for organic chemicals.

The following are the maximum con-
taminant levels for organic chemicals.
They apply only to community water
systems. Compliance with maximum
contaminant levels for organic chemicals
is calculated pursuant to § 141.24.

Level,
milligrams
per liter
(a) Chlorinated hydrocarbons:
Endrin (1,2,9,4,10, 10-hexachlero-
8,7-epoxy-1,4, 4a,5,6,7,8,8a-0cta~
hydro-1,4-endo, endo-58 -.di-
methano naphthalense) .
Lindane  (1/2,34,5,8-kexachloro-
cyclohexane, gamma isomer).
Methoxychlor (1,1,1-Tricbloro- 0.1
2, 2 - bis [ p-methoxyphenyl]

0.0002

0.004

ethane).
Toxephene (C,H,,Cl,~-Technical 0.006
chlorinated camphens, @7-69

- percent chlorine}.
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(b) Chlorophengzys:

24-D, (2. 4-D1chlorophenoxya.ca- a1
tic acid).
2,453-TP Slvex (2,4,5 Trtchlom- oqQl

phenoxyproplonic acid).

§ 141.13 Maximum cootaminant levels
for tarbidity.

The maximum contaminant levels fc:
turbidity are applcable to both commu-
nity water systems and non-community
water . systems using surface water
sources in whole or in part. The maxi-
mum contaminant levels for turbldity
in drinking water, measured at a repre-
gentative sntry point(s} to the distribu-
tion system, are:

(a) One turbidity unit (T, as de-
termined by a monthly average pursuant
to §141.22, except that flve or fewer
turbidity units may be allowed if the
supplier of water can demonstrate to the
Btate that the higher turbidiiy does not
do any of the following:

(1) Interfere with disinfection;

(2) Prevent maintenance of an effec-
tive disinfectant agent throughout the
distribution system; or

(3) " Interfere with microblological
determinations,

(b) Five turb!dity units based on an
average for two consecutive days pursu-
ant to § 141,22,

§141.14 Maxinium mlcmblo]oglcn] con-
taminant levels.

The maximum contaminant levels for
coliform bacteria, applicable to com-
munity water systems and non-com-
munity water systems, are as follows:

(a) When the membrane fllter tech-
nique pursuant to § 141.21(a) Is used,
the number of coliform bacterla shall
not exceed any of the following:

(1) One per 100 mlililiters as the
arithmetic mean of all samples examined
per month pursuant to § 141.21 (b) or
(e);

(2) Four per 100 milliliters in more
than one sample when less than 20 are
examined per month; or

(3) Four per 100 milliliters in more
- than flve percent of the samples when
20 or more are examined per month.

(b) (1) When the fermentation tube
method and 10 milliliter standard por-
tions pursuant to § 141.21(a)} are used,
coliform bacteria shall not be present in
any of the following:

(1) more than 10 percent of the por-
tions in any month pursuent to 141 21
(b ar (o) ;

(1) three or more portions t more
than one sample when less than 20 sam-
ples are examined per month; or

(1) three or more portions in mare
than five percent of the samples when
20 or more samples are examined per
month.’

(2) When the fermentation tube
method and 100 milliliter standard por-
tions pursuant to § 141.21(a) are used,
coliform bacteria shall not be present in
any of the following:

() more than 80 percent of the por-
tions in any month pursuant to 8 141.21
(b) or (c);

(1) five portions in more than one
sample when less than five samples are
examined per month: or

‘ance with parasgrapbs (a},

RULES AND REGULATIONS

(i) five poriions n more than 2
percent of the spmples when five or mere
samples are examinad per month,

(¢) For community or non-commuudty

systems that are required to sample at. a
rate of less tham 4 per month, compli~
(b} (), or
(b) (2) of this section shall be based wpon.
sampling during a 3 month period; ex-
eept that, at the discretion of the Stata,
compliance may be based upon sampling
during a one-month period.

Subpest C—Momtorlng and Analytical
Requireamants
§ 141.213 Microbiologieul contaminant
sampling and amalytical require-
menis.

(a) Suppilers of wa.fe'r for community
water systems and non-community water
systems shall analyze for coliform bac-
teria for the- purpose of determining
compliance with '§ 141.14. Analyses ghall
be conducted in accordance with the an-
alytical recommendations set forth in
“8tandard Methods for the Examination
of Water and Wastewater,” American
Public Health Association, 13th Edition,
Pp. 662~688, except that a standard sam-
ple size shall be employed. The standard
sample used In the membrane filter pro-
cedure shall be 100 milliliters. The stand-
ard sample used in'the 5 tube most
probable number (MPN) procedure (fer-
mentation tube method) shall be 5 tlmes
the standard portion. The standard por-
tion is either 10 milliliters or 100 milli~
liters as descrited In § 141.14 (b) and (¢).
The samples shell be taken at points
which are representative of the condil-
tions within the distribution system.

(b) The supplier of water for a cam-
munity water system shall take coliform
denaity samples at regular time inter-
vals, and in number proportionate ta the
population served by the system. In na
event shall the frequency be less than es
set forth below:

- Minimum number of
Population served: samples per month

36 to 1,000 . aa 1

2,601 t0 9,300 _.____.______________ 2
3,301 to 4,300 oo __ o ___________ 4
4,101 t0 4,900 oo _._ — 5
4,901 10 6,800 oo oo e !
5,801 10 6,700 ce e o wmme e 7
6,701 t0 7,600 oo e a
7,801 0 B50O oo 9
8,501 to 6,400 oo 10
$,401 10 10,800 e e oo ce e 1
10,301 00 11,1000 mm o cm o mc e mme o 12
11,101 0 12,0004 - e eme e mmm e mmm e 13
12,001 £0 12,000, o e e e oo e o 14
12,001 £0 13,700 u e e 18
13,701 10 14,600 e eccmecemcmcaaem—n 16
18,601 £0° 16,500 .« o e mmememenn 17
18,501 £0 16,9000 oo omeeean 1

16,301 to 17,200 10
17,201 to 1B,100 - 20
18,101 to 18,000 a1
18,901 to 18 8OO 23
18,801 to 20,700 23
26,701 €0 31,600 .. __________. — 24
21,601 ta 22,300- - oo oo 25
AZI0T 10 29.F00 oo 28
23.201 t0 24,000 - oo aee m—— a7
24,001 t0 24,000 o oo oo oo acme 28
24,001 10 36,000  cmecacnccnmmmema—— a9
25,001 $0 28,000 cemeceirecmnmmanann 30

59571
26,001 £0 33,000 come o e~ a8

$3.001 10 37,000 cceeamcamncenana- 40
97,001 to 41 aoo_.-_ ............ 45
41,001 t0 40,0000 oo e e b0
46001 t0 8O000_ ... __._. -—— B
0,001 to B4000. ____ . oeee________ . 80
51,001 to 69,000 ___________._______ a3
59,001 to 64,000 ... 70
84,001 to T0,000n e oo . 786
. 70,001 .to 76,000 . o .. ———— .80
78,001 to 83.000. ... - ——— 85
B3.081 to B0,000._____ aieea 80
§0,008 to 96,000, __.._ a——.' BB
96,001 to 111,000, ... -= l00
131,001 60 180,000, o omom i, —em= 110
130,001 to 160,000 cce-.- ———— 130
160,001 to 100,000 cceaaas m—mame= 130
160,001 ta 220,000 cceea- ————— 140
920,001 o 250,000 ¢ cemicen .. 150
250,001 to 290,000 190
179

180

190

260

210

229

" 230

40

! 2560

to 780,000 260

780, 001 to 840,000 270
840,001 o 910,000 280
910,001 to 870,000 200
970,001 to 1,060,000 a00
1,050,001 t0 1,140,000 cucccammananes 819
1,140,001 t0 1,230,000, noeeeceanat--” 820
1,280,001 to 1,920,000 o ooomo oo 150
1,320,001 to 1,420,000 . c.cicaciceacau -0
1,420,001 to 1,620,000 . ooovornn 380
1,620,001 1,830, aa
1,830,001 to 1, a7o
1,730,001 to 1, 980
1,850,001 1, -390
1,970,001 2, 400
2,080,001 to 2,270,000 410
2,270,001 to0 2,510,000 420
2,510,001 to 8,760,000 430
2,760,001 to 3,020,000 ccccmae .. 440
3,020,001 10 3.820,000 < cceeemmeem . 450
8,320,001 to 3,620,000 .. evceccann 460
8,620,001 to 3,960,000, ccveee—eae- 470
2,880,001 to 4,310,000 . e ceemem 480
4,310,001 to 4.690,000. e emmcneaaa 490
4,800,001 or more____ ... 50O

Based on a history of no coliform bac~
terial contamination and o a aamitary
survey by the State showing the water
system to be supplled solely by & pro-
tected ground water source and free of
sanitary defects, a community water sys-
tem serving 25 to 1,000 persons, with
written permission from the State, may
reduce this sampling frequency except
that in no case shall it be reduced to less
than one per quarter.

(¢) . The supplier of water for a non-
community water system shall samplefor
coliform bacterin in each calendar quar-
ter durlng which the system provides
water to the public. Buch sampling shall
begin within two years after the effective
date of this part. If the State, on the
basis of & sanltary survey, determines
that some other frequency s more-appro-.
priate, that frequency shall be the fre-
quenecy required under these regulations.
Sueh irequency shall be. ¢conflrmed or
changed on the basls of subsequent
Burveys.

(d) (1). When the collform bacteria in a
single sample exceed four per 100 milli-
Hters (§ 141.14(n) ), at leagt two consecu-
tive daily check samples shall be caliected
and examined from the same sampling
point. Additional check samples shall be
collected dally, or at a frequency estab-
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lished by the State, until the results ob-
talned from at least two consecutive
check samples show less than one coli-
form bacterium per 100 milliliters.

(2) When coliform bacteria occur in
three or more 10 ml portions of a single
sample (§ 141.14(b) (1)), at least two
consecutive dally check samples shall be
collected and examined from the same
sampling point. Additional check samples
shall be collected dally, or'at a frequency
established by the State, untll the results

obtained from at least two consecutive

theck samples show no positive tubes.

(3) When coliform bacteria occur in all
five of the 100 ml portions of a single
sample (8 141.14(b)(2)), at least two
daily check samples shall be collected
and examined from the same sampling
point. Additional check samples shall be
collected daily, or at a frequency estab-
lished by the State, until the results ob-
tained from at least two consecutive
check samples show no positive tubes.

(4) The location at which the check
samples were taken pursuant to para-
graphs (d) (1), {2, or (3) of this section
shall not be eliminated from future sam-
pling without approval of the State. The
results from all coliform bacterial analy-
ses periormed pursuant to this subpart,
except those obtalned from check sam-
ples and special purpose samples, shall be
used to determine compliance with the
maximum contaminant level for coliform
bacteria as established in § 141.14. Check
samples shall not be included in calculat-
ing the total number of samples taken
each month to determine compllance
with § 141.21 (b) or (¢).

(e) When the presence of coliform

bacteria in water taken from & particular
sampling point has been confilrmed by
any check samples examined as directed
in paragraphs (d) (1),.(2), or (3) of this
section, the supplier of water shall re-
port to the State within 48 hours.
. (f) When a maximum contaminant
" level set forth in paragraphs (&), (b) or
(c) of §141.14 i3 exceeded, the suppler
of water shall repcrt to the State and
notify the public as prescribed in § 141.31
and § 141.32.

(g) Speclal purpose samples, such as
those taken to determine whether dis-
infection practices following pipe place-
ment, replacement, or repair have been
sufficient, shall not be used to determine
compliance with § 141 14'or§ 141.21 (b)
or (c).

(h) A supplier of water of a com-
munity water system or & non-com-
munity water system may, with the
approval of the State and based upon &
sanitary survey, substitute the use of
chlorine residual monitoring for not more
than 75 percent of the samples required
to be taken by paragraph (b) of this
section, Provided, That the supplier of
water takes chlorine residual samples at
points which are representative of the
conditions within the distribution sys-
tem at the frequency of at least four for
each substituted microbiological sample.
There shall be at least daily determina-
tions of chlorine residual. When the sup-
pler of water exercises.the option pro-
vided In this paragreph (h) of this
section, he shall maintain no less than
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0.2 mg/1l free chlorine throughout the
public water distribution system. When a
particular sampling point has been
shown to have a free chlcrine residual
less than 0.2 mg/], the water at that loca-
tion shall be retested as socon as prac-
ticable and In any event within one hour.
If the original analysis is confirmed, this
fact shall be reported to the State within
48 hours. Also, If the analysis js con-
firmed, a sample for coliform bacterial
analysls must be collected from that
sampling point a5 soon as practicable and
preferably within one hour, and the re-
sults of such analysis reported to the
State within 48 hours after the results
are known to the supplier of water.
Analyses for residual chlerine shall be
made in accordance with “Standard
Methods for the Examination of Water
and Wastewater,” 13th Ed., pp. 129-132.
Compllance with the maximumn con-
taminant levels for coliform bacteria
shall be determined on the monthly mean
or quarterly mean basls specified in
§ 141,14, including those samples taken
as a result of fallure toc maintain the re-
quired chlorine residual level. The State
may withdraw its approval of the use of
chlorine residual substitution at any
time.

§ 141.22 Turbidity sampling and an--

alytical requircments.
(a) Samples shall be taken by suppliers

of water for both community water sys-

tems and non-community water systems
at a representative entry point(s) to the
water distribution system at least once
per day, for the purpose of making tur-
bidity measurements to determine com-
pliance with § 141.13. The measurement
shall be mede by the Nephelometric
Method in accordance with the recom-
mendations set forth in *'Standard Meth-
ods for the Examination of Water and
Wastewater,” ‘American Public Health

Association, 13th Edition, pp. 350-353, or

*Methods for Chemical Analysls of
Water and Wastes,” pp. 295-298, En-
vironmental Protection Agency, Office of
Technology Transfer, Washingtoh, D.C.
20460, 1974,

(b) If the result of a turbidity analysis
indicates that the maximum allowable
limit bas been exceeded, the sampling
and measurement shall be confirmed by
resampling as soon as practicable and
preferably within one hour. If the repeat
sample confirms that the maximum al-
lowable limit has been exceeded, the sup-
plier of water shall report to the State
within 48 hours. The repeat sample shall
be the sample used for the purpose of
calculating the monthly average. If the
monthly average of the deily samples
exceeds the maximum allowable limit, or
if the average of two samples taken on
consecutive days exceeds 5 TU, the sup-
pier of water shall report to the State
and notify the public as dlrected in -
§ 141,31 and § 141.32,

(¢} Sampling for non-community
water systems shall begin within two
years after the effectlve date of this part.

(d) The requirements of this § 141.22
shall apply only to public water systems
which use water obtalned in whole or ‘In
part from surface sources.
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§l41.23 Inorgunic chemical sampling
and analytical requiremecnts,

(a) Analyses for the purpose of de-
termlning compliance with § 141. 11 are
required as follows:

{1> Analyses for all community water
systems utilizing surface water sources
shall be completed within one year fol-

_lowing the effective date of this part.

These analyses shall be repeated at
yearly intervals.

{2) Analyses for all community water
systems utilizing only ground water
gources shall be completed within two
years following the effective date of this
part. These analyses shall be repeated
at three-year intervals,

(3) For nch-community water systems,
whether supplied by surface or ground
water sources, analyses for nitrate shall
be completed within two years followlng
the effectlive date of this part. These
anelyses shall be repeated at Intervals
determined by the State,

(b) If the result of an anelysis made
pursuant to paragraph {a) indicates that
the level of any contaminant listed in
§ 141.11 exceeds the maximum contam-
inant level, the supplier of water shall
report to the State within 7 days and
Initlate three additional analyses at the
same sampling point within one month.

(c) When the average of four analyses
made pursuant to paragraph (b) of {Rls
section, rounded to the same number of
slgnificant flgures as the maximum con-
taminant level for the substance in ques-
tion, exceeds the maximum contaminant
level, the supplier of water shall notify
the State pursuant to § 141.31 and give
notice to the public pursuant to § 141,32.

"Monitoring after public notification shall

be at a frequency designated by the State
and shell continue until the maximum
contaminant level has not been exceeded
in two successive samples or until a mon-
itoring schedule as & conditlon to a
variance, exemption or enforcement ac-
tion shall become effective.

(d) The provislons of paragraphs (b)
and (c) of this section notwithstanding,
compliance with the maximum contam-
inant level for nitrate shall be determined -
on the basls of the mean of two analyses.
When a level exceeding the maximum
contaminant level for nitrate s found,
a second analysls shall be Initiated within
24 hours, and If the mean of the two
analyses exceeds the maximum contam-
Inant level, the supplier of water shall -
report his findings to the State pursuant
to § 141.31 and shall notify the public
pursuant to § 141.32.

(e} For the Initial analyses required
by paragraph (a) (1), (2) or (3) of this
section; data for surface waters acquired
within one year prior to the effective date
and data for ground waters acquired
within 3 years pricr to the effective date
of this part may be substituted B.t the
discretion of the State.

(f) Analyses conducted to determine
compliance with § 141.11 shall be made
in accordance A with the following
methods: :

(1) Arsenic—Atomic Absorption Meth-
od, "Methods for Chemical Analysis of
Water and Wastes,” pp. 95-96, Environ-
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mental Protectlon Agency, Office of
Technology Transfer, Washington, D.C.
20440, 1974.

2) Barlum—Atomic Absorption Met.h-
od, “Standard Methods for the Exami-
nation of Water and Wastewater,” 13th
Edition, pp. 210-215, or “Methods for
Chemical Analysls of Water and Wastes,"
pp. 87-88, Environmental Protaction
Agency, Office of Technology Transfer,
Washington, D.C. 20460, 1974.

(3) Cadmium—Atomic Absorption
Method, “Standerd Methods for the Ex-
amination of Water and "Wastewater,”
13th Edition, pp. 210-215, or “Methads
for Chemlcnl Analysis of Watér and
Wastes,” pp. 101-103, Environmental
Protection Agency, Office of Technology
Transfer, Washington, D.C. 20460, 1974.

(4) Chromium—Atomic  Absorption
Method, “Standard Methods for the Ex-
amination of Water and Wastewater,”
13th Edition, pp. 210-215, or “Methods
for Chemical Analysis of Water and
Wastes,” pp. 105-108, Environmental
Protection Agency, Office of Technology
Transfer, Washington, D.C. 20460, 1974,

(5) Lead—Atomic Absorption Method,
“Standard Methods for the Examina-
tion of Water and Wastewater,” 13th
Edition, pp. 210-215, or “Methods for
Chemical Analysis of Water and Wastes,”
pp. 112-113, Environmental Protection
Agency, Office of Technology Transfer,
Washington, D.C. 20460, 1874,

(6) Mercury—Flameless Atomic' Ab-
sorption Method, “Methods for Chemical
Analysls of Water and Wastes,” pp. 118~
1268, Environmental Protectlon Agency,
Office of Technology Transfer, Wash-
ington, D.C. 20460, 1974.

(7) Nitrate—Brucine Colorimetric
Method, “Standard Methods for the Ex-
amination of Water and Wastewater,”
13th Edition, pp. 461-484, or Cadmium
Reduction Method, “Methods for Chemi-
cal Analysis of Water and Wastes,”
pp. 201-206, Environmental Protection

Agency, Office of Technology Transfer, -

Washington, D.C. 20460, 1974. .

(8) Selenium—Atomic Absorption
Method, “Methods for Chemical Analysis
of Water and Wastes,' p. 145, Environ-
mental Protection Agency, Office of
Technology Tra.nsfer Washington, D.C.
20460, 1974,

@ Slher—Atomic Absorption Meth-
od, “Standard Methods for the Ex-
amination of Water and Wastewater”,
13th Edition, pp. 210-215, or “Methods
for Chemical Analysis of Water and
Wastes”, p. 146, Environmental Protec-
tlon Agency, Office of Technology Trans-
fer, Washington, D.C. 20460, 1974.

(10) Fluoride—Electrode Method,
“Standard Methods for the Examination
of Water and Wastewater”, 13th Edition,
pp. 172-174, or “Methods for Chemical
Analysls of Water and Wastes,” pp. 65—
67, Environmental Protection Agency,
Office of Technology Transfer, Wash-
ington, D.C. 20460, 1974, or Colorimetric
Method with Preliminary Distillation,
. "Standard Methods for the Examination
of Water and Wastewater,” 13th Edition,
pp. 171-172 and 174-1178, or “Methods for
Chemlcal Analysls of Water and
Wastes,” pp. 59-60, Environmenta] Pro-
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tection Agertcy, Office of Technology
Transfer, Washington, D.C. 20460, 1974,

§ 141.24 Organic chemical
and analytical requirements.

(a) An analysls of substances for the
purpose of determining compliance with
§ 141.12 shall be made as follows:

(1) For all community water systems
utilizing surface water sources, analyses
shall be completed within one year fol-
lowing the effective date of thls part.
Bamples analyzed shall be collected dur-
ing the period of the year designated by
the State as the period when contami-
nation by pesticides 15 most likely to
occur. These analyses shali be repeated
at intervals specifled by the State but
in no event less frequently than at three
year Intervals.

(2) For community water systems
utilizing only eround water sources,
analyses shall be completed by those sys5-
tems specified by the State.

tb) If the result of an analysis made
pursuant to paragraph (a) of this sec-
tion indicates that the level of any con-
taminant listed In & 141.12 exceeds the
maximum contaminant level, the sup-
plier of water ‘shall réport to the State
within 7 days and Initlate three addi-
tional analyses within one month.

(¢} When the average of four analyses
made pursuant to paragraph (b} of this
section, rounded to the same number of
significant flgures as the maximum con-
taminant level for the substance in ques-
tion, exceeds the meximum contaminant
level, the supplier of water shall report
to the State pursuant to § 141.31 and give
notice to the public pursuant to & 141.32.
Monitoring after public notification shall
be at a frequency designated by the State
and shall continue until the maximum
contaminant level has not been exceeded
in two successive samples or until a
monitoring schedule as a condition to a

variance, exemptlon or enforcement ac- -

tion shall become effective.

(d) For the initlal analysis required
by paragraph {(a) (1) and (2) of this
section, data for surface water acguired
within one year prior to the effective
date of this part and data for ground
water -acquired within three years prior
to the effective date of this part may be
substituted at the discretion of the State.

(e) Analyses made to determine com-
pliance with § 141.12(a) shall be made
in accordance with “Method for Organo-
chlorine Pesticides in Industrial Efiu-
ents," MDQARL, - Environmental Pro-
tection Agency, Cincinnatl, Ohio, Novem-
ber 28, 1973.

({) Analyses' made to determine com-
plinnce with § 141.12(b) shall be con-
ducted In accordance with “Methods for
Chlorinated Phenoxy Acid Herbicides in
Industrial Effluents,” MDQARL, En-
vironmental Protection Agency, Cincin-
nati, Ohio, November 28, 1973.

§141.27 Alternative
nigues.

With the writtéen permisslon of the
State, concurred in by the Administra-
tor of the U.S. Environmental Protec-
tion Agency, an alternative analytical

~analytical  tech

sampling -
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techniqus may be employed. An alterna-
tive technigue shall be acceptable only
If it is substantlally equivalent to.the
preseribed test in both precision and ac-
curacy as it relates to the determination
of compliance with any maximum con-
taminant level. The use of the alterna-
tive analytical technlque shall not de-
crease the frequency of monitoring re-
quired by this part.

§ 141.28 Approved laboratories.

For the purpose of determining com-
pliance with_§ 141.21 through .§ 141.27,
famples may be considered only If they
have been analyzed by a laboratory ap-
proved by the State except that meas-
urements for turbidity and free chlorine
residual may be performed by any per-
son acceptable to the State.

§ 141.29 Monitoring of consectdrive pub- .
lic walter systems.

When a public water system supplies
water.to one or more other public water
systems, the State may modify the moni-
toring. requirements impésed by this
part to the extent that the interconnec-
ion of the sysems jusifies treating them
as a single system for monitoring pur-
poses. Any modified monitorifig shall be
conducted pursuant to a schedule speci-
fled by the State and concurred in by the
Administrator of the U.B. Environmental

.Protection Agency.

Subpart D—Reporting, Public Notlfcatlun
and Record Keeping -

§141.31 Reporting requl.remenla.

(a) Except where a shortet reporting
period is specified in this part, the
supplier of water shall report to the SBtate
within 40 days following a test, measure-
ment or analysis required to be made by
this part, the results of that test, meas-
urement or analysis.

(b) The supplier of water shall report
to the State within 48 hours the failure
to comply with any primary drinking
water regulatlon (Including failure to
comply with monitoring requirements)
set forth in this part.

" t£) The supplier of water is not re-
quired to report analytical results to the
State in cmses where a State laboratory
performs the analysis and reports the
results to the State office which would
normally recelve such notification from
the supplier.

§111.32 Public notification.

(a) If a community water system fatis
to comply with an applicable maximum
contaminant level established in Subpart
B, falls to comply with an applicable
testing procedure established in Subpart
C of this part, i1s granted a varlance or
an exemption from an applicable maxi-
mum contaminant level, falls to comply
with the requirements of any schedule
prescribed pursuant to a variance or ex-
emption, or fails to perform any moni-
toring required pursuant to Section 1445
(a) of the Act, the supplier of water shall
notify persons served by the system of
the failure or grant by Inclusion of a no-
tice In the first set of water bills of the
system issued after the fallure or grant
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and {n any event by written notioe within
three months. Such notice shall be re-
peated at least once every three months
g0 long as the system's fallure continyes
or the variance or exemption remalna in
effect. If the system issues water bills less
frequently than quarterly,” or doas not
issue water bills, the notice ghall be made
by or supplemented by another form of
direct mail.

(b} If a community water system has
failed to comply with an applicable max-
{mum eontaminant level, the suppler of
water shall notify the public of such fail-
ure, in addition to the notification re-
quired by paragreph (a) of thils section,
a8 follows:

(1) By publication on not less than
three consecutive days in a newspaper or
newspapers of general circulation in the
area served by. the system. Such notice
shall be completed within fourteen days
after the supplier of water: leams of
the fallure,

(2) By furnishing a copy of the notice
to the radio and television stations serv-
ing the ares served by the system. Such
notice shall be furnished within seven
days after the suppler of water learns
of the fature.

(¢) If the area served by a community
water system is not served by a daily
newspaper of general circulation, notifi-
cation by newspaper required by para-
graph (b) of this section shall instead be
given hy publication on three consecutive
weeks in a weekly newspaper of general
circulation serving the area. If no weekly
or dally newspaper of peneral circula-
tion serves the area, notice shall be given
‘by posting the notice in post offices with-
In the area served by the system.

(d) If & non-community water sys-
tem fails to comply with an applicable
maximum contaminant level established
in Subpart B of this part, falls to comply
with an. applicable testing procedure
established in Subpart C of this part, iIs
granted a variance or an exemption from
an applicable maximum contaminant

“level, falls to comply with the require-
ment of any schedule prescribed pursu-
ant to a varlance or exemption or fails to
perform any monitoring required pursu-
ant to Section 1445(a) of the Act, the
suppller of water shall given notice of
sucli fallure or grant to the persons
served by the system. The form and man-
ner of such notice shall be prescribed by
the State, and shall Insure that the
public using the system 15 adequately {n-
formed of the failure or grant.

(e) Notices glven pursuant to this sec-
tion shall be written in a manner reason-
ably designed to Inform fully the users
of the system. The notice shall be con-
spieuous and shall not use unduly tech-
nical languege, unduly small print or
other methods which would frustrate the
purpose of the notice. The notice shall
disclose all material facts regarding the

subject tncluding the nature of the prob- |

lem and, when appropriate, a clear state-
ment that a primary drinking water
regulation has been violated and any pre-
ventive measures that should be taken by
the public. Where appropriate, or where
designated by the State, bilingual notice

shall be given. Notices may include a bal-"
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anced explanation of the significance or
geriousness to the public health of the
subject of the notice, a falr explanation
of steps taken by the system to correct
any problem and the results of any addi-
tional sampling.

(f) Notice to the public reqnired by
this section may be given by the State on
behalf of the supplier of water.

(g) In any Instance in which notifica-
tion by mall is'required by paragraph (a)
of this section but nottfication by news-
peper or to radio or television stations
is not required by paragraph (b) of this
sectlon, the State may order the supplier
of water to provide notification by news-
paper and to radio and televisian stations
when circumstances make more immedi-
nte or brorder notice appropriate to
protect the public health. .

§141.33 Record maintenance,

Any owner or operator of a public
water system subject to the provisions of
this part shall retain on its premises or
at a convenient location near its prem-
ises the following records:

(a) Records of bacterlological ahalyses
made pursuant to this part shall be kept

for not less than 5 years. Records of.

chemical analyses made pursuant to this
part shall be kept for not less than 10
years. Actual laboratory reports may ba
kept, or date may be transferred to tab-
ular summaries, provided that the fol-
lowlng information is included: )

(1) The date, place, and tlme of sam-
pling, and the name of the person who
collected the sample; ,

(2) Identification of the sample as to
whether It was a routine distribution
system sample, check sample, raw or
process water sample or other special
purpose sample;

(3) Date of analysis;

(4) Laboratory and person responsible
for performing analysis;

(5) The analytical technique/method
used; and

(6) The results of the analysis,

(b) Records of action taken by the
system to correct violations af primary
drinking weter regulations shall be kept
for a period not less than 3 years after
the last action taken with respect to the
particular vielation involved.

(¢) Coples™ of any .written reports,
summaries or communications relating
to sanitary surveys of the system con-
ducted by the system itself, by a private
consultant, or by any local, State or Fed-
eral agency, shall be kept for a period
not less than 10 years after completion
of the sanitary survey involved.

(d) Records concerning a varlanee or

exemption granted to the system shall-
be kept for a perlod ending not less than

5 years following the expiration of such
variance or exemption,

APPFENDIX A—RESPONSE TO PUBLIC COMMENTS

Proposed National Interim Primary Drink-
ing Water Regulations! were published for

1 The proposed regulatioma actually were
designated “Interim Primary Drinking Water
Standards,”” Because the Jafe Drinking Water
Act refers to ‘'Regulations” rather than
“Standards,” the final version of the regula-
tions does not use the term “Standards” in
the title.

comment on March 14, 1976, 40 FR 11000.
Written comments on the proposed reguls-~
tions were {nvited, ahd public hearings were
held in Boston, Chicage, San Francisco and
Washingtan, D.C. Almost five hundred writ-
ten submissions were recelved, totaling
saveral thousand pages, Seventy-seven wit=
nesses testified at the publlc hearings. In
all, an aggregate of over 3,600 discrate com-~
ments were contalned {n the written suhmils+

‘slons and in oral testimany.

+ A3 a result of these comments and further
consideration of avallable data by EPA, a
number of changes were made in the pro-
posed regulattons, The princlpal changes are
summarized In the preamble to the final

regulations. The purpose of Appendix A 15 to-

dlscuss the comments recelved on ¥arious

aspects of the proposed regulations, and to,

explaln EPA’s response to those comments.

1. DEFINTITIONS

1. “Public Water System.” More than A1ty
cemments wers directed to the definitipn of
“public water system' contalned in § 141.1,
Concern was expressed over the fact that the
definition does not track the statutory de-
fAnitlon word for word. Questlons were also
ralsed concerning the coverage of speclfic
types of facilitles with thelr own water
systems, such as parks, schools, traller camps
and factories,

The reason for expanding the statutory
defnition was to express more specifically
the Congressiona! intent. The statutory defi-
nition, contained in Sectioh 1401(4) of the
Public Health Service Act
covers all systems with at least fifteen servs
ice connections or ‘regularly” serving at
least 25 individuals, The term ‘‘regularly” is
not explained in the statute, but the legis-
lative history of the statute makes clear
that Congress intended to cover virtually all
publi¢c accommodations which have, thelr own
water supply and serve at least 25 individu-
als. The proposed regulations therefore ex-
plained “regularly” as meaning “dally at
least three months out of the year.” This
three-month’ period has been shortened %o
60 days In the Anal regulations because
campgrouhds and other public accommoda-

- tions serving water for as much as 60 deye

during the year appear to fall within the

(“the Act")s”

=

classes of facilities Congress intended to  °'

cover, If & public water system serves the
reguisite number of service connsections or
persons for & total of 60 days during & calen-

dar year, even if the service 18 intermtttent, -

it 1s & public water system.

It is clear from the breadth of the defini-
tien of “public water systemn” in the Act and
from the legislative history that the cover-
age Of the Primary Drinking Water Regula-
tions 18 not imited to traditional water util-
ities. Campgrounds, trailer camps, Iactories,
parks, sehools, restaurants, gasoline stations,
motals and other facilities which have their

own Water systems must comply with the *

regulations if they serve the requisite num-
ber of service connections or the requisite
number of persohs.

Proposed § 141.3, -entitled “Coverage,” ap-
parently coniributed to confusion over thne
reaning of “public water system.” That sec-
tion, which was taken from section 1411 of
the Act, ezempts from the Primary Drinking
Water Regulations, publlo Wwater systems
which meet four specified conditions. Over

e Statutory authority for the ndoption of

. Primary Drinking Water Regulations is de-

rived from the Bafe Drinklng Water Act,
Puhblic Law 93-623, which added a new Title
XIV to the Public Health Service Act. Refer-
ences to pertinent sections in the United
States Code accordingly are to the Public
Health Service Act rather than to the Safe
Drinking Water Act,
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60 comments were received on thla sectlon.
In response to comments asking for clarifi-
cation of the Bection, it has been revised to
make clear that a public water system must
meet each of the four listed conditions in
order to be exempted from the regulations,
Thus, & publio water system ls exempted only
if 1t conslsts only of distribution-and storage
facilitles and 1t obtains all of 1ts water from,
but 18 not owmned or operated by, a puhllc
water system to which the regulations ap-
ply, and it does not sell water and it is not
a carrler which conveys passengers in inter-
state commerce. Interstate carriers, there-
fore, are Dot Bxempted, even 1f they have
only storage and distribution facilitles, ob-
tain ell their water from a public water sys-
tem, and do not sell water to the public.
However, & public facility such as a hotel or
restaurant is exempted 1f it has only storage
ard distribution facllities, obtalns- all its
water from a public water systém and does
not sell water to the publie,

Of course, many facllities serving tran-
slents obtein water by direct connection to
a conventional water utility systemm and
elther do not constltute a separate system or
are excluded from coverage because they
meet all four of the conditions lsted in
§ 141.3. And In gome cases, such as gasoline
etations, even when the facllity has Its own
water system 1t often will not qualify a8 a
public water system because It does not serve
water to the requislte number of service con-
nectiony or persons.

2. “Community Water System.” Two com-
ments requested clariflcation of the defini-
tion of & “community water system,” § 141.2,
‘The purpose of defining this term 14 to ollow
appropriate regulatory distinctions between
public water systems which serve residents
on a year-round basis and publlc water sys-
tems which principally serve translents or
intermittent users. Different monitoring re-
quirements are appropriate for the two typea
of systems, and, as discussed below, some
mazxlmum contaminant levels are not appli-
cable to non-commaurnity systems.

The proposed regulations defined *'com-
munity water system' a3 “'a publlc waler sys-
tem which serves a population of which 70
percent or greater are residents.” This definl-

" tion distingulshed community systems on the

- basls of service te resldents, but it excluded
8 number of systems which serve a large
number of residents throughout the year. For
example, some large resort communltles may
have several hundred or even several thou-
sand year-round residents who nevertheless
make up less than 70 percent of the popula-
tion of the community at any glven time.
Water systems In such communities should
he treated as “communlty systems™ in order
to provide appropriate protectlon for the
year-round resldents In the communlity.
Thus, the definition of a “community water
system’ has been revised to cover any system
which serves at least 15 service connectlons
used by year-round resldents or serves at
least 25 year-round resldents,

A definition for “non-community system™
hes been added to make [t clear that a publlic
water systern 1s categorized as belng elther
a community or a non-community system.

3. “Mazimmum contaeminant level” and
“contaminant’” Over 150 comments were di-
rected to the definltlon of “maximum con-
taminant level” or the deflnition of “con-
taminant.”

The definition of “contamlnant” contained
In § 141.2 was criticized for its breath. The
term as defined Includes virtually any con-
stituent tn water, including constituents
considered to be harmless or even beneficlal.
The definition was taken directly from Sec-
tion 1401¢(8) of the Act. It is not intended
to suggest that all constituents 1n water are
unciesirable, but rather is intended to per-
mit the regulation of any constituent which
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may he found to b& harmiul. The deﬂn.ttl.on
has been retalned as proposed.

The definition of “maximum <ontaminant
level™ was criticlzed for requiring measure-
ment of the level at the “free-flowing outlet
of the ultimate user of a public water sys-
tem.” This definltion carries out the Intent
of Congress that “drinking water regulations
are intended to be met at the consumer’s
tap.” (H. Rep. No. 93-1185, §3rd Cong., 2nd
Hess. 13 (1974) ). The purpose of the Primary
Drinking Water Regulations 18 to assure that
water used by the public is safe. Thls can
be assured only if maeximum contaminant
levels are met at the tap.

The final regutations retaln the reguire-
ment that maxlmum contaminant levels be
met at the consumer's tap, but have been
amended to meet the polnt made in many
comments that e public water system can-
not be held responsible for contamination of
water which 13 the fault of the consumer. It
would be unreasonable to hold a publle

water system In violatlon of a maximum con- -

taminant level if the level Is exceeded at the
consuner's tap as a result of the user's at-
tachment of a faulty home treatment device,
hecause of cross-connections ln the wuser's

plumbling system or because the plumbing is °

used to ground electrical systema. Tiie definl-
tlon of “maximum contaminent level” In
§ 141.2(d) therefore provides that “Con-
taminants added to the water under circum-
stances under the control-of the user, except
thase resulting from corrosion of plping and
plumbing caused by water quality, are ex-
cluded from this deflnition.” This wording
13 not meant to deter or td detract from the
maintetance of a cross-connection control
program by the supplier.

The proposed definltion provides for
measurement of turbidity at the point of
entry to the distribution system, rather than
at the consumer’s tap, since measurement of
turbidity at this point Is a more meaningful
indicator of the senitary quality of the water,

4. “Sanitary survey.” A deflnitlon of the
term “sanitary survey” has been added s
§ 141.2(fy, because sanitary survevs ere re-
ferred to at several points 1n the final regula-
tions. Comments from maly sources, includ-
ing the National Drinking Water Advisory
Councll, urged EPA to emphasize the Im-
portance of sani{tary surveys of public water
systems as a means cof assurlng that Primary
Drinking Water Regulations will be met. The
definitlon cintalned lo the regulatlons re-
flects the broad extent of adequate sanitary
surveys, including on-site review of the water
source, fadilitles, egqulpment, aperation and
malintenance of & publlc water system.

5. Other definitions. Other comments ware
received on the definitions of “person’ and
“supplier of water”. These defintilons were
taken directly from section 1401 of the Act,
and have been retalned in the final regula-

“tions. As In the case of some comments on

the definitlon of “public water system,” &
number of these comments were based on an
erroneously restricted view of the coverage
of the Act. As noted above, Congress intended
that Primary Drinking Water Regulations
apply to a broad range of facilitles with thelr
own water systems, not Just to conventional
water utilitles. The owner or operator of a
restuurant or motel, for example, Is a “sup-
plier of water” if the facllity hes Its own
waler system and serves the requlsite num-
ber of seérvice connections or pérsons.

T1. IrvoRGANIC CHEMICALS

1. General Comments. Comments on maxi-
mum contamlnant levels (“MCL's"} for in-
arganlc chemicals (§ 141.11) Included quea-
tlons on the analytical aspecta of the
MCL's—whether these were total or dissolved
levels, whether the apalytical methodology
was adequate for the cited levels, whether an
allowance had been ‘made for analytical
varlations, and whether the public water sys~
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tem's laboratory or some other laboratory
would be performing the anelyses. The Ad-
ministrator has verified that all of the sub-
stances for which MCL's have been specified
cab be measured readily by avallable meth-
odology at the applicable levels. The ana-
Ivtical methods cited in these regulations
provide information on analytical variablilty,
end the check-sample and averaging tech- .
niques oited ‘in § 141.23 provide additional
sllowances for human or mechanical errors.
Two comments urged that MCL's for in-
organic chemicala be deferred until issuance
of the report of the Natlonal Academy of
Sclences pursuant to Sectlon 1413(s) of the
Act. However, it was the Intent of Congress
that the Interlm Primery Drinking Water
Regulations be promulgated as soon as poe~
slble, 50 that at least minimal protéction to.
water consumers would be available during
the perlod that the Academy s preparing
that report.

2. Water consumpiion. The MCL's for in- .
organic chemlcals and other contamlinanta
are besed,.on an Indlvidual consumption
rate of two litere of water per day., Fourteen
comments agreed with fhe two-liter figure
or contended that a lower figure should be
used. Four comments urged the adoptlon of
a8 higher consumption figure. An environ-

- mental organization submitted data indi-

cating that some segments of the popwlation,
such as foundry workers and heavy drinkers,
consume an avérage of susbtantlally more
than two liters per day.

EPA's assumption of a two llter per day
water intake rate was based on evidence that

. the average consumbption of edult males 1s .

at a rate of 1.26~15 liters per day and that
the average cohsumption rate of women
and children s even lower. Because Congress
intended that susceptible groups !n the pop-
ulation should be protected to the extent
feastble, the use of & two-liter Sgure provides
protection for the great majorlty of the popu-
lation which consumes Aol average amount of
water, or less than an average amount, or
even a5 much as one-third rore than the
average nmount. To base ell maxilmum con-
taminant levels on the water consumption
rate of the emall percentage of the population
which drinks much mote water each day
would be unrealistic and enormously expen-
sive.

This 1s not to say that the maximum con-
taminant levels do not protect persons who
drink water at a substantlally higher rate’
than normal. As Ind!cated below, critical
maximum contaminant levels have substan--
tial safety factors, The safety factors for
persona drinking unusually large quantities
0! water are not as high as those for the
majorlty of the population, but they do pro-
vide a reasonabla degree of protection under
the clrcumstances.,

3. Safety faclors. One set of comments
questioned the fact that different safety
factors are contalned in varlous proposed
maximum contaminant levels. The group
commenting agreed that a uniform safety
factor should not be used, but requested a
more eystematlc discussion of safety factors.
at least with respect to Inorganlc chemleals.

The regulations are, as anticipated by Con-
gress, based on the 1P682 Public Health Serv-
ice Standards, a8 réeviewed In 1873 by the EPA
Advisory Commlttee. The standards were nat
developed by a systematic approach to safety
factors, at least partly because of amount of
knowledge about, and the nature of the
health risk of, the varlous contaminants cov=
ered a very broad range. The regulations are
the result of experlence, evaluation of the
avallable data, and professional review.

In the Statement of Basls and Purpose for
these regulations, the safety factor repre-
sented by a number of the maXimum con-
taminant levels for inorganic chemicals was
estimated. The purpose of this was to deter-
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mine whether the estimated safety factor was
roughly consisient with the type of lnforma-
tion avellable and the nature of the health
risk presented. It was not intended to re-
write the regulations on the basis of estl-
mated gafety {actors.

The National Academy of Sclences has bson
asked to review each of the substances for
which muzimum contaminant levels are be=
ing 5et, a8 part of the NAS study for the
sdoptton of Revissd Primary Drinking Water
Regulations. Any new infarmation obtalned
by NAS on the safety faciors lnvolved will
be carefully analysed by EPA.

é. Arsenic. Thirtcen comments addressed
the proposed MCL for arsenic (§141.11(a}).
Most comments regarding arsenic recom-
mended an MCL of 0.1 mg/! on the basis that
-no sdverse health effects have been demon-
gtreted from the consumptlon of water con-
talning thls amount,

The Administrator has considered ralsing
the arsealc 1imit to 0.1 mg/] for the same rea-
pon clied in many comments—no adverse
heaith effecta bave been demonstrated from
oconsumption of water containing thia
amount of merd, at least not in this country.
However, arsenic hes been shown to be s po-
tential carcinegen in Bome of its formse 1o
industrial exposures, and thers appears to be
» correlation between arsenic levels in drink-
ing water and the occurreénce of skin cancer
in other countries. While the role of arsenla
ms8 & carclnogen or co-carcifiogen has not been
firmly established, it does not seem 1o be pru~
dent st thia tlme to ralse the arsenlc Hmlit.

6. Barfum. Two commehlts concerned the
MOL for barlum, and both expressed ¢concern
over required compliance when the MCL 18
exoaeded a3 the result of maturally occurring
barium in ground water.

Maximum contamlnant levels apply equal-
iy to naturally occurring substances and
those occurring es the result of men-made
pollution. When barium i3 found to exlst In
& ground water source, the course of actlon
13 to attempt [ts removal, such as by conven-
tional water treatment processes or ion ex-
change, or to obtaln a different water source.
1f such action s not fersible, the system can
seek a variance or exemption under the pro-
vislons of these and subsequent regulations.

8. Cadmium. Three comments suggested
that the cadmium limit should be revised ta
allow motre protection for clgirette smokers,
while 49 comments emphatically denounced
‘the concept of having non-smokers bear the
financlal burden of lowering the cadmium
Limit for the benefit of smokers. The Admin-
istrator lz aware of the fact that smokers will
be provided & smaller factor of safety on the
besla of the cadmium llmit, but he agrees
with the majority that a reduction of the
1imit cannot be justified.

7. Chromium. The seven comments on the
MOL for.chromium included suggestions that
the limit be ralsed, that it be eliminated, or
that it be apecified as only for hexavalent
chromium.

The 1imlit for chromium 1s based on the
known toxicity of the hexavalent forrn. Since
this form Is the one most ltkely to be found
tn drinking water, and since the speclfied
analytlcal detection method (atomic ahsorp-
tion gpectrophotometry} does not distinguish
batween the valence states, the MCL 13
for total chromium. If part of the chromium
present is In a lower valence state, the MCL
provides en additional! margin of safety.

8. Cyanide. There were only two comments
on the MCL for ¢yanide—one stating that the
MCL was too low and one stating that the
itmit was based on insufiicient data. Blnce
small amounta of cyanide do hot constitute
& bealth hazerd, and since chlortnation fur-
ther reducea the toxlcity of cyanlde, this sub-
stance ls rarely a problem in drinking water,
and there appeara to be no justiicatlon for
including cyanide in the list of imorganic
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ehemicals fot which MCL's are sstabliched in
these Regulations. Cyanide has not been
ldemtifled dmring moutime swmpling of drink-
ing wuter in concentrations greater than s
of the proposed M{CL, which fteelf is Woo of
tke level at which cyanido has adverse bhealth
elects on humans. It o023 not appear that
thers {8 justification for requiring tens of
thousands of comrmumities to monitor for
this substance. Further. cyanide sscurs, how-
ever rarely, in driniing water primarily as @
result of spills or other accidents, which csa
be more appropriately controlled by other
laws or regulations, suth as Bection 1431 of
the Act, The Administrator, therefore, has
decided t0 withdraw cyanide from the In-
terlmn Primary Drinking Water Regulations.
The Statss may require monltoring for ey~
anide in appropriate circumstances.

9. Lead, The one comment on the MCL for
lend stated that the lmit ls too low and
that it 18 below or near the detectlor Mmit,
The Adminigtrator has verlfied that thke
atomic absorption spectrophctometric meth-
od specified has the necessary sensitivity for
detection of the metal at the specified con-
centration.

10. Fluoride. The 94 comments on the Auo-
ride MCL's covered an eitremely broad area.
Among the comments were suggestions that
a alogle MCL of 0.05 mg/, of 1.6mg/l, of
1.8 mg/1, of 3.0 mg/1, of 2.4 mg/sl, of 2.5 g,
ar of 5.0 mg/1 be used in place of those in
the regulations. There also were suggestions
that different, ranpes be used, and that the
reason far tempereture-dependent MCL's be
given. Some comments requested that fiuo-
ride be deleted from the regulatloes, or at
least placed {n Secondary Drinking Water
Regulations. Quite a number of commenta
were directed toward controlled fluoridation
rather than MCL's for flucride, Some per-
sons registered thelr objections to controlled
fiuoridation, whila others requested that
limits for controlled fiuoridation be included
in the reguiations. There were commenta
that all fluoride should be removed from
drinking water, and comments that thera
should be no limit on finoride. There were
comments that water supplles serving tran-
slents be excluded from the fluortde limits,
and comments that educational lm;tltuuons
should not be excluded,

The fluoride question has been complicated
by the fluoridation controversy. It was clearly
the intent of Congress that Primary Drink-
ing Water Regulatlons not be used as the
vehicle for a national fluoridation propram
(House Report, p. 15). At the same time,
Congress made it clear that there was no
intent to prohibit or discourage fluoridation,
As for changing the MCL's, either ralsing or
lowering them, very llitle data were sub-
mitted to support the recommendations,

Suggestions that the MCL's be lowered
were for the mest part based on presumed
toxicity of fluoride or on presumed increased
exposure to fluoride from sources other than
water. The evldence available to the Admin-
istrator Indicates that the toxic effect of
fluoride In drinking water {s Itmited to mot-
tling of dentz] enamel and minor changes
in bone density, and that these effects oceur
primarily at fluorids concentrations above
the proposed MQCL's. It has been postulated
that, with the advent of controlled fluorida-
tion, the overall exposure pI individuals to
fluoride has increased to the polnt where the
pddition of more fiuoride to drinking water
is no longer necessary, or perhaps even to
the point where lower MCL"s In water cught
to be established. White It Is true that fooda
prepared In fluoridated water contribute
fiuoride to the diet in addition to that ob-
talned from drinking water, it should he
noted that the fluoride MCL's are based al-
most entirely on epldemliclogical evidence
obtained from areas where fluoride ls & nat-
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ural, eonptituent of the water, ‘It can be
sgsumed, that ln such areas most food waa
prepared in the local water, so the contrl-
bution of fuoride from this source was aute~
matically taken Into sccount;

This same epidemiological evidance showed
that there 18 a temperature-dependsnt
phywlological effact of fuoride, both bamefi«
ctal and detrimental de on eoncen-
tration. To ignore this evidence would esam
%0 be most unwiss, The use of & temperatursd
scale for fiworide 18 more appropriate tham
for other c¢hemicals because of the atudiés
avallable on the Huoride-temperature pélas
tlonship and becauss there is b small margin
with fuoride between bepeficial levels and
levels with adverse health effects.

. Suggestions that the MCL's be raized or
eliminated were based on the intarpretation
of dental Suorosis a3 an esthetic conditiom
rather then as & health problem or on the
economic espects ‘of flucride remosml. The
Admlinistrator has avallable to him s wealth
of informeation on the subject ©f fuorides,
plus the advice end counsel of the dental
experts at the Natlonal Institutes of Heslth,
DHEW. On the besis of this Information
and counsel, the Administrator believes that
the MCL's in these regunlations &ro ad

for the protection of the health of ¢comsumners,
and that there s Iinsufficlent evidence to
justify altering the proposed MCL’s. While
the Administrator belleves that the &xempe-
tion of educational Institutions from the
fluoride limita was justified, revision of the
regulations to exclude non-community pub-
lic water systems from most Lnorgenic chems
ical MCL's will make the enmptltm provi=
ston unnecessary.

11. Mercury. 81X comments cnntatnad R~
gestlons that the mercury lmit be teft me
proposed except that it bs applied only 1@
methyl mercury; geven comments saggestod
that a ltmit be get for argenic mercury omly;
and 28 comments expressed agresruent with
the proposed limit—a lmit based on the
health hazard of methyl mercury bt meas-
ured as total mercury. One comment ax-
pressed dissatisfaction with mercury limits
in general, on the basls that the mercury
problem has been grossly exaggerated

A specific 1lmit for organic mercury, or
designating the proposed limlt as applicable
only to prganic mercury, both present prob-
lems in gnalysis, aod do not provide for
potentlal conversion of inorganic mercury to
the organic form, Slhce the propvsed limit
for total mercury 1s based on the “worst
case"” concept, that 15, presumes tbat all mer-
cury present is In the more toxic, organis
form, It provides maximum health protec-
tion. Because of the low levels of mercury
tfound !n drinking water, the economlc lin-
pact of the proposed limit is expected to be
mlnimal. The Admlinistrator therefore i3 sat-
1afled that the proposed limit for mercury ts
generally ncceptable,

12. Nitrate. Most of the 21 comments on the
nitrate MCL were directed toward naturally
occurring nhirate and the dificulty io meet-
ing the limit. As explalned in the Statement
of Basls pnd Purpose, nitrate can be toxic
to infants. Because of the- known adverse
health effects ol nifrate, the Administrator
believes thet an MCL for nitrateé should be
get. While 1t is arknowledged that removal
of nitrate from drinking water is difficult, in
many cases the sources o nitrate can be
identlfied and steps taken to prevent its entry
into drinking water sources. An example Is
the nitrate contamination of ground water
a3 the result of surface run-off, Such con-
tamination can often be e]lmlnated by proper
well constructien.

13. Sodium. Several comments suggested
the possibllity of an MCL for sodium and the
Natlonal Drinking Water Advisory Council
recommended that consideration be given to
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monltoring for sodium so that tha public can
be Informed of the scdium content of avell-
able water. These concerns result {rom the
fact that many persons o the United States
suffer from diseases which, are 1nfluenced by
dietary sodlum intake In addltion, persons
may wish to limit their sodium intake for
other reasons. However, EPA has not pro-
posed an MCL for sodium, and the Advisory
Counecll did not rescommend, an MCL, because
the data available do not support any par=
ticular level for sodium in dripking water,
and because regulation of sodium by an MCL
i8 a relwtively inflexible, very expensive means
of deatling with a problem which varies great-
ly from person to person.

EPA has requested the Natlonal Academy
of Sciences to include sodlum In its study
of the health effecta of inorganlc chemlicals.
In the meantime, the Agency recornmends
that the States institute monitoring pro=
grams for sodium, and that physiclans and
consumers be informed of the sodlum con-
centration in publle water systems so thad
they can teke action they may consider ap-
propriate.

14. Sulfate. Comments aleo were submitted
urging the pdoption of an MCL for sulfats.
Ar {n the case of sodlum, the National Drink-
ing Water Advisory Councll recommended
monlitoring for sulfate levels, but did not
recommend the adoption of a maximum con-
taminant level.

The sulfata guestion s similar to the
Bodium question in that avallahle data do
not support the estebilshment of any given
level. A relatively high concentration of sul-
fate In drinking water has little or oo known
effect on regular users of the water, but

‘transientes using high sulfate water some-
times experience a larative effect. Whether
this effect will occur, and its severity, varies
- greatly with such facters as the level of aul-
fate in the water being consumed and the
level of pulfate to which the transtent ls ac-
customed. EPA recommends that States in-
stitute monitoring programs for sulfates, end
tnat translents be notified 1f the sulfate con-
tent of the water is high. SBuch notification
should tnclude &n assessment of the possible
physiological effects of consumption of the

- water,

The WNational Academy of Scisnces has
"been asked to conslder sulfate in its study.
. An MCL for sulfate will be proposed if it 18

" supported by the available data.

15, Inorganic chemical MCLts for non-
community systems. As broposed, the regu-
lations would have made all MCL's for In-
organic chermicals applicable to non-com-
munity water systems, This approach Ifajled
to take Into account the fact that the pro-
posed MCL’s for inorganic chemicals, except
nitrates and cyanide, were bassd on the po-
tential health effecta of full-time, long-term
exposure. MCL’s based on full-time long-

" term exposure are not necessary to protect
transients or lhtermltient users served hy
non-commurnity systems. Therefore, the final
regulations provide that MOL’s for tnorganic
chemicals other than nitrates are not ap-
plicable to non-commun!ty aystems. Nitrates
are applicable to all public water systems be-
cause they can have en adverse health effect
on susceptible infants in a short period of
time after exposure. { As discussed above, the
other proposed Inorganic chemical MCL
based on short-term eflects—cyanide—has
been deleted.)

18. Monitoring requirements, Section 141 .-
23, dealing with inorganic chemical monitor-
ing requirements, received more comments
then any other section of the proposed regu-
latlons, Altogether, there were over 300 dis-
creta comments on inorganic chemical moni-
toring, with the largest segment of the com-
ments belng directed toward §141.23 (b),
the provislon for increased monlitoring when
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76% of ¢hw meslmum conteminsnt level o
attalned. .
The coraments on § 141 23({a) dealt mosatly
with the time interval allowed for compiling
& historical record of water guality. MMost
comments contalned the gplnlon that more
time shnuid be allowed for the “phasing in”
of, particularly, the non-community water
systerns. On the other hand, there were com-
ments to the effect that too much time head
been amliowed. There were a number of re-
guesta that nom-community systems be ex-
smpted from the inorganic chemlcal moni-
toring requirements, on the basls that maxi-
mum coutaminant levels are based on, llfe-
time chronic health efects, and that users
of non-gommunity water systems are not ax=
poeed for a lifetime. There also wers ¢om-
ments requesting that no distinction be
made batween different types of water ays-
tems, such as surface and ground. As noted
above, becausa MCL’s for inorganlc chemi-
cala heve, In most casea, been based on
ohronic health effects for lifetime exposures,
they will not be applied to non-cammunity
gystems, Therefore, § 14123 has been re-
written to {ndicate that, except for nitrates,
ilporganie chemicals monitoring will be re-
qQuired only for communlty water systems.
Virtually every comment on § 141.23(b)
oxpressed c¢riticism of the concept of in-
creased monltoring when a contaminent
level reaches 75% of the maximum allowed.
Reasons given were that such monitoring tm-
poses e epfety factor on top of & safety
factor,” thet the State should determins
when increased monitoring frequency is de-
sirable, that anelysis for some constituents
wowld be !mposaible because of the limits of
detect'on, that analytical costs would be
prohibitive, that ground water contaminant
levels are not variable, and that the proposeq
‘monitoring frequency wss too demanding,
Some commentora suggested that less fre-
quent monitoring be allowed when & con=
taminant level was below 507 of the MCL.,
Bection 141.23(b) wes wrltten with the in-
tent that, when a contaminant level reached
5% of the MCL, monltoring frequency
would be increased so that the suppller of
water would have an adequate warning of
possible or impending violation of the MCL.
By thus being forewarned. the supplier of
water could take corrective measures before
violation occurred. In light of the commenta
received, it has been concluded that although
such sampling may be & matter of good op-
erating practice, 1t 1s not appropriate Ior
incluston in a primmary drinking water regu-
lation for the reasons stated in the com-
ments, Therefore. the Admlinistrator haa
derided to withdraw § 141.23(b), However,
the Adminiatrator belleves it would be pru-
dent for the operator of a community water
system to increase mondtoring frequency for
a contaminant which appears to be approach-
ing the MCL, and for the States to direct
such increased monitoring when appropriate.

Comments on § 141,28(¢) were largely di-
rected toward the requirement that eampling
and anslysls be repeated within 24 hours
after determination that ap MCL has been
exceeded. Tt was felt that this did not allow
enough time, and in fact thers was some
misunderstanding a3 to whether 1t was in-
tended that only the resampling be com-
pleted within 24 hours or that both resam-
pling and Teanalysis be  completad in this
time frame. Section 141.23(c} has been re-
written to indicate that when a sample result
does not comply with the MCL, the supplier
of water shall Initiate three additional sam-
ples within one month. Blnce compliance
wlill be judged on the average of these four
samples initlated over a one-month perlod,
the requirement that the first check sample
be elther completed or initlated within 24
hours 15 not Jjustified.
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Section 141.29(d) elicited & number of
comments in regard to the definition of &
“moving average,” and there were general’
objections to the public notification provie-
sten. Tha oplnlons expreased were that the

public should be notified only If the viola-

ton of ail MCL involved an imminent haeard
to health, or that emphasis should be pleged
on corredting a problem rather than inoroas-
ing the monitoring frequency and nolifying
the public. The rewording of section
141.23(c) to provide for e ons-month -avers
mge hae elimivated the neod for paragraph
(d). The one-month averege provides a locq
complicated, more eficlent means of deter-
mining compliance. . .

In regard to public- notificetion of nom.
compliance with an MCL, Section 14l4(c)
of the Act requires that notice of such on-
compllance be conveyed to the public. The
nature of the corrective mensures to be taken
are determined by the supplier of water and
the State. The comments on § 14133(e),
the special provisions for nitrate, werd -dl.
rected toward the 24-hour re-analysis re-
guirement end the cencept of the epécial
proviston 1tself. Most commenta contalned
the opinion that Do re-analysis cowld be’
performed ii the time allotted, and others
questioned the baals for singling out nitrate
for special consideration. Nitrate was singled
out for speclal consideration among the ine
organic chemicals beoauss of the acute tox-
loity of nitrate to infanta, The resampling
requirement has been rewritten for improved
clarity.

The comments on § 141.33(f) dealt entirely
with the suggestion that alternative analyti-
cal methods be allowed. As noted abova, sl
ternative analytlcal techigues ‘may bo per-
mitted by the State 1f the subatitute mathod
is substantlally squivalent to the techaiques’
prescgibed In thls regulatlon, In both pre-
clslon and accuracy, 6s it relates 10 the deters
minstion of compliance with any mazimum
conteminant level, ,

TII. CrGANIC OREMICALS

1. CCE, Séctlon 141.12, maximum contamie
nant levels for organic chemicals, received
over 80 commenta, Most of these comments
criticized the c¢arbon chloroform exmtract
(CCE) method for estimation of orgsnlo
chemical contamination, Criticizmra of the
CCE requirament were based on cost, Iack of
correlation with hesith eflects, inadequacy ed
a measure of total organlc chemical contemt,
inepplicabllity” to ground water, and lack
of supporting data. Some. comments aug-
gested an altéernative surrogate for organlo
chemical contamination, Iincluding total
organlc carbon and chemical oxygen demand.
Other comments concerning CCE were that b
bo considered for incluajon in the Secondary
Drinking Water Regulations, that there be
provision for ralsing the MOL when tha
organics content of water is shown to be
barmless, and that a treatment technigue
be substituted for the MCL. Oser twenty
comments requested that the CCE procedwre
be dropped altogether. Three commenta re-
guested that the limit be lowered.

The general problem of organic chemicanls
In drinking water 18 accorded top prlority by
EPA. Concern over organic cbhemicals was one
of the princlpel ressons f{or passage of the
Safe Drinking Water Act. Surveys conducteq
by EPA in recent months lndicate that man-
made organic chemlicals are present ln small
amounts In water supplies In many parts of
the country, The Agency 13 committed to
using the regulatory tools provided by the
Act to deal with the potential adverse health
effects of organic chemicals In drinking water.

The proposed use of & CCE maximum con-
taminant level was an attenpt to dsal with
grosa organic pollution a8 soon a8 poasible
pending the resulta of further research, sur-
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veys and the NAS study. CCE was initially
used as a means of taste and odor contivl.
A8 concern over adverse health effects of
organie chem!lcals grew, CCE was turned to
as a rough surrogate for organics to be used
w8 & health-based standard rather than as an
esthetic standard. Unfortunataly, as more 18
learned about organic chemical pollution of
drinking water, CCE looks less and less efec-
tive as a surrogate for harmful organles.

The principal difficulty with CCE (s that
it includes only about one-tenth of the total
organic content of ‘the volume of water
sampled and it does not meagure organic
compounds of greatest ¢collCeérn, such as the
volatlle halomethanes. Thus, a high CCE test
result does not necessarlly mean that the
water tested may pose a hazard to heaith,
and & low CCE test result may be obtalned
frcm water with a high level of potentinlly
harmful organic compounds. In short, thera
18 no sound basls of correlation between CCE
test results and the level of harmful organic
chemicals In the water tested.

To establish a maximum cohtaminant level
under these circumstances would almost cer-
tainly do more harm than good. It could glve
& false cense of security to persons served
by systems which are within the established
level and & false sense of alarm to persons
served by systems which exceed the level,
It also would divert resources and attention
from efforts to find more effective ways of
dealing with the organic chemical problem.

Total organic carbon (TOC) and chemical
oxygen demand (COD) are surrogates that
have been considered, but they have limita-
-tlons elso. TOC has the advantage of being
quicker and cheaper (on a per sample basls)
than CCE, but the avallability of sensitive
Instruments for this measurement Is ques-
tlonable. More investigation of the signifi-
cance of any TOC number as a henlth effects
lmit s slso needed. COD 15 easlly deter-
mined with readily avallable lahoratory
equipment, but COD is not limited to organic
compounds, and besides & COD number also
cannot be adequately related to heaith sig-
nificance at this time,

EPA is dlverting substantial resources to
research into the health eflects of specific
organic chemlcals and groups of organic
chemicals. Also, it 15 expected that the study
of the Natlonal Academy of. Sciences wil]
produce further data on health effects. How-
ever, In view of the slgnificance of the poten-
tial health problem, it is not enough to wait
for this additional health effects data. EPA
therefore will undertake to ident!fy one or
more surrogate tests for organic chemleals or
orgenic chemical groups, end wiH also study
in depth the presence of specific organic
chericals In drinking water supplies, It is
anticipated that this effort wil result In
the development of an additlonal MCL or
MCL's for organic chemlicels by emendment
of the Interim Primary Drinking Water Reg-
ulatlons without having to walt for a more
complete resolution of the organic chemicala-
question in the Revised Regulations.

Accordingly, EPA s adopting regulations
on organic chemical monitoring, using the
authority of Sections 1445 and 1450 of the
Act, The regulations require that over 100
Belected public water systems serving sub-
stantlal populations collect samples of raw
and treated water for submisslon to EPA for
orgsnics analysis. EPA wlll analyze the sam-
ples Tor g number of general organic parame-
ters, including CCE, TOC (volatile and non-
volatile), NVOGC, Total Organic Chlorine
{TQC1), ultraviolet absorbancy, and fluores-
cence. In additien, the water will be analyzed
for 21 specific organic compounds. These
laboratory anelyses wlll be used to evaluate
the extent and nature of organic chemical
contamination of drinking water, to eveluate
sthe valldity of the general organic parameters

- @5 surrogates for measures of harmful organic
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chemiéals, apd to determine whether there
18 an adequAte basls for establlshlig maxi~
mum contamiant levels for specific organica
or groups of organics.

In addition, EPA 1s embarking on an In-
tensive research program to find more defini-
‘tive answers to the fallowing four questions:
" 1. What are the eflects of commonly
oceurring o.sganic compounds on human
health? -

2. What analytical procedures should ba
used to monitor finished drinklng water. to
assure that any primery drinking water reg-
ulstions dealing with organlcs are met?

3. Because some af thesa organlc com-
pounda are formed durlng water treatment,
what changes In treatment practices are re-
quired to minimize the formation of the
compounds in treated water?

4. What treatment technology must be ap-
plied to reduce contaminant levels to the
concentrations that may be specified in the
rzguletions?

This research will inveolve health-effects
and epidemilological studies, Investigations of
analytical methedology, and pilot plant and
fleld studies of crganic renroval unit proc-
csses, Some phases of the research are to be
completed by this fall, whilée much of the
remainder 1s to be completed within the next
calendar year.

As soon as sufficlent Infarmsation 15 derlved
from the monitering program and related
researcl, primary drinking water regulations
wlll be aAmended so that the organlc chemi-
cals problem can be dealt with without
delay. The monitoring program will be com-
pleted within one year.

During the interim pericd while satisfac-
tory MCL’s for organic contamination in
drinking water are being developed, EPA will
act In specific cases where appropriate to
deal wilth organic contamination. If the EPA
monitoring program reveals serlous fpecific
cases of contamination, EPA will work with
Btate and local authorities to identily the
source and nature of the problem and to take
remedial action. EPA will also aid the 3tates
in {dentifying asdditional community water
supplies that require analysis.

2. Pesticides. Proposed § 141.13 contalned
MCL’s for several crganic pesticides. Most of
the comments on § 141.13 (out of a total of
130) requested that the MCL’s for pesticldes
either be ralsed or deleted cntirely. There
were two requeshs for inclusion of Mmits for
2,4,5-T, one request for -an organophosphatd
Insecticide 1limit, one for a 1imit on dioxin,
and requests for limits for aldrin, dieldrin,
DDT and chlorine (sic.) Other comments sug-
gested that pesticide llmits be restricted to
emergencles or spills, or at least only to sur-
face water during periods of pesticide use.
There were also requests for research on
carcinogenic risk and bloamplification.

‘These proposed pesticides levels were care-
fully considered by the Adviscry Committee
and have been reviewed in light of avallable
date on the health effects of these pesticides
and thelr incidence in drinking water sup-
plles. The levels established are adequately
supported by the authorities clted in the
Btatement of Basls and Purpose.

A limlt for 2,4,6-T was tentatively proposed
by the Advisory Committee but was deleted
from the Commlttee's inal report In 1973 on
the grounds that EPA's ban on the use of
2,4,6-T for aguatic uses made & drinking
water [Imit unnecessary. That ban has now
been In effect for about five years, and it 1s
highly unlikely that this herbiclde exlsts In
drinking water except perhaps in extremely
rare cases In trace amounts. ZPA i3 now in-
vestigating reports of 2,4,6-T In some water-
ways in Northern Loulslana, and will recon-
slder the desirability of an MCL for 2,46-T if
new date Indicate that the pesticide is ap-
pesring In drinking water supplies at a sig-
nificant rate, Dioxln I8 8 minor conteminant

of 2,4,5-T, and the same basic cqonsiderations
apply to 1t.

The desirability of an MCL for organophos-
phorus Insecticides, which was recommended
in 1973 by the Advisory Committee, was care-
fully consldered by EPA. It was decided not
to adopt'such a level, because although these
pesticides would pose s serlous health rlsk if
they were present at the consumer’s tap, the
fact 1s that there is no evidence that such
pesticides reach the consumer’s tap. Thia was
discussed in the preamble to the proposed
primary drinking water standards, at 40 FR
11882, As noted there, these pesticides reach
water E0urces usually oniy by accident or in-
direotly, and their_tendency to degrade rap-
1dly appareéntly has prevented problems which
might occur when they do reach drinking
water Bources. The principal threat from
these pesticides s from accidental apills in
water sources. The appropriate way to deéal
with such spllls is by emergency action when
they occur, not by perlodic monitoring which
would not cateh the problem in time,

With respect to aldrin, dieldrin and DDT,
EPA's hational survey of the presence of
these pesticides In drinking water supplies
has not been completed. If the results of
that survey indioate that those pesticides are
present in a significant number of water
supplles, an appropriate amendment of the
Interim Primary Drinking Water Regulations
will be prcposed. .

The proposed MCL's for chlordane, hepta-
chlor, and heptachior epoxide have been de-
leted bceause EPA is currently Invelved in
suspension and cencellation hearings {for
these pesticides. MCL's will be reconsidered
et a later date. .

Current research on pesticides, inciluding
both surveys of thelr Incldence in water sup-
plles and thelr health effects, will be con-
tinued and expanded. .

3. Monitoring Requirements. There were
over 260 comments on § 141.24, dealing with
monltoring for compliance with the MCL's
for CCE and pesticldes. However, moat. of
these comments were more related to the
merits of the MCL's than to the monltoring
requirements., The CCE llmit has been dis-
cussed above, and that dlgcussion will not be
repeated here, _

A number of comments on § 141.24 sug-
gested that monitorlng requirements for
pesticides be eliminated, or at least that the
responsibility for such monltoring be gaa-
sumed by EPA or the States rather than hy
publlc water system. Concern was expressed
over the cogt of moniltoring for pesticides,
and the ahsence of pesticides in public water
systcms In some areas.

EPA egrees that regular monitorlng for
pesticldes {5 not needed for all public water
systems using only ground water sources.
Pestlcides ara rarely found In significant
levels in ground water. Accordingly, the pro-
posed §141.24 has been emended to provide
that for a system using only ground water,
monitoring shall be required only when speci-
fled by the entity with primary enforcement
respansibllity. This will more reasonably
Limit monitoring for pesticides In avstems
using only ground waléer to those instances
when the Stete or EPA has reason to suspect
the possibility of contamination,

In the case of surface waters, the greater
Incidence of these pesticides requlres moni-
toring ecross-the-board. For gll community
water systems using asurface water sources
for all or part of their water, monltoring for
pesticides will be required within one year
of the eflective date of the regulations. This
monitoring shall be repeated at intervals
specified by the State =nd In no event less
frequently then ot three year interyals.

Section 1424 has also been amended to re-
quire that samples to be analyzed for pesti-
cldes must be coliected during a perlod of
the vear designated by the entity with pri-
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mary enforcement responsibility as the period
when contamination by pesticldes 18 moat
1ikely to occcur. This takes into account the
fact that the level of pesticides ln surface
waters verles on a geasonal basta in relation
to agricultural uses of the pesticides. This
amendment will make mon!toring for pestl-
cides in drinking water more-eflactive.

Several commenta criticized proposed
§ 141.24(b), which would have required in-
creased monitoring when: the coniaminant
tevel reaches 769 of the MCL. This is bagic-
ally the same question addressed above with
respect to monitoring requirements for in-
organic chemicals. For the same reasons, the
76 Increased monltoring requirement for
pesticides has been eliminated.

Other comments requeated that EPA al-
low alternative analytical procedures. A new
§ 141,27 has been added to provide that &
supplier of water may, with State approval,
employ an alternative analytical technique.

There appears to have been some mlsun-
derstanding regarding the role of the publle
water syetem laboratory versus State or other
laboratories In performing anelyses for the
purpose .of determinilng compliance with
thess regulatlons, and in particular the
MCL'g for pesticides. Although It Is intended
that the individual suppliers of water be re-
sponsinle for the analyses, {t wai not in-
tended thnt each aupplier of water neces-
‘sarlly posness the analytical capablilty to
perform the analyses himsell. It 15 reasonable
to expect aach supplier of water without it4
own laboratory facilitles will callect and
transmit water samples to approved labora-
tories.

.1t should be nofed that with respect to
organis chiemlcals .and other contaminants,
“sll MCL's and monitoring requirements In
these regulations are minlmum reffuirements,
and it 13 Incumbent on the entlty having
primary enforcement authority to requlre
additional monitoring and other reguire-
ments where appropriate. -

IV. TORBIDITY

1. Turtidity MCL's. About half of the more
than 160 comments on the MCL for tur-
* bidity (§ 141.14) contsined a request that
turbidity be deleted from the Primary Drink-

. ing Water Regulations or he relegated to the
.Secondary Drinking Water Regulations,
.. There were also requests that the MCL be
ralsed, that there be a Ilmit of .6 turbidity
units (“TU") and a “goal" of 1 TU, and that
the MCL be lowered. Other comments refer-
red to turbidity In sub-arctic waters, the
wse of a two-level MCL for turbidity, and
the apparent encouragement of chlorination.

The Administrator has determined that
turhlidity 1s Indeed appropriately classified
as a health Lmlit, in that turbldity bms a
msarked effect on the bacteriological quality

. of water, whe‘\:her or not disinfection I8 prac-
ticed.

As noted above, meny comments gques-
tioned the need for & turbidity limit applic-
able to syaterns using only a ground water
source. In thls regard the Admindstrator be-
lieves that in most cases, turbidity 13 not &
problem !n properly developed wells. In some
cases, excess sand 18 included in the watar
pumped but this s not a health related prob-
lem. In other cases dissolved iron present
precipitates upon oxidation. This @120 is not
B health related problem. In some fractured
geologic formatlons and particularly in Lime-
stone formations, turbidity could be a peri-
odic problem because of a sghort retention
times In the aqulfer. In these crses the Htate
is encouraged to take appropriate aoctlon
in establishing a llmit or treatment require-
nent.

Some commenta qu.estloned the proposal to
allow an MCL of 5 TU rather than 1 TU in
cased where the entity with primary enforce-

RYLES AND REGULATIONS

ment regponsibility specifically authorized
the higher MCL. The Administrator believes
this 13 justified on the basls that -mot pll
turbidity is related to bacteriological quallty.
Examples of Instances where the higher tur-
bidlty may be allowed are when lron ar other
minerals, or minute lce crystals In otherwise
satisfactory water, are the cause of the tur-
bldity. Proving thet a particular type of tur-
bidity does not Interfere with disinfection
or does not interfere with mlicroblologlcal
determinations is not always easy. One of the
best methods for proving the former ia an ac-
cumulation of data showing good bacterio=-
logical quality fn the distribution system
over an extended period of time, even with
turbidity over 1 TU. A microblologist ¢an, by
various manipulative techniques, tell
whether or mot turbldity is interfering with
the coliform test. No doubt a State may em-
ploy other means for determining when g

- public water system has qualified for the

hlgher turbidity lim't,

The propcsed regulatiohs me'tsured “the
turbldity MCL only on the basis of a monthly
average. The Natlonal Drinking Water Ad-
visory Coumell recommended that a supple-
mentary MCL be established to protect
against the appearance of a particularly high
turbldify level over a short perlod of time.
In aecordance with the Council's recommens-
dation, § I41.13 has been emended to estab-
lish an MCL of 6§ TU as an average of two
‘consecutive daily samples. EPA agrees with
the Council that turbidity levels above 5 TU
cennot be Justified In surface waters for mora
than a one-day period.

That there is an lmplied endorsement of
chlorination in these regulations ¢annot be
denled. The Admlinistrator, recognizing chlo-
rinatlon as being the only génerally avellable
disinfectant in water treatment, has on sev-
eral occasions specifically endorsed chlorina-
tlon as & valunble publlc henlth measure.
Pending further research, the possible long-
term acdverse effects of chlorination are in
most cases offset by the eTectiveness of chlo-
rinazion for preventing bacteriological con-
tamination.

2, Turbidity Moniforing, Therse were over
120 comments on the turbidity monitoring
requirements (§ 141,22). Most of the com-
ments were directed toward the requirementa
as they applied to water supplies using water
from underground sources. It was acreed that
turbldity in ground water need not be moni-
tored, end in fact there were a number of
comments suggesting that turbidity monltor-
ing be deleted altogether, Thers were com-
ments that the sampling was too frequent,
and comments that in some circumstances
the sampling was t00 lnfrequent. The ques-
tlon of cost was brought up in connection
with sampling frequency, There also wers re-
quests for clarification of the entire section,
with particular emphasls on defining an “en-
try polnt” to a distribution system.

1t was the Lntent of the Adm!nistrator that
public non-community water systems using
ground water he exempted from the turbidity
monitoring proviasions. Unfortunately, how-
ever, the omission of commas In § 141.22(c)
made It appear that only community systems
using ground water were required to monli-
tor for turbidity. The section has been writ-
ton so that the turbidity monitoring require-
ments apply only to water systems using sur-
face water sources. Also, for non-community
systems using surface water, tne regulations
have been modifed to require that the tur-
bidity monitoring must be initiated within
2 years of the effective date.

The measurement of turbidity at the entry
point to the dlstribution system, rather than
et the consuimer's tap, can be justified on at
laaat tWo bases. First, since turbidity cen be
controlied only by water treatment processes,
it 18 moat appropriately measured immedi-
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atety after the water has been treated, and

. before the mensurement 13 affected by scala,

sediment or other meterials present in pipe-
Nnes. Second, since one of the principal
purposes for limiting turbidity s the fact
that turbidity interferes with disinfection,
and slnce disinfectisn is effested at the treat-
ment plaht, turbidity at the consumer’s tap
1s not an edeguate refiection of conditions
where disinfection is taking place,

Comumnents suggesting an increased same-
pling frequency for turbidity in effect were
suggesting operatlonal monitoring desirable
in specific cases rather than a frequency
which. 18 practical when generally applled
to thousands of public water systems. It
should be relterated that these regulations
contain only minlmuin requlrements, snd
thet more frequent monitoring can be re-
quired by EPA or the States in appproriate
cases. Furthermore; there Is nothing In these
regulations to deter a supplier of water from
more frequent turbidity moniltoring as an
operational guide.

Other comments on turbidity monttoring
stated that the proposed requirements were
too expensive. However, the cost and effort
involved in measuring turbldity are-not ex-
cessive. 'This 18 one parameter which can be,
end in faet must be, measurad by the indlvid-
ual suppllers of water. Almost enyone can’
learn to take turbidity measurements, and
only a few seconds are required for each
measurement. The only cost 1s tn the pur-
chase of & turbidimeter, which lagts for many
Tears.

In order to take Into account the fact that
turbldity measurements In most cases will
not be taken by trained”laboratory teths«
nicians and that erroneous high resdlngs
carn be obtalned by careless handling of the
test, § 141.32(b) has been amended to pro-
vide that if the Initinl ‘dally sample appears
to exceed the maximum allowable limit but
& repeat gample shows a lower turbidlty, the
results of the repeat sample shall be used
rather than the results of the lnitial sample.

Because turbildity is closely interrelated
with filtration and disinfection, sampling
is tb he done et “a representative entry
point(s) to the water distribution system.”
This means et a point between the fllters
and the mains. A clear well would be appro-
priate, as would be a polnt between a pump
discharge and the malns i there are no fil-
ters. In the event that there are several
“entry polnts,” such as would be the chse
when there are several well pumps, a sam-
pling polnt common to all pump dis-
charges would obviate the necessity to sample’
at each pump discharge. If there is a Gues-
tion &8s to whether or not a particular sam-
Pling point were ‘“'representative” of the
water being delivered to the dlstribution
system, the State would make the declsion.
Alternstive analytical’ procedures, such as
continuous turbidity monitors, may be used
at the discretlon of the Btate.

V. MICROBIOLOGICAL Ln\.m's

1. Coliform _Limits and Standard Plate
Count. There were almost 140 comments on
§ 141.15, Maximum M!icroblological Gontami-
nant Levels, of which about half were
directed townrd § 141.16¢b), the standard
plant count ("SPC")., Most of the com-
ments on § 141.15(a}, coltform limits, were
general in nature, covering such points as
clarification of the langusge, use of alterna-
tive indicator organlsms, raising or lower-
ing the limits, averaging of results, and. the
assignment of responsibility for performing
the tests. Nearly all the comments on the
BPC expressed ‘opposition to the imposition
of a makimum contaminant level. Oppositian
was based on the lack of health aignificance
of the SPC and the unfavorable ¢oet-benefit
ratio,
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Secflon 141.16(a) has been rewritten for
clarification. The Administrator belleves the
* coliform group of organisms are the best In-
dicators of bacteriologieal quality of drinR-
ing water, although of course research Into
posalble alternative Indlcators is ongoing.
The Administrator also belleves the maxi-
mum contaminant levels for colllorm or-
ganlsms are adequate to protect the health
of consumers. Other limilts for bacteriologl-
cal quality, such 83 those in the® World
Health Organization Drinking Water Stand-
ards, may appear to bs Iore stringent and
thus more protective of health, but It must
be rememberad that WHO BStandarde are
merely guldellnes, not enforceable regula-
tlons. It should elso be remembered that the
currently proposed regulations contain minl.
mum standards of quelity, and that lower
levels of contaminants should be attalned
when feasible. Because of the effect a slngle
sample may have on a monthly average, par-
tlcularly when only a few samples are €E-
amined per month, quarterly averaglng will
be allowed for those publlc water systems
sarving populatlons of 3300 or less.

Although the Adminlatrator has evidence
that the Standard Plate Count does have
health significance, and In addition is a valid
indicator of bpcteriological quality of drink.
ing water, the Administrator bas deleted
§ 141.16(h). Because the collform limit pro.
vides adequate protectlon against microblo-
logical contamination, the cost of an SPC
requirernent cannot be Justified. However
the Administrator recommends that the SPC
measurement be applled judiciously wher-
ever indicated, if only as an operational tool,
in conjunction with the coliform test.

2. Chlorine Residual Substitution. There
were over 170 comments on § 141.16, the
chiorine residual substitution provizgion, The
comments represented overwhelming oppo-
sition to total substitution with concomitant
suspension of the coliform test. There were
also cornments on the analytleal procedure,
free chlorine resldual versus comblned resid-
ual, and particular opposition to the con-
cept of allowlng substitution In the smaller
communlities. Tn the latter case, it was stated
that 8 small communlty would not have a
water system operator of sufficient.skill or
dedication ro moniter chlorine residugls ac-
curately or faithfully. There were several
questions regarding the different chlorine
residunls specified o §§ 141.18(a) and 141.14
(h). Some belleved the residual should be
ralsed, while others believed the lower resld-
uals should be permitted.

The chlorine residual substitutlon provi-
sion was inserted so that in those com-
munities where chlorination 1is practiced,
some economic benefits might be realized by
the deletion of part of the coliform testing
requirements without affecting the health
protection provided. In the smallest com-
munities, total substitution of chlorine re-
sidual testing would result in a slgnificant
economlic benefit, since 1t s in these com-
munities that the maintenance of adequate
water quality has the highest per capita
cost. The Administrator believed -that the
maintenance of an adequate chlorine resid.
ual In & distrlbution system throughout a
month was at Ileast egulvalent, in heaith
safety ‘terms, to Isolated coliform testa. In
the event that total substitution had been
allowed by the State, the slightly higher
chlorine residual provided a greater factor of
safety.

It is true that a c¢hlorine residual alone
does not guarantee the absence of pathogenic
bacteria. It 15 also true that a negative coli-
form test does not always guarantee the ab-
sence Of pathogenle bacteria. However, the
Administrator concedes that, because of
¢questionable rellance on unaskilled operators

“in the smallest communltles, it would not be
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prudent to permit 1009 substitution of chlo-
rtne residual testing for coliform tests in
those cases. For this reason, proposed § 141.-
18(b) has been deleted. However, 75% subst!-
tution will he permitted where specifically
authorized by the entity with primary en-
forcement authority.

The analytical method specilfied for chlo-
rine residual testing led to 8Ume misunder-
stending. The DPD method, as described In
“Standard Methods of Examindtlon of Water
and Wastewater,” appears ta be an lnvolved
and sophisticated procedure. It wan specified
primarily on the basis of accuracy and sensl-
tivity, particularly when compared with the
o-tolidine procedure In common use. The
latter has been shown to be inaccurate and
unreliable, but remains popular because of
itz simplicity and the ready avallabiltty of
Held teet Kits. What i€ not known, apparently,
18 that the DPD test 1a almost as simple and
1s also avallable [n reasonably prlced fleld
teat kits.

Chlorine substitution has been speclfied,
rather tban “disinfection substitution,” sim-
ply because there is no other disinfection
procedure of comparable sdfety and rellabil-
ity. Jodination has been suggestad, but 1odine
presents a health risk to some persons.

3. Microbiological Monitoring, There were
over 250 comments on § 141.21, microbiologi-
cal contaminant monitoring requilrements, of
which over 70 comments were dlrected toward
$ 141.21(g). the standarq plate count moni-
toring requirement. Although both increased
and decreased sampling frequencles for
coliforms were requested, by far the greater
number of comments expressed the opinlon
that the requirements of this section were
unreasonably burdensome, particularly for
the smaller communities end nen-commu-=
nity public water systems. There were also
numerous requests for clarificatlon or modi-
fication of the coliform monitoring reqitire-
ments, such as requests to modify the time
for resampling. requests to permit excluslon
of sampling points which have been shown
to be centaminated, and requests to permit
discarding positive bacteriological sampling
results for which the check sampic results
are negative. In regard to § 141.91(g), the
standard plate count monltoring require-
nient, most comments reflected the objec-
tions to the parameter !tself rather than ob-
jections to the frequency of monitoring.

Considerable attention hes been given to
the sanitary surveys and monitorlng fre-
quency for coliforms, particularly in the case
of small communtty systems or non-commu-
nity systems. The concept of a sanltary sur-
vey, expressed In a number of comments,
caun be considered as a factor In determining
the sampling frequency for a particular sys-
tem. The practicality of sanitary surveys, at
ennusl or even less frequent intervals, versis
the collection and analysis of two water
samples per month, must be carefully con-
sldered on both economic and manpower re-
quirements. It has heen estimated that there
are 200,00 non-community water systems In
this country, but from the Information sup-
plied in the comments recelved it 15 svident
that this number may he too conservative.
An adequate sanitary survey of each of these
systems In one year would create a severg
straln on the skilled manpower necessary.

The consensus of oplnion from the States
15 that, In the event a sanltary survey be-
comes acceptable for establishing coliform
sampling frequency for any segment of pub-
1ic water systems, a. priority scheduling of
surveys will be established, with populations
at risk and known trouble spots being factors
to consider. With such pricrities, it i3 evi-
dent that the non-community systems, serv-
ing smaill population groups and dellvering
water on which there 13 no past record, will
be last to receive attention. For this reazon,

among others, the parsgraph on coilform
monitoring, § 141.21(a), has been re-written
to establish a minimum sampling frequency
of one per calendar quarter for non-commu-
nity systems. A sanitary survey can be usad
88 a basis for modifying the sampling fre-
quency. For the Emaller community public
water systems, a new populatlon ratge has
been delineated, With an accompanylbg re-
duction in coliform sampling frequency, In
this range - {(35-1.000 persons served) one
sample per month is the minimum, although
the State may, based on a sanliary survey
verifying certain cond!tions, reduce the sam=
pling frequency, except that in no case shall
it be reduced to less than one per quarter,
In addition, the paragraph has been re-writ-
ten to clerify the intent and to spell out
more precisely the means by which compli-
ance or non-compliance ls determined.

An effort has also been made to clarify
the samples that should be included and
excluded among those used to calculate com-
Pilance. In thia regard, 8 paragraph hpas been
added on “'special purpose samples’, to define
those used to check such operations as pipe
disinfection procedures.

For non-community systems, in order to
ense the laborntory work load, and provide
& phased approach, the bacteriological mon-
1toring requirement must be implemented
within 2 years after the effective date of
the regulations. This provides a 3 year period
for the suppliers, State agencies, and labora-
torled to prepare for the greatly increased
number of samples to be analyzed.

In response to the request to permit the
elimination from future sampling of those
polnts that have a history of gquestionable
water quality, the wording has been modi-
fled to state that any sampling point at
which check samples have been required
may not be eliminated from future sarapling
without approval of the State. )

Concern has been expressed that in some
cases, because of either a sampling or a
laberatory . error, a4 microblologlcal analysls
could result in anl erroneously large count,
The regulations require that this result be
included among those samples used in eal-
culating the average monthly coliform bac-
terla density, even though the subsequent
check samples may have been all negative.
This high count could cause the supplier to
fall the monthly average and thus require
that he notlfy the public.

The Administrator understands this prob-
lem, but cannot Agree that - the one “bad”
sample should not be included in calculat-
ing the average. The reason 1s that there 14
no way to confirm that the bacteriological
result of a sample collected ln the past was
due to sampling or analytical error. It can-
not be accomplished, for example, by col-
lecting a check sample, which by the length
of the standard test, would Have to be gol-
lected at least one day after the original
sample, The check sample would not neces-
sarily reflect the bacterial situation of the
previous day. The only way to confilrm bac-
terial sampling results are te collect and
analyze samples in duplicate or triplicate.

Since there 13 no provision for discarding
or adjusting for occasional spurlous results
from sampling or ahalytical error, EPA rec-
ommends that for positive bacteérial enalyses
standard analytical verification methods be
used to verify analytically that coliform bac-
teria are present,

As stated earliet, the standard plate count
requirement has been deleted, although it is
recommended that the parameter be em-
ployed as conditions warrant.

VI. LABORATORY CERTIFICATION

There wers over 100 comments on 314127
deallng with laboratory certification. In gen-
eral, there was agreement with the con-
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cept of laboratory certification, although
there were a few requests for clarification of
the role of the certifylng authorlty. Most of
the comments contained objectlons to the
concept of requiring turbidity and chlorine
residual tests to be performed by certliled
laboratories. The remalning comments ad-
dressed the cost of certification, the need for
time to get labs certifled, and the scarcity
of qualified laboratories.

It was the intent of the Administrator
that EPA would certify at least one labora-
tory in each 8tate with other laboratorles to

‘be certified by the State laboratory or
JIaboratories qualified to perform this func-
""tion. Because of the translent nature of tur-
bidity and chlorine residual values, it i3 not

possible for a public water system to collect
samples and transmit them to & central
laboratory for determination of these param-
etors. It was the intent of the Administra-
tor that the {ndlvidual opzrators of public
water agstems perform their own turbidity
and chlorine residual -analyses. It would
seem pdvisable, however, that such operators
be certified, approved, or at least minimally
trained to perform the analytical tadks be-
fore a State could accept thelr snalytical
determinatlons as having enough valldity
for declslons regarding compliance or non-
compliance to be made.

VII. REPORTING AND PUBLIC NOTIFICATION

t. Repofiing. There were cver 200 com-
ments on § 141.31, dealing with reporting
requirements, but only three basic crittclsms;
the, reporting requirement ahould be lniited

“ to those situations which are essential to

enforcement of the regulatlons; the sectlon
needs clarification; and the [nstitution of
reporting requirements makes comphance
with the regulations elther difficult or im-
possible, Minor comments included requests
for changes Io the 38-hour and 40-day
reporting requirements, requests for a cor-
rective actlon requirement rather than a
reporting requirement, and requests that
Federal agencies report to the Btates rather
than to EPA.

Section 1413 of the Public Health Service

. Act deals with the role of the States In
implementing and enforcing drinking water .

regulations. Section 1414 of the Act spells out

" actlong to be taken if a State fails to assure

enforcement of drinking water regulations.
A Btate could not effect{vely comply with the
provisions of thege sect{ons without receiving
regular reports from every publlc water sys-
tem within its jurisdiction. Monltoring fre-
quencies heve been establlshed, and if only
viclations of msxlmum centaminant levels
were reported the State would not know
whether or not monitoring frequencies had
been adhered to. Thus all actlvities of & sup-
plier of water in connectlon with these regu=-
lations are essentlal to enforcement of the
regulations and must be reported to the
State,

It Is apparent from Section 1447 of the
Public Health Service Act ahd the legislative
history of the Safe Drinking Water Act that
Federal agencles are to be treated exactly
like any other owner or operator of a public
water tystem except In cases involvihg na-
tional security. Therefors, the Adminlstrator
believes that it would be contrary to the
intent of the Act to require Federal agencies
to repert only to EPA and not to States with
primary enforcement responsibllity. Io the
revision of § 141.31 of these regulations, no
exemption for Federal agencles from the pro-
visions of the regulations will be speclfied.

2. Public Notffication, Sectlon 141.32, the
piblic notification provision, recelved a large
number of comments. Of the more than 300
comments, only two approved of this section
a5 written. Two additional comments con-

RULES AND REGULATIONS

tailned suggestlons for modlification, such as,
for example, to require a second netice to tell

-the public that the condition previously re=-
ported hed now been corrected. Every other-

comment expressed opposition to publio
notification, either on the basls of dlasapgree-
ment with the coticept, on the basis of in-
approprieteness for some types of water sys-
tems, or on the basls of some type of in=-
equity., Most frequently heard comments
were: the State should have the authority
to notify consumers only i there ia an lm-~
mediate and significant threat to public
hesalth; scare tactica wiil lead to public dis-
regard; notifieation by radio and TV within
38 hours is an unreasonable requirement;
notification of the entire public 1s unreason-
able when only = portion of the public 1s
involved; and notification by means of watsar
bills iy unacceptable. One of the more con-
structive comments wes that, while the con-
cept of public notification was opposed, the
supplier of water should be given the op-
portunity %o explain the deficlency..

To explain the Intent of Congress In re-
guiring public notification, the followlng 13
guoted from House Report No. 83--1185:

"The purpose of this notice requirement ls
to educate the public as to the extent to
which publlc water aystems serving them are
performing inadequately in light of the ob-
lectives and regquirements of this bill. Such
publlc education is deemed essentisl by the
Committea In order to develop public aware-
nesg of the problems facing publlc water
systems, to encourage e willingness to aup-
port greater expendlture at all levels of gov-
ernmant }o asslst in solving these problems,
and to advise the publlc of potential or
actual health hazards,”

The Administrataor azrees that the suppller
should be givecn the opportunity to explain
the defleiency. It wad not the Intent of Con-
gress, that such notices would be merely a
flat staternent that the water system had
Talled to meet the requiraments of the Regu-~
iations. To quote the House Report further:

““the Committee expects that the Admlinls-
trator's regulatlons would permit public
water systems to give falr explanation of the
significance or seriousness for the bpublie
heaith of any violation, fallure, exemption
or variance. These regulations should also
permic fair explanation of steps taken by
the system to correct any problem.”

The wording hae therefore been modified
to permit that tne suppllier may use the
notlce to explain the slgnificance or eerlous-
ness of the violation, to include the resulits
of additlonal {subsequent} sampling, and to
indicate preventatlve measures that should
be taken by the public.

As to the unreasonableness of allowing
only 36 heurs prior to radlo and TV notifica-
tion, thls wording hes been modified to read
48 hours and the Administrator belleves that
this is adequate time to preparc such noti-
fleation when an MCL is viclated.

Time requirements for notificatlon in
ne2wspapers has been egtablished, The regu-
latlons requlre that the failure of eny MCL
shall be published in & dally newspaper or
newspapers of general circulation in the
aren served by the system, on not less than

-three consecutive days, and that such notifi-

catlon Is to be completed within seven days
after tha supplier learns of the failure. The
notice shall be provided to radlo and tele-
vision statlons within 48 hours after he learns
of the failure.

Public notice for other fallures of tbe reg-
ulatlons, such ak fallure to comply with test-
ing procedures, fallure to comply with moni-
toring requlrements, and fallure to comply
with a schedule preacribed pursuant to s
variance or exemption, 1s to be made by in-
cluding a notice with the water bllla, within
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at leaat three months after the supplier learus
of the failure. In the event water bills are not
issued, there is a provision £or using another
form of direct mail, ’ -

The provision for mailing notices responds
at least In_part to the comtnent that the
notice should not be mede to the entire
public but only to thé portion of the public
using the water. Qtherwlse, 1t 18 true that a
notice given In a newspaper ¢f géneral dise;
tribution, or & radio or television broadoast,
will reach more’ peaple than those affected
by a particular public water system.

There is no way that this can be avolded,
but there I8 nothing in the regulationa which
would prevent the notlce from speclfying
which person or which area need be con-
cerned about the notloa, ) .

The Administrator sgrees that the pro-
posed publie notice provislons are inseppro-
priate for non-community water systems. No-
tices In the locel medla and in water billa
will not have the intended effect with these
systems serving transients or “intermittent
users. Therelore, § 141.92 has been revised to
include a provision for other types of notifl~
cation, subjlect tc approval by the State, for
non-community water systems. Envisioned
here are such types of notification as a
poster or slgn near the drinking fountaln
of a facllity serving the travelling publie, or
# handblll distributed to factory workers.

VIO, EcoNoMIiC CONSIDERATIONS

There were over 100 comments on the eco-
nornic agpects of the regulatlons, The two
most frequent comments were that the esti-
mates In the preamble were much too low,
and that the economic impact on the smaller
water utilitles would be severe. The correc-
tive measure suggeated in most cases waa
that EPA should give grants to the public
water systems or should provide funds to the
States to pay for monitoring. In general, tha
comments contained criticisms of the regu-
lations in that the¢ were termed “not cost
effective.”

It was the intent of Congress that the hulk

" of the costs assoélated with the Safe Drink-

ing Water Act would be borpe by the indl-
vidual public water eystems and thus the
consumers. Of all the comments on the cost
of a prograin to Improve the quallty of drink=-
ing water, 1t 13 noteworthy that only one-
cormment stréssed the benefitd to those con-
sUmers,

There is no doubt that money will be spent
for incressed monitoring. This I3 particularly
true for the smaller water syastemas, where In
the- past practlcally no monltaring has been
performed. These very small water systems
are the ones which most need lmprovement,
50 it can be expected that the costs will be
preporticrnately higher for the smsall systems
when compared with larger systems. On 4 per
capltas basls, slhee so few customers are in-
volved, the costs will be disproportionately
higher for the smaller systems. Congress did
not intend that the monltorihg coats for
these eystems would be subsidized. Rather,
Congress noped that many smail systems
would be eonsolidated Into larger systems, so
that the coste would be shared by a larger
number of consumers, and so that Improved
drinking . water quality would more casily
be attained.

A cost and economlc analysis of the mont-
toring requlrements are attached as Ap-
pendix B,

~IX. OTHER COMMENTS

1. Siting. Of the more than 70 comments
on § 141.41, siting requirements, most either
wanted the sectlon deleted or else clarlfied
in some way. The critleisins were that the re-
quirements for siting Were not realistic, that
the terma used needed deflnitions, that State
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approval ba granted befora a change in a
water system be made, of that State approval
ta already required 1o the clrcumstances. The
limitation regarding the "100-year flood™ was
criticlzed on the basls that water Intakes
(for surface water sourees} must be In the
fioodplain. Suggsetions Iencluded: use the
.words "geological haegards and man-made
disasters;” add the phrese "avold causing ad-
verse environmental impacts;” and limit the
provisions to “ground level or underground
storage facllitles, vertical wells of a system
which has no filiration or any other treat-
ment facilities.”

It should be pointed out thet the section
on siting requirements In these regulations is
fiexible, in that the phrese “to the 2xtent
practicable” allows considerable leeway.
These minimum siting requlrements were ine
cluded on the besls of sectiqn 1401 (1) (D) of
the Public Health Service Act, which states:
“The term ‘primary drinking water regula-
tion’ means a regulation which c¢ontalns
* ® » requirements as to (il) sitipg for new
facilities for public water systems.” Obvi-
pusly, socme clarification of even these mini-
mal requirements is ealled for, 80 the section
has been revised. In accordance with Congres-
plonal Intent, the revised version makes clear
that all inal stting decislons are to be made
st the State and local government level.

2, Effective date. There were anly three
comments on § 141.51, the eflective date of
these regulations. All of these comments con-
talned the request that more time be allowed
for water systems, particularly those of small
communities, to come into compliance.

The effective date of these regulations was
‘established by section 141.12(a)(8) ot the
Public Health Bervice Act, which provides
that, “The interim primary regulations first
promulgsted under paragraph (1)} shall take
effect eighteen months after the date of their
promulgation.” The Administrator. belleves
that, by scheduling the monitoring requlre-
ments In several phases, ample consideration
has been glven to small systems. Varlances
and exemptions will be avallable in appropri-
ate cases.

3. Redionuclides. There were approximate-
1y 50 comments relating to mezxlmum con-
taminant levels for radionuclides. However,
EPA only propesed MCL's for radlonuclides
on Auguat 14, 1875, 40 FR 34334, Comments
on radlonuclides will be taken into account
in that rulemaking proceeding.

4. Water treatment chemicals, Ten com-
menta sddressed chemical requirements in
connection with the proposed regulations,
The comments tated that certaln chemlicals,

particularly activated carbon and fliter grade-

alum, are in short supply.

It Is acknowledged that ag increase in ths
extent of water treatment will cause an ln-
ereased demand for water treatment chemi-
cals. It a particular treatment technique wers
to be speclfied, the demand for any chemical
involved in that treatment technique could
increase dramatically. Since no treatment in
lteu of & monltoring requirement was speci-
fled In these regulations, the problem has
not surfaced a3 yet. Before speciliying any
treatment technlque, the Administrator will
investigate both the avallability of the necus-
sary chemicals and the costs assoclated with
that treatment technique. Naturally, the
effect of ah Increased demand for a particular
chemical on the cost of that chemical wlll
also he investigated. Because of the phasing
of the provisions of the Hafe Drinking Water
Act, and because there {8 currently no short-
age of Taw materlais for the production of
water treatment chamicals, it can be ex-
pected that ample quantities of these chem~

RULES AND REGULATIONS

leals will be avallable for conventlonal wa=

tar treatmeént when they aré needed.

b. Traaiment lechrigues. Oa the subject
of treatment technlgues or treatment tech-
nology, 30 commeants contalned criticiams or
suggestiona It was noted that no treatipent
techniques were specified in ljeu of MCL’a,
and almost Unanimous support for thls ap-
proach was expressed. On the other hand, 1%
was sguggested that [nformation on treatment
technology to remave certaln cantaminants
be supplied.

While no treatment technlque requiremant
was Included In these regulatjons, the Ade

ministrator may epecify such techniques In -

revised regulations If warranted. The Admin-
istrator belleves, however, that it is always
preferable to speclly monitorlng require-
ments 1f at all possible, heoause of the un-
certalnties involved Iz =& treatment
technique. Although s treatment technlque
may appear to be capable of removing a
particular contamtinant, hased on laboratory
or pliot plant .studies, in sctual water plant
operation such removal may not always
occur, Without monitoring, the adeguacy of
the treatment technigque cannot be ascer-
talned. As for technology for the operation
ol a conventional water treatment plant, op-
eration and malntensnce regulations are to
be published separately. Techniques to be
used for the.removal of specific contaml-
nants are the subject of cngoing research.

6. Miscellaneous. Caomments .not classified
elsewhere addressed a number of miscella=
neous toples, Including the {followlng;
typographlcal errors, regulations for the
quallty of Intake water, control of pollutanta
at the source rather than in drinki{ng water,
tralning of water plant operators and the
encouragement of young people to enter
the water treatment fleld, conirol ol water-
sheds as a means lor improving the drinking
water quallty, amending the regulations to
ellminate systems servimg less than 200 peo-
ple, setting of prioritles according to size
and type of system when applylpg the regu-
lations, regulations for Interconnections of

‘supplies, provision of technical support by

the Epvironmental Protection Agency Re-
glonal Offices, and the development of a pol-
icy on carclnogens as an ald to standard
setting. .

APPENDIX B—~Co05T AND ECONOMIC ANALYSIS
EXECUTIVE SUMMARY 1

1.0 , Safe Drinking Water Act of 1974. The

objective of the Safe Dranking Water Act.

(Pub. L. 53-523) 13 to establish standards
which will provide for safe drinking water
supplies throughout the Undted States. To
achieve this objective the Congress author-
1zed the Environmental Protaction Agency to
establish national drinking water regula-
tlons. In addition, the Act provides a mech-
anism for the individual States to assume
the primary responsibility for enforcing the
regulations, providlng general supervisory
ald to the publlc water systems, mnd in-
specting public water supplies.

The purpose of the legislation is to assure
that water supply systems serving the public
meet minimwm natlonal standards for the
protection of public health. Prior to passage
of the Act. the Environmental Frotection
Agency was authorized to prescribe Federal

1 This summary is based on a detailed and
comprehens{ve study preparéd far EPA by

-Energy Resources Company of Cambridge,

Massachusetts, titled, “Economic Evalustion
of the Interim Primary Drinking Water Reg-
ulatlons™ (October 1976).

drinking water atendards applicable only ta
water suppllag ysed by Lnterstate carrlers.
Purthermors, these-gtandards could only be
enforced with respect to contaminants capas
bla of caustng communicable diseases. In
contrast, the Safe Drinking Water Act au-
thorized the Eavironmental Protection
Agency to establish regulations to (1) proe
tect public watar systems from all harmful
contaminants; (2) protect underground
sources of drinking water; and (3) promote
8 Joint Federal-8tate system for assuring
compliance with these regulations. -

1.1 National interitm primary drinking
water regulations, The EPA published its
Propased Natlonal Interlm Primary Drioking
Water Regulations in the Feperan Rrorsres,
March 14, 1976. The -EPA held four publis
hearings end recelved several thousand
pages of public comments on the pro-
posed regulations. Based upon Iits review of
the comments, the EPA revised the proposed
regulations for final publication. The major
provisions of the Interlm Frimary Drinking
Water Regulations are:

1. Mazimum contaminant levels for cer-
taln chemlical, hlological, and physjcal con-
taminacty are established; -

2. Monitoring frequencies to detarmine
that conteminant levels assure compllance
are established; and

3. A methodology to notify consumers of
variances, exemptions, and non-compliance
with standards 1s set forth.

12 The Water Supply Indusiry..

13.1 Pudlle Water Systems. The Sale
Drinking Water Act of 1874 covers publia
water syatéms that regularly serve an avels
age. of 26 people or have at a minlmum i1b
service connections. Systems that serve the
travelling public are considered public water
systems .under the Act. EPA cwTently esti-
mates there are 240,000 public water systemsa
that will-be subject to the regulatery re-
quirements developed under the Act.

The Interlm Primary Drinking  Water
Regulations categorize public systems as
community and non-community systams. A
community systern i3 defined as a public
system which serves at least 15 service con-

nectlons .used by year-round residents or

regularly serves at least 28 year-round resi-
dents. The non-community eystem category
includes those systems which serve a trans
stent population. At the present tlme the
distribution betwesn the two classes of pub-
lic syatems is estimated aa follows:

Community BYyStemMSmcmecacacarcaa 40, 000
Non-community systems. -- 200, 000
Total ccceccmcmmmmneeea——e 240, 000

Based on the data contalned in the om-
golng EPA public water supply lnventory,
there are approximately 177 million persons
served by community water syetems. Table
1-1 shows the distribution of community
systems by population served., Most of the
ecommunity water systems are small in elze.
Over 90 percent of the nation’s supplies are
in the under 10,000 persons-served category
but they proride water to less than 25 per-
cent of the total pepulation served by com-
munity systems.

While all publi¢c pystems do not treat ail
of the watér they supply to thelr customers,
they do employ & varlety of treatment proc-
essey. The current EPA Inventory of Public
Water Supplies indicates that the most
prevalent treatment processes are used to
control bacteriological contam!netion and
turbidity. The percentage of systems em-
Ploying the various treatment processes is
presented in Table 1-2.
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TapLe 1-1.—Distridution of community water aystems

Number of Total popula- Percent of

Bystam sies (persons served) watler systemns tion served  total population
(In thousandsy sarved
WO .. iicmaeans - .- 7,008 420 . 0.2
100 Lo 0,990 . - 20, 150 an, 514 20.8
10,000 £6 99,990 . _.eennmnnnniocan 2,588 61,428 3.6
100,000 end QVer ... ... ool veeemn e 243 T8, 4.4
MOt e vt e acrecemnnmme s enn — 40,000 177,450 100.0

Bource: EPA Inventory of Publio Water Bupplies (July 1973).

TABLE 1-2.—TREATMENT PaocEsixs EMPLOTID
BY COMMUNITY WATEE SYSTEMA

Treatment:
Aeratlon oo . 8
Prechlorination .-o.o.-. S T
Coagulation o cocacacmeaooaoo 1
Bedimenation ... B
Plitratlon _______ 2.

Boftening oo e neeaa 4.

3
b
0
8

.

Taste and odor control
Iron remMOVAl--Lecemo-o

=
E
E
R
et
)
=]
]
1
i
i
i
t
|
)
1
|
i
&

‘Percent&ges do not total 100 percent
since many systems have multlple treat-
ments, or no treatment.

Bource: EPA Inventory of Pubiic Water
Buppliea (July 1978).

Community water systems may be pub-
licly or privately owned. The majority, 568
percent, of the 40,000 community water sup-
plles are publicly owned and these systems
supply 88 percent of the total drinking water
production.

As jndicated earlier, 1t i3 estimeated that
there are approximately 200,000 public non-
community water systems. Most of these
systems are privately owned. Non-comtnue-
nity systems are found at service statlons,
motels, restaurants, rest areas, camp grounds,
State parke, beaches, national parks, na-
tional forests, dems, reservoirs, and other
locatlions frequented by the travelllng pub-
lic. SBome schools and tndustries are also in-
cluded in this category. Data on these Bys-
tems Are very &parse, and only rough c¢ost
estimates can be made.

The portion of the water supply Industry
considered here inecludes only those systems
which primarlly supply water for resjdentlal,
commercial, industrial and municipal use.
An eapproximate allocation of water use by
various categorles of users s shown in Table
1-3. As might be expected most of the water
dellvered, 83 percent, 1s for residential pur-

posea. The second largest use, industrial,
consumes 321 percent.

TABLE 1-3.—COMMUNITY WATER SurpPLY Usk

BY CATEGORY
Percentage
Type of usa: . of total
Residential
Commercial
Industrial
Municipal.

Bource: U.8. Geological Burvey Data (1972)

1.3 Costs to meet the interim primary
darinking water regulationa.

1.3.1 Monitoring cests, The implementa-
tion of the Interlm Primary Drinking Water
Regulations will require all public water ays-
tems to initiate a monitoring program to
determine that the maximum contaminant
level requirements of the regulations are not
exceeded in finished drinking water. The
costa assoclated with this monitaring activ-
ity are a function of system sizs, water
source, and ec¢lasslfication (community vs.
non-community).

There are two classes of monitoring costs,
routine rconitoring costs and non-compli-
ance monitoring costs, imposed by the in-
terlm regulations. Routine monijtoring costs
are those Incurred In meeting the sampling
requirerments of the Interim Primary Drink-
ing Water Regulations, to determine compli-~
ance with the regulations. Non-compllance
moultoring costs are those which are in-
curred when additional sampling must be
made If routine monltoring results indlicate
that a system 16 not in compllance with one
of more maximum contaminant Iimit,

The Interlm Primary Drinking Water
Regulations call for the monitoring of four
clasaes of contamination: inorganle, organie,
microblological, and turbidity. The routine
monitoring frequencles for community and
non-community systems are shown 1n
Tables 1-4 and 1-§.

TasLE 1-4.—Moniloring requirements: Community supplies; tnterim ;urimary drm’hnq
water regulalions’

Component

Deadlns for initlal sampling Testlng frequenecy

after affective date

1 Bupplies must colleet minimum required samples dunn%mh month after efective date. The number of sampla

vatad with the ayatem alte rom L to 540 samplea per mont)

. The Blate may reduce the sampling Irequency based on & sanitary survey of & aystem that serves lau than 1,000

persuns Irom & ground waler source, axcept that In no case shall it be reduced to less than one per Quart

interv

Th:l:nalyses shall be repeated at intarvals specified by the Btate but in Do event lesd hequentlythsn at &yr
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TABLE 1-5.—Montloring requirementa: Noncommunily supplies; inferim primary drinking
water regulations

Cnnpmm# Bysiem 1370 Dandline for Lnitlel gam- Tasting frequency
plog alter olectvs dale
Collform..oounneoreeeaeees Barface andgrovnd. . eeee. TFT___eeen. [ . %. iy 1
lnfr;ganjcm shemicals—nl- Surfacesnd grourd._ ... PR .- S, S <o Determined by the Giole.
tes only.
Tartddity. . .. . Scfeee ... . __________. Fi £, TN Dally

1 May be modlified by tie State based ou sanitary survey.

In developing routine monltoring costs,
the number of systems requlring routine
monitoring 8 fixed by the number of ground
and surface water supply systems In each
discrets alze range and the monitering fre-
quency prescribed by the regulations. There-
fore, the only variable in the cost equation
13 the price per analysis. This price will de-
pend on the Institutional arrangements
made by ¢ach system for analytical services.
At the present time some water suppllies per-
form their own analyses, while others de-
pend on State health agencles or private
commercial laboratories. The unit analytical
ccets dereloped for the monitoring costs
estimates are ns foliows:

Analysls: Coat range

83-10
T0-170
150-2680

The lower costs are basad on costs incurred
in EPA laboratories whils the higher costa
are based on commerclal laboratory esti-
mates,

In developing non-compliance monitoring
costs, the critleal variable 1s the number of

sdditional samples required when s pystem
exceedz & mmximum contaminant level
(MCL). The icterim reguiattons require a
miplmum of two check saemples when the
collform MCL is exceeded and at least three
repeat samples when gn inorganic or organic
MCL Is exceeded. In each Instance the
suppiter must continue the samplng prece-
dure untll two consecutive samples show
that the MCL !9 not exceeded. For coliform
viclatlons it i3 expected that from 2 to 8
speclel analyses may be needed. For organto
and inorganic violations it la expected that
from 3 to € speclnl analyses may be necessary,

The estlmated costs for routine and special
monitoring for publlc water eystems are
summarized in Table 1-8. In the first year
of tmplementation the annual costs are eX-
pected to fall in a range of §1¢ milHon to $30
million. By the end of the third yvear when
the non-commurity systems begin to monl-
tor, the annual monltoring costs will rise to
w range of $17 mlilllon to &34 millfon. These
monitering cost estimates do not reflect the
costs of existing monlitoring programs, Cur-
rent routine monitoring {s estimated at ap-
prowimately $10 milllon to §17 million
annually.

TasLe 1-6.—Total monitoring costs mandaied by the interim primary drinking woler
regulaiions

[In milllons of dollars)

18t year 2d year d yoar
Cost of routive monltariog for the 40,000 communliy systems 1 12.30-27.3 12.70-2 3 128258
Mcanitoring due to viclatlens of MCL for 40,0600 ccmmunity
Systes:

(t) Collferm vialatloa monltoring. ... 5020

(il) Inorganic riolatlon moniterng._ - __. 01~ .3
Rouline monttoring casts fof 200,000 publle systems 1. . ... ool iieieiaaea
Monltoring due to viclatlons of MCL for 200,000 publie

YT OITIS J o o e e e mmmm e mmmmeemmamemmmm e mm e mmmmaemmnnn—a

- R 14 00-80. 0

t Annual 60sts beginning the 15t yoaraticr implementatton af the regolations.
* Annual coss beginning the 3d year after impiementaton of the regulations.
+ Total monitonng costs due Lo violaUouns spread aver a 5-yr period.

Note.— Total: niay not add due to rounding.

1.3.2 Treatment costs. Once the monltor-
ing program !s Inltiated, some systems will
find that they exceed one or more marimum
contaminant levels (MCL). These systems
will then be faced with an additional cost in
order to meet the required MCL. There are
peveral slternative routes which a system
¢an pursue in order to comply with the
Regulations. Some of the alternatives in-
clude:

1. Installlng treatmeont facllities capabla of
reducing the MCL to an acceptable level;

2. Developlng s new source of supply of
better quality;

8. Purchasing better quality water from
enother water utllity; or

4. Merglng the gystem with one or more
adjolning systems which have a higher
quallty supply.

If none of the above are feaslble, a system

.. can apply for a varlance or exemption to the
MCL - under the provisions of the Interim
Primary Regulations. Therefore, the costs in-
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curred by e water supply In reducing the
concentration of & contam!nant to an ac-
ceptable level are site specific and will de-
pend on such factors as, treatment facilitios
avallable, age of system, proximity of other
suppliers, source of water, and Iany uthEr
inter-related problemms.

However, in projecting natlonal coats for
treatment the option of installing treatment
factlities was assumed to be the method sys-
tems would select to provide safe drink.lng
water.

The following basic assumptiona are im-
plicit in developing costs for the treatment
optiona:

1. Surface water systems not presently
clarifying will install some form of Altration;

2. Approximately 30 percent of the com-=
munity water systems not presently dlsin-
fecting will install ehlorination unita:

3. Advanced treatment 13 necessary to re-

move 1norganics;
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4. Estimates of the numbser of MCL vicfa-
tions were based om 1089 Community Water
Supply Btudy, exeept for mercury. Mercury
violations were based pn recent EPA studies.

The national treatment cests for public
water systems are sumunarized in Tahle 1-T.
The majorlty of posta if ell systems elect to
treat for contaminant wiolatioks, will be in-
curred in order to mest the turbldity and 1n-~
organit requiremesnts of the intartm regute-
tiond. Ranges were devsloped for capital coste

RULES AND REDULATIONS

only, This range 18 based on making two &s-
sumptions far dally flow. If a system were
required to install treatment, It would have
to conslder sizing fthelr new components to
reflect average dally fiow conditions or maxi-
mum delly flow conditions in cfmes where
aystem storage 18 not sdequet:. Whatevez
svizing option a system selectsd it 13 unlikely
that significant additional operation and
mnlntenanc? expenses would result.

Tante 1-7.—National coata of trealing conlaminanis in drinking waler

Ta millions of dollars]

Treatment technology Contam!nant Capital costs Anonus! opazetion

and malatenans

o

Community systems:

Clarlfies ony:s_'f. ............... 483 189
Chlorinstion, 17- 27 7
Jon Exchangs..... Ba, Cr Cd N0z Hg, 8a. 815 997 53
Activated alamina, [m fuoordde. ... Bl- 58 11
pHOontrol, .o P e 3 4 .
Bubtotal .. ___. ... .. A AEAmE e meimmwm— . mcaemmnsaan as 14-1TH 359
10 1
Chlornston ... ocooeoeaaa o camaens Coliform. 14 3
Subtotal ..__.... emeommen e o —on o tmraann mnnnemaasemaneaeeee 2 i
................... — 1073-1768 283

NoTE.—Totals tay not sdd dus to rounding.

1.4 Eeonomic {mpact of the interdm pri-
maory drinking water regulations

“The expenditures required to comply with
the Interim Primary Regulations will have
an impact on al! water users served by publie
water supplies covered by the Bafe Drinking
‘Water Act. All persons served by these sys-
tems will feel the Impact of monitoring costs
to some extent. However, the most notlceable
impact of the regulations will be on users
of public water systems that do not meet the
MCL requirements of the regulations.

An estimate of the totel Bnnual costs of
capital, operation and malntenance, and
monlitoring necessary to comply with the
Regulations {8 shown In Table 1-8.

TABLE 1-8-~~ESTIMATED ToTAL ANNUAL CoO8TS
oF IMPLEMENTING THE INTERIM PRIARY
DRINKING WATER REGULATIONS FOR PUBLIC
WATER SUPPLY SYSTEMS IN MILLIONS OF
DOLLARS ?

Annual eapltal* ... -

Annual cperation and maintenance., 283
Armnusal monitoring (routine onty)..  17-36
Total annual__._______ [P 433846

t 1976 dollars.
1 Assumes capitel costs amortlzed over 15
years at 7-percent interest.

141 Water supply economics. The price
consumers pay for water ls determined, in
general, by costs the utllity incurs to operate
and malntaln the system. However, some pub-
licly-ownied water systerns may have thelr
costs and revenues conglomerated with the
cost of other municlpal services, and the
water- bill patd by the consumer may not
completely reflect the status of the water
system alone.

Water system rate structures vary from
gystem to eystem, and may also differ for
vartous user classes within the same system.
There are four basic types of rate Etruc-
tures which are used around the country.
Bome systems use s “normal block™ siruc-
ture which results !n lower unit costs to
customers that use high volumes of water.
In the “inverted block” structure, higher
units costs are lmposed upon customers who
use higher volumea of water. Under a "fat™”
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rate structure, there I8 one single charge per
unit Tor &1l customers regardless of use. (en-
erally, the 8at rate structure appliea to resl-
dential customers only. Finally, in the "non-
incremental” rate structure, the unit cost of
water is based on the number of water con-
suinption units owned by the user.

Prices charged for water are usually reg-
ulated by & State or loeal commlission ap-
peinted to evaluate the need for rate hikes.
In most States, investor-owned utilitles are
under the Jurisdiction of State regulatary
comamissions. Publi¢cly-owned utilitiea are
either regulated by local boards or are un-
regulated. Any lengthy lag tlme between rate
increase requesta and rate increase approvals
mAay pose problams in the 1mplementa.tlon of
the Interlm regulations.

Most woter utilitles, both publle A -

vate, finance large capital inv- & (ments by
retalning profits or acqulanfL; debt. Publicly-

owned, systems may have ac uzee 0. m:mlclpal:
funds or can sell either genersl obligation of '

revenue bonds to be repald from general rav~
enues or water revenues. Private, investor-
owned aystems may issua stocks and bonds,
and unlike publicly-owned systems, thelr
credit ratlngs are dependent on the profita-
bllity of thelr own operations, Since interest
rates are generally proportional to risk, water
utilitles In more secure finaencial positions
can borrow money ot lower Interest rates. At

tbe present time the interest rates on mu-

nlclpal bonds 18 46 percent while the rate
for debt 1ssues of private-owned utillties is
8-8 percent.

In the water industry there does not seem
to be n correlation between present debt lay-
els and long-term financial soundness, Al-
though s majority of water systems today
have debt rat!os ranging upward from 40
Percent, almost one-fourth of the water ays-
tems are presently debt-free. Approximately
85 percent of these debt free systems serve
communlties of less than 5,000 people. How-
ever, many of these small systems da Dot
have a positive net income, while larger
water pystems with high debt to hook value
ratica do heve positive net income.

Records Indicate that per ¢aplta consump-
tlon of water tends to decrease following
significant incresses in weter rates. Among

59385

imetividual users the deécrease would occur
where there !s a high elasticity of demand;
®g., lawn sprinkilng. Industrial snd com=-
merclal users have shown na elasticity to
price Incresses. If demand declines sharply
afrter inltial rate hlkes and total reverues 4o
not lncrease énough to cover increased post,
a sécond rate lucrease may be neoessary.
14.2 Per capita costs. Monitoring costs
vATY with the size of the water system In-
valved. The number of zamples for routine
bacteriolagicRl menitoring s & funoticz of
the number of persons served. For ¢ommu-

nity supplies the number of samples can’

range from a mirimum of 1 sample per quar-
ter for systams serving 2000 peopla or less
to 8 maxlmum of 500 samples per month for
systeme serving more than 4,800,000 people.
For non-community suppliea only one sample
per quarter Is required.

In general, the annual impact ot routing
chemlical monltering will vary depending on
the Ifrequency of sampHng ratber than the
number of samples. The frequency of sam-~
pHUng will depend on the Bsystem type:
ground water va. surface water; gmnnrunity
pysteTm v5. mon-community, Tha annual
monitoring costs on & per capita basls are
shown in Table 1-5. The per caplts costd
for the smallest community system (236 per=-
sons gerved) are high in comparison to
other system sizes. However, thera are very
few systems {n this eategory and the Hteates
may deslre to enter into [nstitutional ar-
rangements to lessen thelr ammunl menitor-
ing burden.

TABLE 1-B.—dnnual monidordng cosato per
porsom served vevdus pystemn size and
type For communiiy water systen

. Bestem type
Eystem slze -

Burface ‘Ground
25 £7. 2031505 $3-35-27.08
100 1.80- 3.75 8- 178

500 T Y 1% L3
1,000 s PR J10- .20
o_RCJ .15~ * .80 T = 10
5, 000 JA0- LB L05- |18
10,000 L10- .20 05- .15
100, 000 0 .15 J05- 15
. 000, 0G0 (- 06 (N= .8

10, GO0, J60 PEU B 4

- +"Legs than ULIT. -

However, treat:meu.. €o3ts may be respon-
gible for much higher per capits cost in-
creases than monltoring costs. As indicated
carller, publlc water systems not meeting
the MCL requlrements of the Interim regu-
lations will Incur the major cost burden, Tha
impaet of the treaiment costs wlill also vary
with the slze of the water system Invdlved.
Table 1-10 summarizes the treatment costa
a8 they nffect systems of different slzes.

It should be pointed ocut that the per
capita costs dlsplayed In Table 1-10 mre
welghted averages. Treatment costs have been
welghted by the projected frequency of ths
various treatment techniques within each
alze subcategory. By it3 nature, the weighted
average does not give a true representation
of the costs to a particular consumer, In all
categories, there are five treatments possible
with a wide varlation In coSts. In Tahle 1-11,
the range of mnnual per capita monitoring
and treatment costs are presented. From this
table it can be seen thst the annusl per
capita treatment costs for disinfection are
expected to range from $3.85 to 82.10 Lo the
Smallest spstem category, from £2.76 to 60.30
In the 8mall system category and eo on.
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Smallest gyn- Bmall systemns Med.lum stems Large syztems
tems (23 to 9 {100 ta 9,000 {10,000 t:yﬂﬁ,‘?gﬂ (aver 100,000
Toople sarved)  Deople sarved)  peopls served)  people served)
Annual enpital costs (I wilions). . ... $0.50- 3840 60.20010L 40 43280 gER 10 50-851, 20
Annual operation nnd maintepancs costa ) s 0
dnmillonsy . . ... ... —_ . 210 44, 60 74.10 184,10
Annwal monitoring costa {In milions) .30~ .80 & 1.3 1.20- 2.%0 1.80- 32,80
Total annual costs (In millions)... a.20- 8,10 109, 40- 181, B0 . 137.€3- 18070 165. 50~ 188. 20
§7.00- 5400 11.00- 1400 0.00 - 1200 10.00- 11.00

Welghted averae cost per eal:m per year..

Increase {0 household monthly water hill 3,

0.00- 1405 285~ 365 23~ 8.0 2, 56=

2%

I Assumes 3.1 persons per househald and that all increases In gosis are paszad on to the consumer.

TanLE 1-11.—AnAual per oapita treatment and monftoring cost ranges for § alze

categories
Smallest ays-  Bmall s¥Sterns  * Medium gys- Largest systems
temns {25 to (9 (100 to 6,999 tamgs (10,000 te (over 100,000
poople served)  people served) 09,099 peopls  people served)
earved)
Treatment: !
Daatnfecton. ... ... 13.5% 32.10 2. 75-%0. 30 0. 45-20.15 <30.25
Turbidity control._....._ 152 Q0= &2 00 78. 00-19, 00 20.00-12. 50 <15.00
Heavy metal removal ... 237.00-101. 00 142. 00~25. 50 35, 00-13, 00 <1802
Lead control ....couecanas 2.60- 1.20 1.80- 30 .40- .20 s .80
Fluonduarsen.le removal. .. 11.80- 7.8 11.30- 8.15 &00- 8,15 3.55
MODITOTNE o ee aescemmmamemmremmscmmmaan 15.80- .B5 3.75- .05 .20~ .05 <1

¢ Lower cost imlt based on assumption that treatment plant bullt to ireat average dally demand and apper eost
limit based on mazimum dally demand, except for the 5mnl.lest systemns calegory where costs are based on averaga

dally demand anly-

143 Impact analysis. As Table 1-10 and
Table 1-11 demonstrate, the potentially most
revere impact could occur for users of the
smallest or small systems, Assuming that
treatment and monitoring costs are dirsctly
passed on to the consumer, the monthly
water blll for a household in the smaliest
systermns, may Increass on the average between
810 and §l4.

.However, a3 noted esarller, these systems
may ch0wse not to lnstall treatment faclli-
ties in order ¢.-comply with the regulations.
Several options are..pyailable %0 them:

1. Developing a new,- less conmn‘t‘mted
source; .
2. Joining & reglonal system'

3. Purchasing treated water; or

4. Blending water from existing source with
water of higher quality,

The exemption and variance provisions of
the Act provide for temporary Lmmunity
from the reguanltions on the . baniz: of. eco-

-nom.lc hardshlp or technlcal-"GiMculties. Fod-

eral 16411 PFOZBIMS. IPRY 4ls0 ense the Impact
on users of small systems. The Farmers Home
Adminlstration sponsors a loan and grant
program to ald the flnancing of water and
sewer systém construction in smali commu=-
nities, The loans are offered st low interest
rates and with long repayment schedules, The
Sate Drinking Water Act also authorlzes a
loan guarantep program for small systems.
These programs will reduce communlty costs,
but they will not completely: mitigate the
possibllity of blgh cost Lnpacts on house-
holds In small aystems.

Tt 13 not certaln how systeras wil finance
the costs assoclated with these regulations—
elther through higher taxes or higher water
rates—but it is certaln that ‘the Interim
Drinking Water Regulations will have the
gratest mpact on those served by smaller
water systems. Further study 1s underway to
determine If inancing will be s serious prob-
lem for large or small systerms.

At the ptesent time EPA belleves that the
economic lmpact of the construction require-
ments will be spread over at least a four-year
'penod, from the promulgation of the regu-

lations because the regulations will not re-
sult in immediate compliance. The effective

" date of the regulations will be 18 months

after promulgation. Non-compliance meay not
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be discovered until initial sampling has heen
completed. For community water supplles
the deadlines for initia] sampling range from
1 day for turbidity to 2 years for inorganlc
samples of ground water systems after the
effective date. Therefore, In some cases,
more than 3 years from promulgation could
elapse hefore inorganic viclations would be
detected and correctlye actions Initiated. In
addition the use of the exemption or varl«
ance provisions o©f the regulatlons could
further prolong compliance for public water
systems uneble to comply for economlic or
technlesl reasons.

It 1s estimated that the jnvestor-owned
water systems will pay approxlmately one-
fourtih .1 wie total treatment.costs, while the
publlcly-owied companles would pay the re-
mainder. Howev. r. 5ince many of the {n-
vestor-owned syste M3 serve very emall popu-
lations, the capital! lemands on these eysterns
, could be.grat..

In ‘1874, the water supply industry fpent
approximately 81.5 billlon for capital im-
provements. The average yearily total annual
capltal costs mandated by the Interlm Pri-

mary Regulations are estimated te be about
13 to 24 percent of this flgure. It is antici-
pated that the industry as a whole would be
able to ralse the ndditional necessary caplital.
Small systems could eancounter difficulty in
finencing new treatmert facllitles, particu-
larly when clarification, a relatively expen-
sive treatment process, 1s required. The im-
plementation of these Regulations may force
many communitles to allocate funds, which
may be needed to provide other eervices to
the community, for the treatment of their
drinking water.

Data on non-community systems is sparse.
However, it i3 not anticipated that these
regulations will have g serlous economic im-
pact on them.

The macroeconomlc effects of the Interim
Primary Drinking Water Regulations are ex-
pected to be minimal. On the average, the
regulations will cause an increase In water
rates of P.6 percent spread over several years.
If this {ncrease occurred ln one year, the
resulting lncrease In the Consumer Price In-
dex {CPI) would be less than 0.001 percent.
Slnce the costs of these regulations will be
incurred over eeveral years, the average an-
nual increase in the CPI will be even less.

- 94

The Chase Econometric model was used to
examine the impact of all existing pollution
ebatament regulations.! The apalysis showed
that there wlll be an Average annusal increase
in the CPI for 1874 to 1980 of less than 0.1
percent due to thesSs pollution abatement
regulations.

1.6 Constratnts to tmplementation of the
interim primary drinking waier regulations.
The Implementation of the National ITnterim
Primery Drinking Water Regulations within
e reasonable time frame would greatly de-
pend on the availabllity of key chemicals
and supplies peeded In the treatment of
drinking water; availabllity of manpower to
operate treatment factlities; adequate labora-
tory capabllity to conduct sample analyses;
and sufficlent supply of engineering and con-
struction services to huud or improve treat-
ment faclllities.

In particular, the Interim Regulations will
incresse demand for coagulants and disin-
fecting agents as the needed treatment facll-
ltles are completed. An Increased demand
could cause some temporary dislocations in
chemical markets, but In the long-run, in-
creased demand will result In an expansion
of supplies. It 1s projected that tho 10880
demand for ferric chloride may reach 115 to
120 percent of the present productton, while
alum demand will be approximately 115 per-
cent of current production. There Is a general
consensus of opinion that organic polyelec-
trolytes will become the dominant flocculat-
ing agents in the future., However, there
are no rellable estimates of which polyelec-
trolyte(s) will be dominant and when 'tbe
shlft {n chemical usage will occur. -

At the present time there are approxi-
mately 189,000 people employed {n the water
supply industry. With the implementation
of the Interlm Primary Drinking Water Regu-
lations between 13,000 and 27,000 additignal
personnel would be needed nationwide. These
personnel would be required to perform such
tasks a8 monitoring and enforcing the Regu-
latlons, operating the required treatment
faclities, performing laboratory analysis of
water samples, program assistance and pro-
gram edministration. It {8 anticipated that
water systems may bhave difficulty hiring
qualified personnel.

The third potential constraint Is In the
avallabllity of sdequate laboratorles to per-
form the required chemical and hlological

analyses. Coliform monitoring 1s now being - -

performed at State, local and private labora-
torles. In meeting the coliform monltoring
requirements, water suppllers should not
have dificulty findlng laboratory facilities.
At the present time thére Is 1ilttle routine
monitering belng done for heavy metals and
organic compounds of concern tn the Regu-
lations. However, there are adequate num-
bers of public and private laboratorles capa-
ble of performing thess analyses although
State certlfication of laboratorles, required
by the regulations, could constraln avallable
laboratory facllitles.

The final area Wwhere constralnts could
occur 15 In the design and construction of the
required treatment facilities. Although.the
annual cost of required new constructlon
represents less than 0.4 percent of the present
total annual new construction |n the United
States, deslgn and construction of new warter
treatment plants Is highly speciallzed. Some
communlities, especlally those in rural areas,
may have difficulty obtalning these services

due to thelr expense or unavallablllity.

1 Chase Econometric Assoclates, Inec. "The
Macroeconomic Impacts of Federal Pollution
Control Programs,’” prepared for the Counchl
of Environmental Quality and the Environ-
mental Protection Agency, January 1876.
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1.8 Limits of the analysis, In developing
the cost estlmates used in this atudy, it was
nocessary to use several slmplifylng assump-
tions. This section explores these assumptions
and what their overall impact might be.

The first assumption s that there &re
40,000 cominuhity water supply aystems 1o
the nation and that they sre represented
aceurately by the current EPA inventory of
community water supply spetems. There is
some evidence that when the lnventory is

tompleted there wlli be u total of 50,000 com- _

munity systems rather than the eatimated
40.000. This lncrease !n systems would cause
an increase in monitoring costs of about 12
percent and a similar increase {n treatment

 costs.

All costs for public non-community sys-
tems were based on the assumption that
there are 200,000 of these systama natlonwide.
At the present time there i35 no accurate In-
ventory of these systems, thus, this number
13 solely mn estimate. It 18 antlcipated that
the EPA will be performing an Inventory of

these systems 1o the next few years 8o that .

thege estimates can be updated.

A major consideration not used In de-
veloping treatment costs 1s that many 8ys-
tems may use alternative water roanagement
practices rather than install more costly
treatment processes when they exceed an
MCL requirement. For example, ground water

‘gystems might blend water from e “clean’”

well with that from a “dirty” well so that the
resultant water wil not exceed the MCL.
Simllarly, no estimate is possible to deter-

mine the possible benefits which might re-

sult from cascadlng treatment processes. An
example of this 1s that clerification untts
might remove enough heavy metals 60 that
the MCL might not be exceeded. These trept-
ment alternatives would vary from rite to
site so that it {s Impossible to quantlly the

_benefits which would be derived.

17 Energy use. It 15 estimated that ap-

proximately 21,200 billlon BTU’s per vear

will be required to operate plants and pro-
duce chemicals for the varlous treatment
systems necessary for the 40,000 community
systems to meet the repulations. This I3

_about 0,028 percent of the 1873 national

energy consumption, based on the 1974 Sta-
tistieal Abstract. The increase in energy use

. will depend on a numbet of factors, lncjud-
_Ing whetber pollution In surface jources

of waters ls successfully comtrolled There
will be no direct energy savings from the
recomrmended action.

[FR Doc.75-33836 Flled 12-23-75:;8:45 am]

PART 141—NATIONAL INTERIM PRIMARY
DRINKING WATER REGULATIONS

Subpart E—Special Monitoring Regulations
for Organic Chemicals

Pursuent to Sections 1445(a) and
1450(e) (1) of the Public Health Service
Act, as amended by the Safe Drinking
Water Act, Pub. L. 93-523, the Admin-
istrator of the Environmental Protec-
tlon Agency herehy issues a new 40 CFR
141, Subpart E, to become effective im-
mediately. Thls subpart establishes
sampling, monitoring, testing and other
requirements applicable to designated
public water systems fer the purpose of
providing data for the establishment of
maximum contaminant levels of organic
contaminants in drinking water.

Concurrently with this publicatlon,
EPA Is promulgating Natlonal. Interim
Primary Drinking Water Regulations

under the authority of the Safe Drink-
Ing Water Act (“SDWA"). Those regu-
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lations eontain maximum econtaminant
jevels, monitoring frequencies and ana-
lytical procedures for microbiological
contaminants, turbidity, and selected
inorganic snd organic chemicals. "The
Interim Primary Drinking Water Regu-
latlons are to become efective 18 months
after promulgation. :

EPA {5 emharking on an intensive re-
search prograin to Bnd answers to the
following questions:

1. What are the effects of commonly
occurring erganic compounds:on human
health?

2. What analytlcal procedures should
be used to monitor finished drinking
water to assure that any Primary Drink-
ing Water Regulations dealing with or-
ganlcs are met?

3. Beoause some. of these organic
compounds are. formed during water
treatment, what changes In treatment
prectices are required to minimize the
formation of these compounds In treated
water? ’

4, What treatment technology must
be applied to reduce contaminant levels
to concentrations that may be specified
in the Primary Drinking Water Regula-
tions? .

This research will involve health-ef-
fects and epldemiological studles, in-
vestigations of analytical methodology,
and pllot plant and field studies of ar-
ganic removal unit processes. Some
phases of the research are to be com-~
pleted by the end of -.this year, while
much of the remainder are to be com-
pleted within the next calendar year.

Subpart E is intended to provide B
rapid means of obtaining data In sup-
port of the possible establishment of
additional maximum contaminant levels
for organic chemical contaminants of
drinking water, either as individual
compounds or groups of ccmpounds.
These regulations will form the basis of
8 wide-ranging mmonitoring and analyti-
cal study to he performed by EPA In
conjunction with the States and deslg-
nated particlpating public water sys-
tems. These regulations will also gen-
erate information on the occurrence of
potentially hazardous organic chemieals
in a cross-section of public water sys-
tems covering a substantial portion of
the population of the Unlted States and
representing various types of drinking
water sources anc treatmznt processes.
They will provide information which is
currently lacking on the actual distri-
butlon of a number of organic chemicals

.and will make it possible for EPA to al-

tempt to correlate the presence of these
chemicals with the results of  several
general and chemical group analytical
procedures. This Information will aid in
the development of future primary
drinking water regulations.

The recently completed National Or-
ganics Reconnalssance Survey (NORS)
reported detectlon of six volatlle organic
compounds in -a sampling of 80 citles,
Extensive additional gas chromato-
graphic/mass - spectrometric
were performed cn 10 of these 80 water
systems. However, these were one-time
samples and therefore do not indicate

analyses,
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seasonal efects on drinking water qual-
ity nor any other temporary factors’
such as intermittent discharge or the
long term effects .of treatment appli-
cations in controlllng filnished water
quallity, The special study ‘covered by
these regulations was derived, In part,
from the preliminary results obtained in
the NORS Burvey and is intended to' re-
spond to:many of the questions which it
ralsed so that the appropriate regula«
tory actions may be determined. Many
of the systems from the previous survey
will be resampled several. times during
this period #o provide an indication of
longer-term and seasonal variatlens in
the quality of drinking water.

This study will include analyses for
approximately 20 specific organic oom-
pounds deemed to be candidates for par-
ticular concern, and analyses of & surro-
gate group chemical parameters which
are indicators of the total amount of
organic contamination. Several of these
surrogate procedures show promise as
indicators of specific familles of com-

- pounds such as chlorinated (halogen-

ated) organies or aromatic compounds.
They also show promise as practical
methods which could be developed and
widely applied for survelllance and qual-
ity control of drinking water in many
water systems, particularly those pubife
water systems which are not large
enough to be financially capable of pro-

.vlding hlghly sophisticated computerized

gas chromatographic/mass spectromet-
ric analyses. ’

In order to assure a rapid and efficlent
method of providing data of uniform and
assured quallty, EPA will assume the
principal responsibility for analysls and
evaluation of the water samples taken by
the designated public water svstems. The
water systems involved may be required
to provide background information and
follow-up Investigatlon as necessary.

EPA feels that this monitoring study,
In conjunction with Its other substantial
research efforts, will provide the basis
for a coherent and rational approach to
the control of organic chemical contamli-
nation of public water systems.

Good eause exists for promulgation of
these regulations without first asking for
comment on them, In vlew of the wide~
spread public concern, the need to move
as quickly as possible to carry out the
Congresslonal mandate to deal with or-
genlc chemicals, and In vlew of the fact
that the burden imposed on deslgnated
public water systems is llmited. )

Onreanic CiiEmicars To BE SURVEYED

The basic monitoring study will he
completed within one year and will in-
volve multiple samplings from each des-
ignated gystem. Water samples and con-
centrates will he collected on site and
shipped to EPA leboratories for analysis.

‘The study will consist of analyses for
a niumber of organic compounds and 6.
surrogates in approximately 100 public
water systems in the United States.
Many of the compounds to be selected
for inclusion In this study will be halog-
enated and aromatic organic com-
pounds. Virtually no chlorinated arganic

FEDERAL REQISTER, VOL. 40, NO. 248-—WEDNESDAY, DECEMBER 24, 1975

95



09588

compounds are known to occur naturally
in fresh water. Many are considered to be
liver toxina and/or potential carcinogens
in some concentration. It would be ex-
pected that any chlorinated organic
compounds. found In drinking water
would have been generated efther from
industrial menufacturing operations, ag-
ricultural operations, or during chlorina-
tion of water for the purpose of disinfec-
tion. Many aromatic compounds are also
considered to be chronic toxicants and
some have been shown to be carcinogens
In test systems such as animal feeding.
Aromatic compounds might also reach
drinking water systems from Industrial
sources, urban surface runoff, or from
atmospheric fallout of materials gener-
ated during combustion processes. Other
possible candidates include aromatic
amines and nitrosamines.

The compounds to be studied are being
selected on the basis of available toxicity
data, information on possible occurrence
in public water systems with significant
frequency, and the availabllity of prac-
tical analytical methods for identifica-
tlon and gquantification. They may in-
clude: benzene: carbon tetrachloride:
p-dichlorobenzene; vinyl chloride; 1, 2,
4-trichlorobenzene; bis-(2-chloroethyl)
ether; 1, 1, 2-trichloroethylene; 2, 4-ai-
chlorophenol; flyoranthene; 11, 12-ben-
zofluoranthene; 3, 4-benzofluorarthene:
1, 12-henzoperylene; 3, 4-benzopyrene:
Indeno (1, 2, 3-cd) pyrene; chloroform;
bromodichloromethane; bromoform; 1,
2-dichloroethane; polychlorinated bi-
phenyls; and pentachlorophenocl. Addi-
tional studies will be performed on
aromatic amines (eg. benzidine) and
nitrosamines,

In addition to the analyses of specific
combounds, a number of analyses of gen-
eral organic indicators will be performed
in erder to determine possible relation-
ships between the presence of the spe-
cific chemicals and certain general surro-
gate analytic procedures which should
be more applicable for routine monitor-
ing in public water systems. The follow-
ing general indieators will be used:

(1} Total Organic Carbon analysis
offers promise as a general orgenle

* measurement parameter for -drinking
water and is already widely accepted in
the area of waste treatment organics
monitoring. The procedure indicates the
total amount of organically bound carbon
present in the sample and is not selective
among types of compounds. The tech-
nique essentially consists of oxidation of
the organic chemicals in & water sample
to carbon dloxide which is either quanti-
fied directly or converted to methane
which is then quantified. Sample collec-
tion is simple, analysis is rapid (10 min-
utes) and may be automated, cost per
sample is low, and Interference from in-
organic carbon can be avoided. Rellable
and accurate instrumentation is now be-
coming avallable for application of this
procedure to drinking water.

(20 The Ultraviolet and Fluorescence
Spectroscopic methods, which primarily
indicate the presence of aromstic com-
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-pounds. The advantages of thesa methods

are sampling simplicity, the small sam-
ple size required, and the speed and low
cost per sample, -

(3) Color analyses, which are rela-
tively simple and rapid methods which
may incdicate the presence of certain
organic compound types, particularly
humic substances. Bome recent data in-
dicate that o relatively . quantitative
relationship may exist between color in-
tensity and ths quantity of humlic sub-
stances which represent the largest por-
tion of dissolved organic chemicals in
some waters. ‘

(4) Total Organic Chlorine analyses,
which offer promise for rapid, accurate
indication of the presence of &£ll chlorine-

contalning organic compounds. This pro--

cedure involves oxldatlon of the hale-
organics in a water sample followed by
microcoulometric gquantification. The
analysis 18 rapid efter sample concentra-
tion. The presént apparatus has not gen-
erally been applied to drinking water, but
EPA is conducting & concurrent program
to develop the application so that this
potentinlly important method may be
utilized in this monitoring study.

(5} The Carbon-Chloroform Extract
procedure (CCE), which consists of pas-
sage of 60 liters of water through & car-
bon column at a constant rate for 48
hours. The corbon adsorbant is then ex-
tracted with refluxing chloroform fol-
lowed by removal of most of the chloro-
form and evaporation of the residue to
constant weight. The entire analytical
process requires about 6 days for com-
pletion and the concentrates represent
something less than 10% of the total
organics content of the sampled water.
Therefore, CCE is not amenahble to on-
line process control monitoring. However,
in this study, this CCE data and histori-
cal CCE data will be interrelated with
specifle compound analyses and the other
surrogate analyses, to designate the opti-
mum monitoring imethodologies for fleld
use which are most indicative of the pres-
ence.of those organic compounds which
potentlally pose risks to human health.

Qther methods of sample collection and
concentration which are being evaluated
for this and concurrent studies include
the use of macroreticular resins which
have shown promise for application to
drinking water analytical technelogy.

Within two weeks from the publication
of this subpart, in consultation with the
States, EPA will deslgnate approximately
100 public water s¥stems for inclusion in
the special monitoring program for or-
ganic chemicals. The systems will be se-
lected to represent each major type of
water supply (rivers, impoundments and
ground watber), quality of water, rreat-
ment, region and population size. Most of
the systems should serve large metropoli-
tan areas, but some may be small enough
to be representative of the water types
and problems assoclated with smaller
systems. The number of systems to be
selected will be sufficlent to permit an
eveluation of the relationship of specific
contaminant concentrations to several
general organic parameters,

EPA in consultation with the State will
work closely with each systemr to nssure
that proper sampling technlques are
used. In addition, when preliminary re-
sults indicate that' a potentially harmfu}
organic chemlceal is present in slgnificant
amounta in a particular water system,
EPA and the State will consult with the
systemn and provide technical advice and
assistance where appropriate. In some
cases, it may Be possible to-identify-a
particular point source which is caus-
ing serious contamination of a public
water system, or to determine that ad-
ditlonal treatment should be installed
by a system without walting for the na-
tionwide survey results. .

For the reasons given ahove, Chapter
40 of the Code of Federal Regulations is
hereby amended by adding Subpart E to
Part 141, as follows. The new regulations
teke effect December 24, 1975,

Dated: December 10, 1975.

RUsSELL E. TRAIN.
Administrator.

§ 141.40 Special monitoring for organlc
- chemicals.

() The Administrator may deslgnate,
by publication in the FEDERAL RECISTER,
publie water systems which are required
to take water samples, provide Informa-
tion, and in appropriate cases analyze
water samples for the purpose of provid-
ing Information on contamination of
drinking water sources and of treated
water by organic chemicals.

(b) The Administrator shall provide to
each pubHe system dssignated pursuant
to paragraph (a) of this section a written
schedule for the sampling of source water
or treated water by the system, with
written instructions for the sampling
methods and for handling of samnples.
The schedule may designate the loca-
tions.or types of locations to be sampled.

(c), In cases where the puhblic water
system has a laborato:y capable of ana-
Iyzing samples for constituents specified
by the Administrator, the Administrator
may require analyses to be made by the
public water system for submission to
EPA,.If the Administrator requires the
analyses to be made by the public water
system, he shall provide the systein with
written instructions as to the analytical
procedures to be followed, or with refer-
ences to technical documents describing
the analytical procedures.

(d) Publlic water systems designated
by the Administrator pursuant to para-
graph (a) of thls section’shall provide
to the Adminlstrator, upon request, in-
formation to be used in the evaluation of
pnalytical results, including records of
previous monltoring and analyses, Infor-
mation on possible sourees of contamina-
tlon and treatment techniques used by
the system.

(Becs, 1445 and 1450 of the Public Health
Bervice Act, 80 Otat. 1860 (42 0.3.C. 300)-4
and 3003-0))

{FR Doc.75-33837 Filed 13-23-75,8:46 am|
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Title 46-——Protection of Environment

CHAPTER 1—ENVIRONMENTAL
PROTECTION AGENGY

[FRL 552-2)

PART 141—INTERIM PR{MARY
DRINKING -WATER REGULATIONS

Promulgation of Regulations on
Radionuclides

On August 14, 1975, the Environmental
Protection Agency (EPA) proposed na-
tional interim primary drinking water
rezulatlons for radioactivity pursuant to
sections 1412, 1445, and 1450 of the Pub-
lic Health Service Act ¢“the Act'), as
amended by the Bafe Drinking Water
Act, Pub. L. 93-523, 40 FR 34324. Numer-
ous written comments on the proposed
regulations were received, and a public
hearing was held in Washington on Sep-
tember 10, 19715. .

The regulalions for radioactivity are
hereby promulgated in final form. A
number of changes have been made-(n
the proposed regulations in response to
comments recelved. These changes repre-
sent efforts to clarlify what are neces-
sarily technical and complex provisions
and to make monlitoring requirements
more realistic. The proposed maximum
contaminant levels for radjonuclides
have been retained as proposed,

The comments received on the pro-
posed regulations nnd EPA's response to
those comments are discussed in detall
in Appendix A. The promulgated radio-
nuclides regulations and Appendix A
should be read in the context of the na-
tional Interim primary drinking water
regulations as a whole. The regulations
concerning mircroblological, chemical
and physical maximum contaminant
levels, and related regulations dealing
with public notification of violatlons and
reports and record-keeping by public
water systems, were promulgated on De-
cember 24, 1975, 40 FR 59566.

The balance of this preamble discusses
briefly the five major issues highlighted
in the preamble to tlie proposed radio-
nuclides regulations, and lists in sum-
‘nary forin the changes made in the pro-
posed regulations.

The preamble of the proposed regula-
tions lsted flve issues on which com-
ment was particularly requested:

1. The number and location of the
public water systems Impacted by the
proposed maximum contaminant levels
15r radionuclides. .

2. The number and location of water
supplies requiring radium analysis at
the proposed 2 pCi/Aiter gross-alpha-
particle-activity screening level.

3. The estlmated preliminary assess-
ments of the costs and technology for
radium removal.

4. The validity and appropriateness of
an ageregate dose method for setting
maxbnum contaminant levels,

5. The acceptability of & maximum
contaminant level for radium of 5 pCl/
liter as opposed ta 8 higher or lower lewel

Public Waler Systems Impacted:® Lit-
tle slgnificant Information was provided
with respect to the number of comunu-
nity water systems that may exceed the
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proposed maximum contaminant levels.
The State of Texas did report that 13
community water systems in tha! State
would exceed the 5 pCl limit for radlum:
EPA estimated in tii¢c preamble to the
proposed regulations that a total of ap-
proximately 5080 of the Nation’'s commu-
nity water systems would exceed the pro-
posed radium Umit. It is likely that rela-
tively few community water systems cur-
rently exceed the proposed maximum
contaminant levels for elther gross alpha
particle actlvity or man-made radio-
activity. Those levels are intended as
preventative limits rather than as cor-
rective limits.

Public Waler Systems Requiring Ra-
dium Analysts: The monitoring re-
quirements for the radium maximum
contaminant leve! provide for an initial
screening measurement of gross alpha
particlte activity to determine if analy-
sis for radium-228 i{s needed. EPA re-
quested comment on the number and
location of ecommunity water systems
that would exceed the proposed screen-
ing level of 2 pCi/l. A number of com-
ments were recelved on the possible Im-
pact of the proposed screening level, The
principa! concern expressed was that a
2 pCl/Iiter screening level was unneces-
sarily low and would force a large num-

‘ber of publlc water systems to conduct

expensive radium analyses in cases
where the radium limit was not belng
excceded.

A number of commentors were under
the impresston that radium daughter
products were in equilibrium with radi-
um in drinking water so that thelr ac-
companying alpha particle activity would
be an indication of radium. Monitoring
data from ‘many public water systems
indicates that because of differences in
solubility and geological processes, the
alpha particle activity Is frequently
much lower than would be observed for
an equilibrium mixture of radium and
daughter products and sometimes may be
no greater than that due to radium-226
alone,

EPA agrees that in many cases ade-
quate protection can be obtained with
& screening level higher than 2 pCi/liter
provided that the precision of the meas-

rurement is grent enough to insure that

the gross alpha activity ls unlikely to
exceed 5 pCi/1, The regulations have been
amended accordingly. The effect of this
charge Is that a screening test, in lieu
of radium analysis, is permitted for most
systems having gross alpha particle ac-
tivities as high es 4 pCi/l. However, as
noted in the Statement of Basis and Puy-
pose for the proposed radionuclide reg-
ulations, care should be taken in evalu-
ating the results of the screening test
because the alpha particle activity screen
does not :measure radium-228, a beta
emitter. For this reason, EPA recom-
mends that, in localities where radium-
228 may be present in significant quan-

titles, the Siate establish a screening .

level no greater than 2 pCi/liter.

Costy and Technology for Radium Re-
moval: One comment on radium removal
costs stated that the EPA cost esti-
mates may be too high because new

technologles for radium removal are be-
ing developed. Another comment stated
that the EPA estimates appear “reason-
sble at this time,” and a third that the
estimates are “too general” in that sys-
tem size was not considered.

As discussed in the Statement of Basis
and Purpose for the proposed radionu-
clides regulations, costs for radlum re-
moval were found to be essentially .in-
dependent of system size for systems
treating less than three million gallons
per day. Since there are no data indi-
cating that the maximum contaminant
level for radium -is being exceeded in
systems larger than this, the EPA cost
estimates are valid.

Three commentors thought the cost
projections for radium removel might
be low because disposal of radium wastes
was not considered. The Azency is pres-
ently conducting & research study to in- *
vestigate disposal costs. Compared to
industrial effluents containing radlum,
the amount of radium.involved is quite
small. The only avallable date indicate
that a commercial waste disposal serv-
ice for redioactive materials would be
expected to cost about 50 cents annually
per person served for radiwin disposal.
However, costs will vary depending on
Jocality and the disposal method used.
It should also be noted that any radium
disposal problems generated by the pro-
posed regulations will not be unlike those
already encountered by the many com-
munities already removing radium as
part of their water softening processing. -

Other comments suggested considera-
tion of occupational exposure to radium
in water treatment plants, The Agency
has made a limited examination of the
levels of radiation in the vicinity of ton
exchange units used to remove radium
in operating water treatment plants. Ex-
posure levels to operating personnel are .
measurable and occupatlonal exposures
could range up to 25-100 mrem/yr. These
doses are well below the Federal occu-
pational guides for radiation workers -
of 5000 mrem/yr. Appropriate Federal
Radiation Guidance will be provided if
future studles indicate the problem of
occupational exposure to treatment plant
personnel Is serious.

One commentor questioned the efi-
clency of radium remoyval by lon ex-
change used in the cost analysis In Ap-
pendix V of the Statement of Basis and
Purpase. That analysis shows that treat-
ment cost is relativeiy Independent of
radium removal efficlency as long as re-
moval exceeds 90 percent. Operating

"data from currently used municipal wa-

ter treatment systems indicate that av-
erage radium removal efficlency through-
out the exchange cycle ranges {rom 93
to 97 percent.

Aggregate Dose Level: As noled in the
preamble to the proposed radionuclides
regulations, 40 FR 34325, EPA considered
but rejected the usc of an aggregate dose
level in establishing maximum contami-
nant levels. This approach would con-
sider both the risk to individuals and the
totr]l risk to the population served, so
that the maxlmum contaminant level
would be inversely related, within lim-
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its, to the size of the exposed population
group. Comments on the concept of ag-
gregate dose levels overwhelmingly en-
dorsed EPA’'s decision not to use that
approach in the development of maxi-
mum levels under the Safe Drinking Wa-
ter Act.

Mazximum Contaminant Level for Ra-
dium. A number of States submitted
comments on EPA’s proposal to establish
thhe maximum contaminant level for ra-
dium at 5 pCIL/liter. One State suggested
Lhat & limit of 10 pCI/1iter be establlshed
for small public water systems. This sug-
gestlon has not been accepted by EPA be-
cause the legislative history of the Bafe
Drinking Water Act Indlcates that, to
the extent possible, all persons served by
public water systems should be protected
by the same maximum contaminant lev-
els. A number of other States cxpressed
cancurrence in the 5 pCi/Mter limlt.

One commentor cited the results of a
1.S. Public Health Service study that in-
dicated that persons In communities with
water having a concentration of 4.7 pCl/
liter had a higher mortality {ncldence
due to bone sarcoma than persons in
communitles with water having less than
1 pCi/liter. The commentor contended
that the USPHS study did not show a
significant difference in cancer risk at
2 95 percent confidence level, and that In
any event the number of excess cancers
~ was significantly less than would be pre-
dicted on the basls of the NAS-BEIR
Report.

EPA notes that the confidence level of
the USPHS study was 92 percent which
Is not significantly different from a 95
" percent criterion.considering the overall
precision of the USPHS study. Mortality
+ estimates on which the § pCl/liter Hmit
* was based included all cancers, not just
. - bone sarcoma. Moreover, the EPA estl-
., mates are for lifetime exposures, whereas
" most of the participants in the USPHS
' study were exposed for a substantlally
+ shorter perlod of time Moreover, the in-
cldence of cancer observed in the USPHS
study Is somewhat greater than would be
predicted by the linear dose response
model used by EPA, not less as suggested
by the commentor. Given these facts it
is EPA’s view that the USPHS study sup-
ports its use of risk estimates from in-
gested radlum as a valld measure of the
impact of varlous control levels. EPA
will, however, study new cancer incidence
data as they become avallable to deter-
mine whether the 5 pCl/liter level pro-
vides appropriate protection. -

Changes Made in the Proposed Regu-
lations:

" In response to comments received on
the proposed regulations, a number of
changes have been made. The comments
and changes are discussed in some detail
in Appendix A The following llst sum-
marizes changes which have been made:

1. Section 141.2 has been revised to
stmoplify the definitions of “gross alpha
particle activity” and “gross beta parti-
cle activity.™ As proposed these deflni-
tions were confusing because they sought
to- make distinctions which were more
properly set forth in §§ 141,15 and 141.18.

‘RULES AND REGULATIONS

2. Section 141.15 has been changed to
make clear that the maximum contami-
nant level for gicss alpha particle activ-
ity does not apply to lsotopes of uranjum
and radon. .

3. Section 141.16 has been redrafied
for clarity and provisions relating to the
means of determining compliance have
been moved to § 141.26. It should be noted
that the average annual concentration
of strontlum-90¢ yielding 4 mrem per year
to bone marrow Is 8 pCi/1 not 2 pCi/1 as
was stated in the Proposed Regulntions,
Accordingly, Table A in Section 141.16
has been corrected and the detection
limit for strontium-90 listed in Table B,
§ 141.25 has been changed to 2pCi/1.

4. Section 141.25 has bcen revised to
Include newer analytical methods and to
delete some obsolescent- methods. The
definition of detection limit has been
changed to indicate clearly that it applies
only to uncertalnty in the preclsion of
the measurement due to counting errors.
Also, a new detection limit of 4 pCi/ilter
has been established for gross beta par-
ticle activity so that gross beta nnalysis
may be substituted for strontium-89 and
cesiuin-134" analyses In some cases. It
shauld be noted that under.§ 141.27 the
State, with the concurrence of the Ad-
ministrator, may authorize the use of al-
ternative analytical methods having the
same precisiocn and accuracy as ihose
lsted in §3 141.25 and 141.26.

5. Section 141.26 has heen redrafted for
clarity and the alpha particle activity
screening level has been redefined to pro-
vide a hilgher gross alpha screening imit
as long as the preclsion of measurement
insures that the.gross alpha activity W
unlikely to exceed 5 pCi/1. Also, the re-
quitement for quarterly sampling has
been revised to permit s yearly sampls
where a one-year record based on quar-
terly sampling has Indicated the average
annual gross alpha particle activity and
radium-226 activity to be less than half
the applicable maximum conteminent
level. The period allowed for initlal moni-
toring has been extended to three years
rather than two years after the effective
date of these regulations. Also, rather
than require that subsequent monitoring
be every three years for ground water
and every flve years for surface water,
monitoring for both ground water and
surface water will be required every four
years, -

6: Section 141.26 has been amended to
provide that, when ordered by the State,
8 community water system will be re-
quired to partlcipate In a3 watershed
montitoring program ‘for man-made ra-
dloactlvity. EPA recommends that
States require such programs in each
principal watershed under their jurisdie-
tior. In -addition, the provision allowing
the use of discharge data from nuclear
facilities in lieu of speclal monitoring for
man-made radioactivity has been
amended to allow only the use of en-
vironmental surveillance data taken in
conjunction with. the State., Also In
§ 141.268 a screening level for gross beta
particle actlvity has been established to
reduce the cost of monitoring water sys-
tems affected by r.uclear facllitles:
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If nny screening levels for gross beta
particle aclvity are exceeded, identifica=
tion of specific radionuclides is manda-
tory prior to public notificatlon and ini-
tiation of any enforcement nction. In ad-
dition to the gross beta particle activity
measurement, it may be necessary, as new
energy technologies become avallable in
the™uture, to monitor for specific man-
niade contaminants other than those cur=
rently Identified. The Act provides-that
these rezulations may be amended from
time to time.

EFFECTIVE DATE

Section 1412(a)(3) of the Act pro-
vides that "“The interim primery regu-
latlons first promulgated ® * * shall take
effect elghteen months after the-date of
their promulgation.” The interim pri-
mary regulations first promulgated wera
those for microblological, chemical and
physical contaminants. They were pro-
mulgated on December 24, 1975, and will
become effective June 24, 1977, Because
it 1s desirable that all of the basic in-
terim primary drinking water regulations
take effect on the same date, and in view
of the long lead time provided to public
water systems for compliance with-these
radlonuclide regulations, the radlo-
nuclide regulations also will become ef-
fective on June 24, 1977, .

It 1s hereby certifled that the eco-
nomic and Inflationary impacts of theso
regulations have been carefully evalu-
ated In accordance with Executive Or-
der 11821, and 1t has been determined
that an Inflation Impact Statement 13
not required. (The estimated ten mil-
lion dallar annual cost Is less than the
one-hundred milllon dollar annual cost
cut-off established as the minimum for
which an Inflation Impact Statement Is
required.) ’

For the reasons given above, Part 141,
Chapter 40 of the Code of Federal Reg-
ulations i1s hereby amended as follows:

. RUSsELL TRAIN,
Administrator.

Juxe 28, 1976.

1. By revising § 141.2 to iInclude tha
following new paragraphs (1) through
(0):

§ 141.2 Definitions.

() “Dose equlvalent” means the prod-
uct of the absorbed dose from lonizing
radlatlon and such fagtors as account for
differences in biclogical efectiveness due
to the type of radiation and its distribu-
tion in the body as spetified by the In-
ternatlonal Commission on Radiological
Unfts and Mensurements (ICRU}.

(k) “Rem"” means the unit of dose
equivalent from lonizing radiation to the |
total body or any internal organ or or-
gan system. A ‘“millirem (mrem)” i3
1/1000 of a rem.

(1) *Picocurie (pCl) " means thatquan-
tity of radloactlve materia]l produclng
2.22 nuclear transformations per min-
ute.

(m) "“Gross alpha particle activity™
means the total radloactivity due to
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alpha particle emnission as Inferred from
measurements on & dry sample.

(n) “"Man-made beta particle and pho-
ton emitters” means all radionuclides
emitting beta particles and/or photons
listed In Maximwn Permissible Body
Burdens and Maximum Permissible Con-
centration of Radlonuclides in Alr or
Water for Occupatlional Exposure, NBS
Handbook 69, except the daughter prod-
ucts of thorium-232, uranium-235 and
uranium-238. .

(o) “QGross bela parlicle activily”

means the total radioactivity due to beta -

particle emission as inferred from meas-
urements on a dry sample.

2. By adding §§ 141.15, 141.16, 141.26
and 141.28 as follows:

§ 141.15 Maximum contaminant levels
for radium-226, radium-228, and
grosa alpha particle radiocactivity in
communily water syslems,

The following are the maximum con-
taminant levels for radium-226, radlum-
228, and gross alpha particle radlo-
activity:

(a) Combined radium-228 end radi-
um-228—5 pCi/l.

- {(b) Gross alpha particle activity (in-
cluding radium-226 but excluding radon
and uranium)—15 pCi/1,

§ 141.16 Maxinium contaminant levels
for beta particle end photon radio.
activity from man-made radicnu-
clides in conrmunity water systeins,

(a)} The average annual concentration
of beta particle and photon radioactivity
from man-made radionuclides in drink-
ing water shall not produce an annual
dose equivalent to the total body or any
internal organ greater than 4 millirem/
YeAar. :

{b) Except for the radlonuclides listed
in Table A, the concentration of man-
made radionuclides causing 4 mrem total
body or organ dose equivalents shall he
calculated on the basis of a 2 liter per
day drinking water intake using the 168
hour data listed In “Marimum Permis-
sible Body Burdens and Mazximum Per-
missible Concentration of Radlonuclides
in Air or Water for Occupational Er-
posure,” NBS Haandbook 69 as amended
August 1963, U.S. Department of Com-
merce. If two or more radionuclides are
present, the sum of their anhual dose
equivalent to the total body or to any
organ shall not exceed 4 milllrem/ycar.

Tantr A —Acerage annual conccittrationa
assumed 1o preduce a 16tal body ur organ
dose of § mrem/yr

Radionuctide Critien! organ [l
Per hiter
Tritinm.... ....... Tolalbody.__..___ . 20, 00
Buontium-20....... Dobe mamaw. .. . 8

§ 141.25  Analytical Methods for Radso.
aCIlVIly.

ta} The methods specified in Intesim

Rudiochemical Methodology for Drink-

ing Water, Environmental Monitoring

and Bupport Laboratory, EPA-500/4-75-

008, USEPA, Cincinnati, Ohlo 45268, or
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these listed below, are to be used o de-
termine compliance with §4§ 141.15 and
141.18 {radioactivity) except In cases
where allernative methods have been ap-
proved in accordance with § 141.27.

{1) Greoss Alpha end Beta—Method
302 “Gross Alpha and Beta Radloactivity
in Water” Sta.:dard Methods for the Ex-
amination o} Water and Wastewaler,
13th Edition, American Public Health
Association, New York, N.Y, 1971,

(2) Total Radlum—Method 304 “Ra-
dium in Water by Precipitation’ Ibld.

(3) Radlum-226—Method 306 “Radi-
um-228 by Radon In Water” Ibid.

(4) Strontlum-89,80 — Method 303
“Total Strontlum and Strontium-90 in
Water"” Ibid.

(5) Tritlum-—Methed 308 “Tritium in
Water” Ibid.

() Ceslum-134 — ASTM D-2459
“Gamma Spectrometry in Water," 1975
Annual Book of ASTM Sitandards, Water
and Atmospheric Analysls, Part 31,
American Boclety for Testing and Mate-
rials, Philadelphla, PA. (1976).

{7) Uranium-—ASTM D-2907 “Micro-
quantities of Uranium in Water by
Fluorometry," Ibid.

{b) When the identification and meas-
urement of radionuclides other than
those listed in paragraph (a) 1s required,
the following references are to be used,
except In cases where alternative
methods have been approved in accord-
ance with & 141.27.

(1Y Procedures for Radiochemical
Analysls eof Nuclear Reactor Aqueous So-
{utions, H. L. Krieger and 8. Gold, EPA-
R4-73-014. USEPA, Cincinnati, Obhlo,
May 1973.

(2) HASL Procedure Manual, Editeq
by John H. Harley. HASL 300, ERDA
Health and Safety Laboratory, New
York, N.Y., 1973,

(c)y For the purpose of monitoring
radioactivity concentrations in drinking
water, the required sensitivity of the
radioanalysis is defined in terms of a de-
tectlon Iimit. The detection limit shall
be that concentration which can he
counted with a preclston of plus or minus
100 percent at the 85 percent confidence
level (1.96c where o is the standard de-
viatlon of the net counting rate of the
sample), .

(1) To determine complience with
§ 141,15 (a) the detection limit shall not
exceed 1 pCi/l. To determine compliance
with § 141.15(b) the detection limit shall
not exceed 3 pCi/L.

(2) To determine compliance with
§ 141.16 the detection limits shall not ex-
ceed the concentrations listed In Table B.

TABLE B.—DETECTION LiMmrs For MAN-MADE
BETA PARTICLE AND PHOTON EMITTERS

Radionucitde Detection lmnit

Trithem .. . ... 1.000 pCisl.
Strontium-89 __.__._. 10 pCIA1
Strontlum-90 _______ 2 pCisl.

Iodine-131 __________ 1 pCl/l.

Ceslum-134 __.___._.. 10 pCi/t

Gross beta________._._ 4 pCi/l.

Other radlonuclides__ 17 of the applicable

Iimit.

(d} To Judge compliance with the
maximum contaminant levels Hated In
sections 141.15 and 141.16, avernges of

daia shall be used and shall be
rounded to the same number of signif-
icant flgures as the maximum contam-
inant level for the substance In question.

§ 141,26 Monitering Frequency for Ra-
dioaclivity in Community Waler Sys-
tems.

{r) Monitoring requirements for gross
alpha particle actlvity, radlum-236 and
redium-228.

(1) Initia] sampling to determine com-
pliance with § 141.15 shall begin within
two years of the effective date of these
regulations and the analysis shall be
completed within three years of the effec-
tive date of these regulations. Compli-
ance shell be based on the analysis of
an annual composite of four consecutive
quarterly samples or the average of the
analyses of four samples obtained at
quarterly intervals.

() A gross elpha particle activity
meansurement may be substituted for the
required radium-226 and radium-228
analysis . Provided, That the measured
gross alpha particle activity does not ex-
ceed 5 pCl/l at a confldence level of 83
percent (1.650 where o is the standard
deviation of the net counting rate of the
sample). In localitles where radium-228
may be present in drinking water, it is
recommended that the 8tate requirs
radium-228 and/or radium-228 analyses
when the gross alpha particle activity ex-
ceeds 2 pCi/1.

() When the gross alpha particle
activity exceeds 5 pCi/1, the same or an
equivalent sample shall be analyzed for
radium-228. If the concentration of
radium-226 exceeds 3 pCi/1 the same or
an equivalent sample shall be analyzed
for radium-228.

(2) For the initial analysis required by
paragraph (a) (1), data acquired within
one year prior to the effective date of this
part may be substituted at the diseretion
of tho State.

(3) Buppliers of water shall monitor at
least once every four years following the
procedurs required by paragraph (a) (1),
At the discretion of the State, when an
annual record taken In conformance with
paragraph (a) (1} has established that
the average annual concentration is less
than half the maximum contaminant
levels established by § 141,15, analysis of
a single sample may be substituted for
the quaiterly sampling procedure re-
quired by paragraph (a)(1).

{1} More frequent monitoring shall be
conducted when ordered by the State In
the vicinity of mining or other operations
which may contribute nlpha particle
radioactivity to either surface or ground
water sources of drinking wéter. ' )

(i) A supplier of water shall monitor
in conformance with paragraph (a)(1)
within one year of the Introduction of a
new water source for a community water
system. More frequent monitoring shall
bs econducted when ordered by the State
in the event of possible contamination or
when changes In the distribution system
or lreatment processing occur which may
increase the concentration of radio-
activity In finished water.

(i) A community water system using
two ar more sources heving different con-
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centrations of radioactivity shall menitor
source water, in addition to water from
a free-flowing tap, when ordered by the
State.

1iv} Monitoring for compliance with
§ 141.15 after the initial peried need not
ieinde radium-228 ercept when required
Ly the State, Provided, That the average
annual concentration of radium-228 has
beenn assayed at least gnce using the
quarterly sampling procedure required by
paragraph (a) (1},

vy Suppliers of water shall conduct
annual monitoring of any community
water system in which the radium-226
concentration exceeds 3 pCi/1, when or-
dered by the State.

4 If the average annual maximum
contaminant level for gross alpha parti-
cle activity or total radium as set forth
in 4 141.15 Is exceeded, the supplier of a
community water system shall give no-
tice to the State pursuant to § 141.31 and
notify the public as required by § 141.32.
Monitoring at guarterly intervals shall
be contihued until the annual average
concentration no longer exceeds .the
maximum contaminant level or until a
monitoring schedule as a condition to a
variance, exemption or enforcernent ac-
tion shall become effective. .

(b) Monitoring requirements for man-
made radioactivity in community water
systems.

(1) Within two years of the effective
date of this part, systems using surface
water sources and serving more than
100,000 persons and such other com-
munity weater systems as are designated
by the State shall be monitored for com-
pliance with $ 141.16 by analysis of a
composite of four consecutive quarterly
sambples -or analysis of four quarterly
samples. Compliance with § 141.16 may

. be assumed without further analysis if

the average annual concentration of
gross beta particle activity is less than
50 pCi 1 and if the average annual con-
centrations of tritium and strontium-90
are less than those listed in Table A, Pro-
vided, That if both redionuclides are
present the sum of their annual dose
equivalents to bone marrow shall not ex-
ceed 4 millirem/year.

{1) If the gross beta particle activity
exceeds 50 pCi/1, an analysls of the sam-
ple must be performed to identify the
major radioactive constituents present
angd the appropriate organ and total body
doses shall be calculated to determine
compliance with § 141,186,

(iiy Suppliers of water shall conduct
additional monitoring, a5 ordered by the
State, to determine the concentration of
man-made radioactivity in principal wa-
tersheds desighated by the State.

iy At the discretion of the State,
suppliers of water utilizing only ground
waters may be required to monitor {or
man-made radioactivity.

(2} For the initial analysis reguired
by paragraph (b) (1) data acquired
within one year prior to the efTective date
of this part mey be substituited at the
discretion of the State,

(1) After the initial analysls required
by paragraph (b) (1) suppllers of water
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shall monitor at least every four vears
Iollowing the procedure glven in pora-
graph (h)ily,

(4) Within two vears of the effective
date of these regulatlons the supplier
of any community water system desig-
nated by the State as utilizing waters
contaminated by efiuents from nuclear
facilities shall Initlate quarterly moni-
toring for gross beta particle and iodine-
131 redioactivity and annual monitoring
for strontitin1-90 and tritium. i
. b Quarterly monitoring for gross heta
partiicle activity shall be based on the
analysis of monthly samples or the ana-
lysis of a composite of three monthly
samples. The feymer Is recommended.
If the gross heta particle activity in a
sample exceeds 15 pCi/1, the same or an
equivalent sample shall be analyzed for
strontium-89 and cesium-134. If the gross
beta particle activity exceeds 50 pCl/1,
an analysls of the sample must be per-
formed to identify the miajor radioactlve
constituents present an the appropriate
organ and total body doses shall be cal-
culated to determine compliance with
§ 141.16.

(ily For lodine-131. a composite of
FAve consecutive daily samples shall be
analyvzed once each quarter. As ordered
Ty Lhe State, more frequent monitoring
shall be conducted when iodine-131 is
identifled in the finished water,

fiiir Annual monitoring for stron-
tium-90 and tritium shall be conducted
by means of the analysis of a composite
of four consecutive quarterly samples or
analysis ol four quarterly samples. The
latter procedure js recommended.

{iv) The State. may allow the substi-
tution of environmental surveillance
data taken In conjunction with a nuclear
facility for direct monitoring of mamn-
made radioactivity by the supplier of
water where the State determilnes such
data is applicable to a particular com-
munity water system.

(5 If the average annual maximum

contaminant Ievel for man-made radio-.

activity set forth'in § 141.16 is exceeded,
the operator of a community water sys-
tem shall give notice to the State pur-
suant to § 141.31 and to the public as re-
quired by §141.32. Monitoring at
monthly intervals shall be continued un-
til the concentration no longer exceeds
the maximum contaminant level or untii
a monitoring schedule as a condition to
a variance, exemption or enforcement
action shall become effective.

APPENDIX A
RESPONSE TO PUBLIC COMMENTS

Proposed National Interim Primary Drink-
Ing Water Regulations for radlonuclides, 40
FR 34324, were published for comment on
August 14, 1975 Written comments on the
proposed regulations were received, and o
public hearing on the proposal was held in
Washington on September 10, 1975. As a
result of review of the written comments
and of testlmony at the public hearinhg, as
well as further consideration of the avall-
able data by EPA, a number of changes have
been made in the proposed regulatlong, The
principal changes are sumrarized In tha
Preamble to the final regulations. The pur-
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pose of this Appendix Ls to discuss the com-~
nments recelved oo varlous aspecta of the
proposed regulations, and to explain EPA's
recponse to those cornments.

Part 1 of the Appendix deals with com-
ments on specific provisions of the proposed
regulations, in numerlcal order. Part II con-
cerns more general comments recelved by
EPA. Responses to the five specific 1ssues on
which comments were solicited in the Au-
gustid proposal are reviewed and dlscussed
in the preamble to the proinulgated regula-
tions., Part III {5 the Ageucy's pallcy State-
ment of March 3, 1975, on the Relationship
belween rodiatton dose and effect.

"PART 1

Cominents on Specifie Prouisions of the
Proposed Repulations § 144 2—Definitions

A number of commentors atated that Lthe
deflnitlons given n § 1412 for groas beta
particle and gross alpha particie activity
were confusing because they excluded cer-
tain radlonuclides. These definltlons have
been redrafted to om!t the exclusions, which
are more properly dealt with In the basi¢
regulations, '

§ 141 13—MAXIMUM CONTAMINANT LEVELS OP
RADIUM-228. RADIUM -22B, AND CROSS ALPHA
FPARTICLE RADIOACTIVITY

Beveral comments suggested that the
maximum contamlnant level for gross alpha
parilcle activity should state clearly that
this Iimit does not apply to isotopes of
uranium and radoti. This was the intention
of the proposed regulatons, and § 141.15 has
been redraited accordingly. Some commen-
tors requested clarification of the impact of
the exclusion of uranium snd redon on
monitoring procedures and compliance. 1t
is true that the sample preparation teche
nlques speclfied In § 141.25 preclude the
measurement of the gaseous radlonuclides
rodon-220 and radon-222, Their daughter
products, however, will be.retalned in the
sample as Intended by these regulations. As
noted in the Statement of Basis and Pur-
pose, cne of the main intentlons of the
maximum contaminang level for groas alpha
particle activity is to limlt the concentra-
tion of long half-life radium daughters. In
cuses where gross alpha particle activity ex-
ceeds 16 pCl per liter, analysls of the water
for its uranium content by chemical or other
means will be needed to determine compli-
ance. Except In ground water impacted by
uranium-bearing ores, such analyses will
rorely De necessary.

Two commentors mentloned that no ra-
tlonale for the gross alpha particle maxi-
mum contaminant limit of 15 pCl/1l was
given In the preamble to the proposed teg-
ulations. The rationale for this liml: 1s. how-
ever, discussed in the Statement of Basig and
Purpose, It {s based on n conslderation Qf the
rediotoxlelty of other alpha particle emitting
countaminants relatlve to radium. The 15
pCi 1 gross alpha partlcle limit, which in-
cludes radium-226 (but net uranium or
radon), 1§ based on the ¢onservative assump-
tion that if the radium coticentration (3 5
pCi’l and the balance of the alpha particle
actlvity is due to the Lext mnost radlotoxle
alpha partiele emitting chain startlng with
lend-210, the dose to bone w:ll not be unduly
increased. Though less preclse than seitiug
maxlmum contaminant levels for lead-210
specifically, the establishment of a limit on
grosg alpha particle activity is more in Keep-
ing with the current capability of State
labaratories while providing significant pub-
lio henlth protectlon. Reasons for omlitting
uranium and radon from the Umlt for grosa
alpha particle activlty are glven in the Stnte-
men! of Bas!s and Purpose, :
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$£141.16—MAXIMUM CONTAMINANT LEVELS OF
BETA PABTICLE AND FPHOTON RADIOACTIVITY
FROM MAN-MADE BADIONUCLIDES

Sereral commentors had difficulty inter-
preting this sectlon. It has been redrafted
and that portion of the proposed maxilmum
contaminant level for mdn-made radioactiv-
ity dealing with compliance has been moved
to § 141.28 for purposes of clarity.

One commentor guestioned the basis of
i1he selectlon of the proposeéd 4 millirem an-
nual 1imit. As stated In the preamble to the
proposed regulations, the four millirem per
year limit for men-made radloactivity was
chosen on the basis of avoidlng undesiraple
future contamination of publle water sup-
plies as a result of controllable human ac-
tivities. Current levels of radloactivity In
public water systems are below the proposed
mit. Appropriate data on this point is pro-
vided in the Statement of Basls and Purpose.

Reference was made by one.commentor Lo
1oe Nuclear Regulatory Commission design
eriterla for light wuater reactors which limits
the thyroild dose from a single nuclear re-
actor due to the llguid pathway to ten mil-
lirem per year. The commentor suggested
that this number ia In conflict with the
proposed maximum contaminant level for
man-made radloactivity. Howsever, because
the two levelas are computed on different
bates, iodine-131 concentrations meeting
NRC design criterla would also meet maxi-
mum contaminant llmits. Therefore, there
15 no conflict between ‘these regulations and
KRG design eriterta. It should be noted,
however, that the NRC limits are design cri-
teria, not operatlonal limits, and epply tao
only a single nuclear reactor. The EPA nmax-
imum contaminant limits have a completely
different appllcation, They apply to the fin-
ished waters served by a communlty water
system which may use source waters con-
taminated by seversl reactors or other ou-
clear facilitles,

Another commentor stated that the stron-_

1ium-00 maximum contaminant level would
prodquce a bone cancer dose of 4 millirem
per year only after several decades of in-
take. That 13 correct—all of the maXimum
contaminant levels are baced on &n assumed
lfetime ingestlon et the concentration
nmite.

A few commentors stated that because {n
some locallties the dose from strontium-90
{n milk exceeds ¢ mrem per year, the maxi-
mum contaminant level for strontium-B0 in
drinking water should be eliminated or made
greater. The Administrator does not agree
that the radicactlve contamilnation of milk
and milk products, which may occur in some
localities, 1s & proper bas!s for relaxing max-
imum contaminant levels for drinking wa-
ter, The maximum contaminant Jevel for
etrontlum-20 is not exceeded in community
water gystems at present nor is it llkely to
be exceeded In the foreseeable future. To
permlt unnecessary contamination of publle
water systems because of other environ-
mental pathways impacting on man would
o inappropriate,

A few commentors suggested that 2 lters
per dry was ncot an apprepriate ingestion
rate assumption for drinking water. The
Admiolstrator notes that a 2 liter per day
intake Is assumed for establlshing maximum
contaminant levels for all contaminants, not
fust radloactivity, and that this guestion
has been discussed al length In the preambls
and Appendix-A to the Natlonal Interim
Primary Drinking Water Regulations, 40 FR
5B575. ’

A few commentors asked why potassam-
40 was not considered as part of the maxli-
num contaminant level for beta particle
radloactivity, The amount of potassium in
the body 15 controlled homostatically and ls
‘nmot proportional to water intake levels,
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Without the exception for potassium-40.
somé communlties might be required to
perform more anrlytical examinatlon than
neceasary il waters exceeded the gross beta
activity screening level. If the increased beta
actlvity is dus to potassium-40, there 18 no
incrensed risk to users of the public water
systems and therefore such tests are unleces-
sary.
§ 141.25—ANALYTICAL MFETHODRS FOR
RADIOACTIVITY

‘Several commentors noted that the Pro-

posed Regulations on analytical methoda did”

not allow for the aubstitutlon of egqulvalent
alterpative technlques. EPA agrees that this
{5 an important conaideration and § 141.27
has been added to the regulations to allow
gubstitution of equlvalent analytical meth-
cds with the approval of the State and the
Administrator. . Two commentors belleved
that no analytical methods should be speci-
fied as part of the regulations, 40 FR 34324
The Administrator bellsves, however, that
defined analytical methods must be & part
of the reglwlations so that compliance proce-
dures are uniform and subject to verliica-
tion.

Many commentors belleved that alterna-
tive analyticel methods were preferable to
those listed In the proposed regulations and
several made speclfic suggestlons, EPA recog=
nizes that some of the proposed analytical
methods were obsolescent and for this rea-
son & new handbook, Interim rRadiocheniical
Methodology for Drinking Water, has been
prepared by the Agency. § 141,25 has been
revised to include these new methods and to
delete soms of the analytical methods proe
posed earller. However, some Standard Meth-
ods have been retalned because they are
equivaient to the newcr procedures and are
currently belng used by State laboratories.

Severpl comments concerned the need for
laboratory certlfleation and quality essur-
snce. EFA wlll seek to certify at least one
State laboratory in each State. The State may
In turn certify addttional laboratories. Pur=
suant to §141.28, only monltoring results
from laboratories npproved or certified by
the entity with primary enforcement respon-
sibility will be acceptable.

,Several colnmenis were recelved. concern-
ing applicatlon of the defincd detection lim-
15, The detectlon ltmit requirements have
been changed to indlicate clearly that the
limit applies only to uncertainty in the pre-
c¢lslion of the measurement due to counting
errors. Other sources of Ilmpreclsicn and the
overall accuracy ol the determination are
not a part of the detection llimlts glven In
this section but rather their control is to
be implemented by means of the quality as-
surance program mentioned prevlously,

A few commentiors belicved that the pro-
posed detection 1lmit for gross alpha particle
activity was too low. Because systems using
very hard water may be unable to detect
rRlpha particle activity at the 1 pCi/1 con-

centration, the detectlon limit for compll-

ance with the gross alpha particlie actlvity
limit, §141.15{(b) has been incressed to 3
PpCi/1. This higher detection Mmit 1s not
acceptable for gross alpha particle measure-
ments subilituted for radium analysis under
§141,26(a) (1) (1), If water herdness pre-
cludes use of thls acreening test, a radium
analysis must be made to demonstrate com-
pllance with § 141.15(1) of these regulations.

Most coimnmentors belleved the detection
limits for men-made radioectivity were low
but practicable tn laboratorles where modern
testing facllities are available,

{ 141.26—~MONITORING REQUIREMENTS FOR
ALPHA PA.F.TICLE AND RADIUM ACTIVITY

The major comments on § 141.26(a) were
that the requlrements were hot clearly writ=-
ten and that tke alpha particle sctivity

screening lest for a mandatory radium-229
messurement was too lJow thus necessitating
unnecessary expense without Increasing pro-
tection to the public health. Paragraph (a)
heas been redrafted Lo clarify the Intent of
these regulations; and, as discussed in the
preamble to these regulations. the gross
alpha particle ‘screeplng level has been in-
creased.

Some commentors objected to the require-
ment that quertely monitoring be con-
tinued when maximum contaminant levels
are excecded and others pesked why quarterly
sampling is needed. The reason why guar-
terly monitorlng may provide additional
publlc health protection where maximum
contaminant levels are exceeded is discussed -
In the Statement of Basis and Purpose. The
Agency agrees that quarterly sampling may
be unnecessary In some ceses and has
emended the regulations to allow a slngie
yearly sample where 8 one year hlstorlcal
record based on quearterly sampling shows
the average Annual gross slpha particle
actlvity and the radium-226 actlvity to be
less than oneé-half the applicable maximum
contaminant levels.

Comments were divided on sampling fre-
quency. Clitizen groups tended to want more:
frequent monitoring &nd the States less fres
quent monttoring. Of particular public In-
terest was the possible contamilnation of-
ground and surface water by mining opera-
tions. The revised regulations encourage the
State to require more frequent monltoring
for natural radloactlvity in situations where
mining or other operetions may impact on
water guality, when hew sources ol supply
water are utilized or when water treatment
processing 1s changed by the supplier of a
community water system. '

Several comumentors requested an exten-
sion ol the initial twe-year perlod proposed
for mandatory compliance. EPA 18 aware that
these regulations call for a more expanded
monjtaring effort than Is presently belng
carrled out by most States. The regulatlons
have Dbeen revised to require that Initiel
monlitoring begin within two years and that
analesls be completed within three years of
the effectlve data. In addition, the Agency
has reconsldered, as suggested by several com-
mentors, the proposed requirement that
ground water be monitored every three years
and surface water every five years and be-
lleves mondtoring every four years for each
1s appropriate. The regulation had been so°
amended. : i

A few Stales rcquested that the inltial
monltoring of any community water system
for radloaciivity be at the discretlon of the
State and that the frequency of monltoring
be determined by each State ¢n & ¢ase by
case basls. Thls 13 essentlally the system now
used, Congress has mandated improved con-
trol of drinking water quality, and these
regulatlons seek to carry out that mandate.

Two commenlors objected to the Agency's
use of a gross alpha screenlng test to deter--
mine the need for radinum-226 measurements
because such & test is not applicable to
radium-228, a beta emltter. Since radium-
226 and radlum-228 are not part of the same
decay serles, one of the commentors believed
an evaluation which Imeasures only gross
alpha particic activity was inappropriate. It
1s true that radlum-228 and radium-226 are
in different decay serles. However, the avali-
able monitoring date indicate that there is
no record of radium-228 occurring In com-
munity water systems unless it is accom-
panied by radium-228. As polnted out in
the Statement of Basls end Purpose. the
radlum-226 concentration Iln publie water
supply systems 15 nlmost always greater than
the redium-228 concentration. Therefore, &
sereening test based on grosa alpha partlcle
activity i8 valusble for determining when fur-
ther testing for speciic radionuclides 1s
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necessary. However, States are encouraged to
require specific analyses tor both radium-220

and radlum-228 where radium-228 may be |

present.

Several commentors ralsed questlons con- .

cerning .the points at which samples are to
he taken and the procedure to be followed
where multiple, or alternate, sources are
utilized As indicated In both the Statement
of Baslé and Purpose, and § 141.2(c) of the
Interim Primary-Drinking Water Regulations,
sampling 1s to be done at the “free-flowing
outlet of the ultimate uzer.” Where multiple
sources Are employed, the samples should
represent an unblased estimate of the maxi-
mum concentratjon of radloguclides Ingested
by persons served by the system.

The Administrator recognizes that In some
¢ommunlties several wells are used at differ-
ent periods throughout the year to supply
drinking water and that because of different
concentrations of radloactivity tn these wella
the concentration in finfshed water may fluc-
tuate constderably. It Is recommended that
in such cases the States require sugmented

- aampling programs which include monltor-
ing of source waters. In the revised regula-
tions the State has been given authority to
order such monjtoring.

$ 141.26(b) —MONITORING REQUIREMENTS FOR
MAN-MADE RADIOACTIVITY

There were two types of objection to the
proposal that mandatory monitoring for
man-made radloactivity be confined to sy3-
tems serving more than 100,000 persons ahd
systems impacted by nuclear facilit{es, Some
commentors felt that all systems, including
those utilizing ground water, should be mon-
., -itored. Others belteved that monitoring only

- systems serving large commuhities would not

" adequately reflect the situation. in thelr
States.
EPA believes that because of cost and the
size and number of laborateries avallable
now to do the radlochemical nnalysis.re-
qulred for man-made radioactivity, monjtor-
ing eflorta are better directed at those sys-
tems ‘which are most likely to be contami-
nated by man-made radloactivity. However,
the State showuld require monitoring for
‘man-made radloactivity in each princlpal
. watershed under {ts Jurisdiction as necessary
to determine the extent of radioactivity (n
surface waters, The regulations have been so
amended.
Commentors reprelenting consumers,
States, and industry objected to the provl-

slon that discharge data from nuclear facili--

ties could be wused in lleu of monitoring for
man-made radloactlvity. This provision has
been redrafted to reflect more adequately the
intention of this provision. Suppliers may
use data obtatned through an environmental
surveillance program conducted by & nuclear
facllity in conjunction with the State to
show compliance with these regulations. In
many cases these monhltoring programs will
include more compléete and frequent analyses
of radioactivity ih source and finished waters
than would normally be epvailable through
State efforts alone.

A few comments stated that the proposed
monitoring for specific radlonuclides ln the
viclnity of nuclear facilities would often be
unnecessary and that If such tests could be
preceded by a screening teat for gross beta

particle activity, mounltoring costs would be

reduced. EPA agrees with these comments as
they apply to the required quarterly moni-

toring for strontium-89 and ceslum-134. The

regulatlons concerning monitoring In the
vicinity of nuclear [acilities have been
amended to establish a screenlng level for
gross beta particle activity of 15 pCi/1. Only
1t thls concentration ls exceeded s measure~
ment of strontium-89 and ceslum-134 re~
quired. Tritlum and fod!ne-131 are not mens-
ured by a test for gross beta particle actlvity
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and the requirement for analysea for these
radionuclides 15 retained.

Sorme commentors pointed out that monlt-
toring for lodine-131- a8 proposed wad un-
reallstlc. slnce & slngle “grab” sample per
quarter might not detect intermittent dis-
charges from nuclear facllitles. Other com-
mentors stated ‘hat the decay of lodine-131
would render any measurements meaning-
less. While there is merit in both arguments,
continuous monitoring for jodine-131 13 fm-
practical In many cases beceuse of coat con-
siderations, However, monitoring for lodine-
131 will be more meaningfut if, each quarter,
a sample hased on five successlve dally com-
posites i3 measured, as required In the re-
vised regulations. This measurement should
be made s soon as possible after collection
and appeopriate decay correctlons applled as
outlined in Ingerim Radiochemical Metl-
odology for Drinking Water, refcrenced in
5141 23(a).

Several commentors requested supple-
mental {nformation on the ptorage and
analysls of comnposlted guarterly samples.
Addliional eomments questioned the feasi-
billty of compositing quarterly samples for

todine-131 monitoring and the need to cor-’

rect for decay between the time samples are
collected and measured. The requlired treat-
ntenit  for the preservation of composited
samples s discussed 'in both the Statement
of Basis and Purpose and the reference cited
above. In the case of lodine-131, hydre-
chloric rather than nitric acid should be used
for actdlfication and sodlum bisulfite should
be added to the sample. .

A few commetitors requested that ceslum-
137 bhe included with ceslum-134°
Jmonitoring program for men-made radlo-
activity. The Administrutor belleves, In the
Interest of cost, that only one cesium itsotope
mepsurement should be mandatory. Measure-
ment of cesium-134, which providea more
fnformation on' changes Iu environmental
Jevels than cesilum-137 monltoring, {3 pref-
erable.’” However,
um-13 monitorinz if they desire to do so.
In many cases costs wlll not be affected
slghlficantly. When beta actlvity exceeds 5O
pCi: 1, identification of major radioactive
constituents 1s required. The extent of such
analysts should be based on the States’ de-
termination of what radlonuciides are llkely
to be present In the water and the maxlmum

. dose that could be dellvered by unldentified

components.

A few commentors requested additional’

guidance sn calculating the concentration of

radioactivity yielding 4 mrem per-year, based
on NBS Handbook 80, as required by these

Reguintlons. 'The Adminlstrator antlelpated
this problem and the Agency {s publishing a
revised Statement of ' Basis and Purpose
which inciudes a table glving the concentra-
tion that 13 ealeulated to resuit In a dose
equivalent rate of 4 mrem per year from all
radionuclides of interest, The revised State-
ment also contains other pertinent informa-
tlon needed to facllitate compliance with
these regulationa.

. PART It
General Comments

Monitoring and treatment costs

Many commenra were recelved on the
Agency's estimate of monitoring costs under
these proposed regulations.  One
supplied cost estimates which were lower
than analytical costs estimated In the pre-
amble. Another State thought that cost esti-
mntes in the preamble “were about right.”
However, all other commmentors thought that
the cost estimates made by EPA were too low,
There are several rensons for this dlfference
of oplnion. In some cases commentors pro-
vided an analysis of thelr estimated cost for
compllance based on samnpling frequencles

in the -

States may include cesl--

State’
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In excess ol those required by the proposed
regulations and the use of additlonal test
analyses not required by the regulations.
Another source of diffculty was that. as
stated ln the preamble, the cost per sample
dld not include collectlon and shipping
charges. One State estimated thls cost as
high as 815 00 per sample. No other examples
were provided, however. This Agency's cost
fomnbtalning one ga.llon water samples for
Its Eastern Environmental Radiation Facllity.
in Alabamna 13,-exctusive of labor ¢osts; con-
tainer cost, 8.62; shipping empty, 81.00; re~
turn full container, $2.00. Since Bnalyses for
grosy alpha particle activity and radium re-
quire less volume, States costs for most com-
munlty water supplies should be.lower.

A malor .source ol disparity hetween
Agency and commentor cost estimates was
that the EPA estimates did not include-
capltal equipment costs. Thls is particularly
important for States having easentially ho
ongolng program for measuring radioactivity
In water, In such cpses the cost estimates
wiil be exceeded 1! a new laboratory pro-
gram must "be establlshed. In _most cases,
however, State laboratories are avatlable with’
at legat some equipment for 1nmnung the
required monitering program.

Two states objected to the, monltorl.ng
costs for natural radioactivity on the bhasls
that they were not cost effective for small
public water systems. They contended that
monitoring should ba restricted to large.
community water supplies.. The Administra-
tor belleves that the requirementa of the
Safe Drinking Water Act are such that. ths
quality of water served by community water
supply systems should be |ndependent of
the population size to the extent femsible,.
It will be more expensive, in some cases, on .
8 per person basis 1o monitor very _smsll
systems, but such costs -are not impractical
for even the .smallest community water sys-
tem. However, In -the case of' man-made
radloactlvity, the neture of the potential
hazard, the availabillty of laboratory faclil«
tles and the cost of monltoring do justify
Hmiting required monitoring to lsrge com-
munity water systems, serving more than
100,000 persons, communlty systems im-
pacted by mnuclear racllitles, systems uslng
water drom major watersheds, and such
other systems as are designated by the Stata.

Other groups peinted out that on the
whole the monitoring cost per person served
is trivial and objected to the aggregatlon of
natlonal costs in the preamble. EPA believes.
that the national costs a3 well &S the cost’
to Individual communlity water systems are
worthy of consideration.

One commenter belleved that,the number
of dommunity water systems Ilmpacted by
nuclear facilities had been underestimated
because the number of nuclear facilltles
would increase markedly in the future and
many comrunity water systema would be
impacted by.a single nuclear facility, It i3
true that the number of nuclear facilitiea
that will necesslinte monlitoring -of com-
munity water systems wlll increase In.the
future. The coat estimates in-the preamble
were based on an assumed average of one
and 8 half community water systems belng
impacted by each nuclear facllity. The com-
menter pelieved two weuld bs Impacted by
each nuclear facility In his State.

Another commentor wanted to Know If
all drinking water regardlesas of source would
be monitored for hoth alpha particle and
beta particle radtoactivity. The Regulations
dre specific 'en thls palnt. Systems uttlizing,
only ground water need not moenltor for man-
mado beta particle radloactivity. Sources
using surface water must monitor for both
beta and alpha particle activity if they serve
more than 100,000 persons, utilles surface
water whith may be contaminated by effiu~
ents from nuclear facllities, or as required
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by the State. Other surfnce water systems
nced not monitor for man-made radtoactiv-
ity. However, It ts recommendzd that all sys-
terns be monltored for groes beta particle
activity.

A large numbet of respondentis were con-
cerned with the number and adequecy of
- exlting monitoring facilitics and the costs
¢caltnected with establishing supplentental
facilitles In some cases extsting monltoring
faclites may not be adequate. The Fitua-
tiun will be more scvere for those jurisdie-
tlons where the gross alpha particle ¢oncen-
tr:lln exceeds the screening level. However,
the higher sereen level In the revised regu-
Iation will reduce the number of mandatory
racdium analyses by a factor of two or more.

Mrreover, the phased monitoring require- -

ments imposed by these regulaticns should
previde adequate time for State and pri-
vate lahoratorles to ndd necessary facilities
and equipment. It s trite that many small
Bystems will be required to monitor for
gross alpha activity and, in the aggregate,
bear the major cost Impact of the moultoring
requirements. However, it 15 precisely these
systems which are most likely to be con-~
taminated with natural radloactivily. There
1s no question but that sdditlonal funds wall
be required for such increased monitoring.
It was the intent of Congress that these
costa be borne by the (ndividual public water
systems and that corrective measures. such
&8 consolldation ol smaller systemns, be em-
ployed to amellorate this effect,

A few commentors questioned wheiher-the
proposed limits were “cost effective” in terms
of both treatment and monitoring costs. AS
stated in the preamble to the proposed reg-
ulatlons, selection of an Appropriate maxi-
.mum contaminant level wns not based solely
on the estimated cost cflectiveness of radium
removal. As explalned tn the Statement of
Basis and Purpose, the health risk estimates
are uncertain by at lcast a factor of four.
Howecver, the difference in cost-sflectivencss
between dlfferent control levels Is independ-
ent of this uncertainty and therefore pro-
vides Information on where cost-beneft
ratios becomie slghlficantly poorer The State-
ment of Basi3 and Purposé also examines
why the cost-cfectiveness of radium re-
moval by ton exchange Is low and siugeesis
alternative mpproaches to obtalning maxl-
mum contamlnant levels at lower ¢osts, The
cost-effectiveness of the required monitoring
pregram will depend on the number of sup-
plies tdentlfied as exceeding the maximum
contaminant limtts, This cannot be forecact
until the initlal moultoring 1Is completed.
In any event, a sfrict cost-eflectiveness ap-
proach Is not the Intent of the Safe Drinking
Water Act. Maximum contaminant levels are
to prevent adverse health effects to the ex-
tent Ieasibie.

One commmentor interpieled a statement (n
the Preamble concerning future review of
these regulations to indicate that the pur-
pose cf the Proposcd Regulations was to con-
duct r nattonal field survey for radioaciivity
In drinking watcr at State expense A second
comment expressed a similnr oplaion regard-
Ing monitoring requiremnents for man-made
radioactivity.

The Proposed Regulntions are based on (he
Adminlstrator's determination that they pro-
tect health to the extent feasihle after tak-
Ing treatment costs tnto consideration. He is
aware that the Agency's estimntes of na-
uonnl ¢ost nre dependent on the number of
community water systems impncted and that
an rdequate estimate of thelr number is not
avallable now. By Congresslonal mnnq%le
these are interlm regulatlons subjeet to revl-
Elon in 1978. The Adminlstrator would be re-
miss If be were 1o lgnore new data on the
impact of these regulations as it becomes
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svallable a3 an outgrowth of the reporting
requirement. .

Another commentor ased why the Ageney
had not set the limit for man-made radio-
pctlvity using n cost-beneflt- sppronch. The
Agency does not belleve such an approach s
elther practicable or necded at this time.
Present Jevels of man-made radloactivity In
commuhity vat=r gyStemns are quite low—a
statement suppoiied in Appendix III of the
Statement of Basls and Purpose and there is
no evidence that allowirg higher concentra-
tlons In drinking wateT would canfer slgnifi-
cant reductions in compliance costs, Effluent
control costa are not likely to he changed by
the propased regulations for man-made ra-
dioactivity, "Efluent control practices of the
nuclear Industry as currently regulated np-
pear to be adequate In terms of the proposed
maximum contaminant Itmits, The Agency
does not kelleve It was the Intentlon of
congress that the cost of removing man-
made Tadloactivity from public water sys-
tems should be balanced sgainst the cost of
efluent controls required by regulptions es-
tablished under other legtslation.

Caleulaetional models used

One commentor objected to the state-
ment in the preamble concerning the esti-
mated dose due to drinking water contamt-
nated by currently opersting nuclear fuel
cyele components. The objection was based
on two polnts. .

(1) That these estlmates were based on
cnleulational models, which mnay not accu-
rately reflect reality.

17} Thar the estimates do not conslder
aerial depositions from radloactive materlals
which are Initially deposited into plr and
then fall out onto the ground and are
washed into waterways.

The Admlinistrator bellcves the hest calcu-
lational models currently avallable werc
used for these estimates. Measurement of the
actual doses is, of course, impossible at these
low levels. As stated in the Stalement of
Basls and Purpose, the Administrator will
consider new models as they are proposed by
apprapriate organizatlons and modlfy the
propased regulations as necessary to reflect
new informatlon as it becomes avallable. By
bosing compllance with ' maximum contaml-
nant levels ¢11 measured concentrations of
radionctivily In finiehed dritking water the
Administrator bellieves aerlal deposition as a
source of water contamination s adequately
consldered.

Public water systems impacied

One commentor steted that the moniter-
ing data included in the Statement of Basis
and Purpose for community water systems
were not representative of the radium or
alpha ‘particle radioactivity in sections of
the ¢ountry having abnsrmal'y high concen-
trations of natural radioactivi‘y and there-
fore EPA's estimates of thie imipact of tihe
proposed regulations were unreallstle. Tie
Agency believes that the-data given in the
Appendix to the Statement of Pesis and
Purpese were representative of the country
as & whole, but agrees there are sections of
the counlry which routinely hove higher
amounts of radlum {n" thelr community
water systems. However, as stoted fn the
Statement of Basis and Purpose, thesc na-
tional data were not used as a basls for the
EPA estimale of the number 'of public water
rysl.éms lmpacted by the propeosed maximum
contaminant limlt for radiuin. Rather, that
estlmate 1a based on other mconltoring data
obtalned mostly In regions where significant
amounts of radium are commenly found in
communily water systemas, as referenced in
the Statement.

Linear nonthreshold response functions

One commentor stated the Agency was too
conservative In the estimation of possible
health c¢ffects because a linear nonthreshold
dose response funetlon was assumed. Another
commentor stated a linear nonthreshold re-
lationship 1s not co:servatlve enough since
AN Increased radjocarcinogenic résponse has
been anssociated Wwith low dose rates from
alpha particla frradlation. Converscly, one
commentor stated that there is & threshold
for radiation injury from Ingested radlurm and
that the max!mum contaminant leyel for
radium should be bazed on his value for n
threshold dose. Reasons for using a linear
nonthreshold dose response were glven In
full {n the Statemeut of Basls and Purpose
and are reprodiiced hcre as Part IIT of this
Appendix. The Agency is aware that one study
on the results of clinilcal treatments with
radlnum-224 indlcates that protraction of the
alpha exposure Is more earcinogenic and that
it has been hypotheslzed that lung cancer
may be assoclated with very low dose rates
from alpha partlcle emiltters. -Also, analyses
of the radium dial palnter data have been
Interpreted as Indicating that bone cancers
from lower radium doses occutr later in Iife
than from large doses and thls has been In-
terpreted as an argument for an effective
threshold, However, the United States Publle
Henlth Service has studied this questlon I
some detail, BRH/DBE 70-5, and EPA agrees
with the USPHS finding that the data are
Insufficient to specify an unequivocal! dose
response model and thelr conclusion that,
"¢ * ¢ in the low dose reglon expected to
De experienced by the general puhblic, the
assumption ol a linear nonthreshold model
continues to be a prudent public health
philosophy for standards setting.”

MISCELLANEOQUS

Two Stales requested a definltion of "nu.
clear {acility.” As explained In the Statement
ol Basls and Purpose, the term “nuclear fa-
cility” Is flexible so0 that the States may de-
termine which community waker systems-re-
quire acdditlonal monitoring. The term “aou-
clear facility” should not be consirued as
applying only to nucleer electric-generating
plants and other components in the uranjum
fuel c¥cle but may nlso luclude, at the op-
ton of the State, waste storage areas, experi--
mental facilicies, and medical centers as out-.
lined in the Statement of Basis and Purpose.

Four commentors believed that the pro-
posed regulations would be difficult for per-
FONS WOrKINg In community water systems
1o uniderstand—that they were too technleal.
EPA agrees thls s a nlghly technical subject
not amenable to lay -terms. However, the
Agency has attempted to clarify the regula-
tiona and believes that all States have radlo-
logleal health personnel who are willlng to
assist A supplier of water U particular prob-
lems of interpretation arise,

Several commentors expressed the opinion
that data collected prior to lmplementation
of the proposed regulations should be ad-
missitle ws evidence of compllance. EPA
agrees and the regulations have been modi-
fied 5o 1hat analytical data acqiired one year
prior to the effective date of these regula-
tions may be substituled for monitoring re-
quired during the Inftial period at the gls-
cretlon ol the State. This should reduce inl-
tial monltoring costs.

Two comMmentors expressed concern about
naverse henllh effects that might occur as e
result of sodlum addition to water durlng
the zeolite softening process. Possible health
eflects from sodium were considered in de-
tall by the Agency In the davelopment of the

. proposed regulationa for inorganic cheml-
- cals, as well a8 for radlum, and are discussed

in the Statement of Besis and Purpose. The
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Agency helleves 1t not appropriate to set a
maximum contaminant’ level for sodium.
Tue consensus of oplnion among medical
personnhel in this fleld 13 that, while the
sudium added is not negligible, patlents on A
restricted, but noncritical, sodium dict would
not be adversely affected mt the incrensed
levels contemplated. Patlenta for whom the
incrensed levels might be critical are not
normally permitted to use regular drinking
water supplles but are restricted to speclally
prucessed water. The Statement of Basls and
Purpose recommends that community physi-
clans havihg patients In arcas where the
concentration of sodium i8 increased due to
radium removal be so informed by tho sup-
plier.

One commentor took exception to the sug-
gestion In the preamble that, taken As &
whole, releases from hospitals and other in-
dustrial facilitles would resault in doses com-
parable to those released from nuclear fa-

_cllities such as light water reactors. The
sintement in the preamble was not bosed on
s full scale technical evaluation. The Agency

'is studylng releases of radioactlve materials
from hospitals and other complexed through
contractor reseerch sand will amend this
estimate as necessary bued on these and
other findings.

Several respondents were In doubt as fo
the responsibllities of the water supplier in
terms of actual performance of the required
analyses. Allfed questions were directed to
whether the supplier of water or the State ts
responsible for the cost of analyses.

-It !5 the intent of the regulatlons that the

individual water suppller, while responsible
for compllance with the regulntlons, may
reasonably be expected to collect and trans=-
mit water samples to approved laboratories
for actual performance of the radionnalyals,
It i3 the intent of both Congress and these
regulations that the principal costa Aasoci-
osted with compllance with the Safe Drinking
Water Act be borne by the indlvidual public
water systems. However. & State is not
barred from analyzing samples for public
whter systems without charge.

One commentor wanted (o Know If the
proposed maximum contamlnant leveld for
radioactivity 1n drinking water replaced
-Federal Radlation Councli Guldance on
Radlation Protection Quides for the general
population. These regulntions do not replaca
FRC recomendations on the transicnt Intake
of radioactive mater!als, which included both
‘the food and water pathways, and which
contemplated, except 1n the case of radium,
exposures of less than s lifetime duration,
EPA belleves that the FRC Range II llmit for
large population groups cannot be epplied
to a single pathway, such as drinking water,
since FRC Quides Include exposure from
external radiation, inhaled radioact!vity and
radioactivily in food as well as drinking
water. .

Three commentors questioned basing the
max!mum contamlnant [lmits on the same
dose Ilmit whether applied to any internal
organ or to the whole body. EFA has consld-
ered thla questlon with care in developing
these regulatlons, Yecognlzing that the con-
gervatism of ithe moxlmum econtaminant
limits was incressed by this decision. The
decision not to consider critical organd for
tha Ingestion of radioactivity in drinking
waler {3 based on the National Commlttes
on Radlation Protection (NCRP) recom-
mendationa contalned tn NCRP Report No.
39. In that report, the NCRP recommended
that organ dose 1imits for the general popu-
lation be based on whole body dose and not
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at a [ractlon of the corresponding occupg-
tional dose lmit for critical organa. Ths
NCRP declsion was in part based on the lack
of data avatlable at that time to consider
approprinstely the risk from a radlation tnsult
to varlous organs. Such data nre becoming
avallahle now and the International Com-
mission on Radlatlon Protection (ICRP) {s
considering basing dosa 1imits on the risk to
varloug organ systems. Whken the ICRP rec-
ommendations are developed In final form
they will be considered by EPA.

TART IIT

ORP Policy Statement on the Relationship
Between Radiation Dose and Effeci; March
3, 1975

The actions taken by the Environmental
Protection Agency to protect public health
and the environment require thot the im-
pacts of contaminants in the environment or
relensed into the environment be prudently
examined, When these contaminants are ra-
dloactive materlals and ionizing radlation,
the most important impacts are those ulti=
mately affecting human health, Therefore,
the Agency believes that the publle interest
15 best served by the Agency providing itas
best scientific estimates of such impacts In
terms of potential Ul health.

To provide such estimates, it la neceasary
that judgments be made which related the
presenco of ionizing radiation or radloactive
raaterlals in the environment, 8., potential
exposure, to the Intake of rndionctlve mate=
rlials in the body, to the absorption of en-
ergy from the lonlzlng radiation of different
qualitlea, and Anally to the potentinl efecta
on human health, In many situations the
levels of 1onizing radiation or radloactive
materinls in the cnvironment may bhe meas-
ured directly, but the determinntlon’ of re-
sultant radiation dosea to humans and their
susceptible tlssues {8 generally derived from
pathway und metabolie models and caleula-
tions of energy absorbed. It 15 also necessary
to formulate the relationship between ra-
diation dose and effects; relationshipa dee
rived primarlly from human epidemiological
studles but also reflective of extensive re-
search utllizing nnlmn!s and other blologi-
cal systems.

Although much is known ahout ' radiation
dose-effect relationships at high levels of
dose, a Ereat deal of uncertalnty exists when
high level dose-effect relatlonships are ex-
trapolated to lower levels of dose, particular
1y when glven at low dose rates. These un-
certalnties in the retationships between does
recelved and effect produced aré recoghlzed
to relate, among many factors, to differences
in quallty and type of radiation, total dose,
dose distribution, dose rats, and radiosensi-
tivity, tncluding reppir mechanlsms, gex, vari-
ntlons in age, organ, end state of health.
These fatcors involve compleX mechanisms
of Interaction among blological chemical, and
pliysical systems, the study of which s part
of the contlnuing endeavor to acquire new

sctentific knowledge.

Because of these many uncertainties, 1%
is neccessary Lo rely upon the considered
judgments of experts on the bijologlcanl effects
of lonizing radiation. These Andings are well-
doeumented 1a publications by the United
Natlonsa Sclentific Committes on the Efects
of Atomla Radlation {UNSCEAR), the Na-
tlonal Academy of Sclences (NAS). and the
National Council on Radiation Protection
ond Measurements (NCRP), and have been
used by the Agency !n formulating a polloy
on relatlonship between rl‘.\dlﬂt!on doss and
effect.

VoL 41,
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It Is the preseht policy of the Environ=-
mentul Protection Agency to assumae a llnear,
nonthreshoid relationshilp bétween the mag-
nitude of the radiatlon dose received at en-
vironmentnl levels of exposure and i1l health
produced.pa B means to estlmate the potens
tia) health impact of actions it takes in de-
veloplng radlation protection as expressed (o
criterla, guldes, or standards. This policy la
adopwad in conformity with the generally ac-
cepted ussumption that there s some poten-
tiul {1l health attributable to any eéxposure
10 lonizing radlation and that the magnitude
of this potential Ul health dlirectly propor=
tiongl to the mognitude of the dose received.

In adopting thls general policy, the Agency
recognlzes the Inherent uncertaintles that

+ exist In estimating health impact at the low

levels of exposure and exposure rates expected
to be present In the environinent due to
human actlvities, and that at thess levels
the actuml heaith impact will not be dis-
tingulshable Irom natural occurrences of 111
health, either statlatically or In the farma
of 111 health present. Also, at these very low
levels, meaningful epidemlological studies
to prove or disprove ihils relationship are
dificult, If not practically impossible to con-
duct. However, whenever new {nformatlon 18
lforthecoming, this policy will be revicwed and
updateqd as necessary.

It 15 to be emphaalzed that this policy has
been establlshed for the purpose of estimat-
ing the patentlal human health impact of
Agency actlons regarding radiation protec-
tlon, and that such est!mates do not neces-
sarlly constitute identifable health conse=
quences. Further, the Agency implementation
of this pollicy to estimate potential human

' health effecta presupposes the premise that,

for the same dose, potentlal radlation effects
in other constituents of the blosphere will
be no greater. It 18 generally accepted that
such constltuents are not more radiosensi-
ilve than humans. The Agency believes the
polley %o be'a prudent one.

In estimating potential health effects it i
ilmportant to recognize that the exposures
to be usually experienced by the public will
bLe annual doses that are small fractions of
natural background radiation to at moest &
few times this level. Within ths UBS8. the
natural background radlation dose equiva-
lent varies geographically between 40 to 300
mrem per year. Over such a relatively small
range of dose, any deviations from dose-effect
linenrity would not be expected to signifi-
cantly affect .actlons taken by the Agency,
unless a dose-effect threshold exista.

While the utilizatlon of a linear, non-
threshold relationship Is ugeful as s gen-
erally applicable pollcy for assessment of
radiation effects, It is also EPA's policy in spe-
cific situations to utllize the best avallabls
detalled sclentlfic knowledge In estimating
health impact when such information 1a
mvalliable for speciic types of radiation, con-
ditlons of exposure, and reciplents of the ex~
poaure. In such sltuations, estimates may or
may not be based on the assuraptlions of lin-
earity and a nonthreshold dose. In any case,
the assumptions wili be stated explicitly in
any EPA radlation protection actlons.

The linear hypothesls by ltself precludes
the dévelopment of acceptable levels of riak
based solely on health considerations. Thera=
Tore, in establishing radiation protection
positions, the Agency will weigh not only the
health impact, but also social, economic abd
other conslderations assoclated with the ho-
tivities addressed.

" [PR Doc76-10305 Filed 7-8-78;8:45 am]
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Notice is hereby given that pursuant
to section 1412 of the Public Health Berv-
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ice Act, as amended by the Safe Drinking
Water Act (“the Act,” Pub. L. §3-523),
the Administrator of the Environmental
Protectlon Agency (EPA)} proposes to
issue a new 40 CFR Part 143 setting forth
Becondary Drinking Water Regulations.

The Act was signed by the President
on December 16, 1974, It ls the first Fed-
eral Act dealing in depth with providing
safe drinking water for public use. Na-
tlonal Interim Primary Drinking Water
Regulations were proposed on March 14,
1975, and promulgated on December 24,
1875. Regulations covering radionuclides
were added on July #, 1976. The regu-
lations proposed today, the secondary
regulations, follow and complement: the
primary regulations, While primary reg-
ulations are devoted to constituents and
regulations affecting the health of con-
sumers, secondary regulations are those
which deal with the esthetic qualities of
drinking water. The contaminants for
which Secondary Maximum Contami-
nant Levels are set in these regulations

may not have a significant direct impact’

on the health of consumers, but thelr
presence in excessive quantities may dis-
courage the utilizatlon of a drinking
water supply by the public.

Primary drinking water regulations
are applicable to all public water systems
and are enforceable by EPA or the States
which have accepted primacy; secondary
regulations are not Federally enforceable
and are intended as guldelines for the
States. EPA gxpects the States to give
priority attention to implementation of
the mandatory primary regulafions
which provide health requirements.

Section 1414 of the Act provides:

{d) Whenever, on the basls of informatlon
avallable to lilm, the Adml!nistrator finds
that within a reascnable tlme after National
Secondary Drinking Water Regulations have
been promulgated, one or more public water
Eystems in a State do not comply with such
secondary regulations, and that such non-
compllance appears to result from a failure
of such State to take reasonable actlon to
assure that publlc water systems throughout

such State meet such secondery regulations, -

he shall s0 notify the State.

EPA does not propose to use its re-
sources, on a routine basis, to indepen-~
dently determine compliance or noncom-
pllance with the secondary regulations.
It will, however, review data which may
be reported by the States on a discre-
tlonary basis or which is received inci-
dental to other studles. On the basis of
such review, the agency will consult with
the States to determine the actlon taken
by them to assure compliance and where
appropriate, notify States of noncompli-
ance which has not been acted on.

SECONDARY MaxiMumM CONTAMINANT
LrviLs

The Secondary Drinking Water Regu-
latlons contain maximum econtaminant
levels for chloride, color, copper, cor-
rosivity, foaming apents, hydrogen sul-
fide, {ron, manganese, odor, pH, sulfate,
total dissolved solids and zinc. Brief
statements on the effects of these on wa-
ter quality are listed, and more detalled
comments are avallable In the Statement
of Basis and Purpose, avallable as de-

PROPOSED RULES

scribed in the last section of the
preamble. .

Chloride in reasonable concentrations
is not harmful to humans, but in concens
tratlons above 250 mg/l chloride causes
a salty taste In water which 13 objection-
able to many people. Chloride can be re-
moved from drinking water by dlstilla-
tion, reverse osmosis or electrodialysis,
but in some cases the entry of chloride
into a drinking water sourge can be
minimized by proper aquifer selection
and well construction.

Color may be indicative of dissolved
organic material which may lead to gen-
eration of trihalomethanes and other or-
ganohalogen compounds during chlori-
nation. Color can also be caused by inor-
ganic species such as manganese or lron.
Color becomes objectionable and un-
esthetic to most people at levels over 15
C.U. (Color Uniis). In some cases, color
can be objectionable at the 5 C.U. level,
and States, therefore, should also con-
sider the regulation of color at levels be-
low 15 C.U. Depending on the nature of
the substances causing color, conven-
tional water treatment (flocculation and
filtering), oxidation or carbon adsorption
are processes used for removing color.

Copper 1s an essential and beneficial
element in human metabolism, but cop~
per Imparts an undesirable taste to
driiking water. Small amounts of copper
are generally regarded as nontoxic. Cop-
per can be removed from water by ion
exchange, and by proper control of pH,
where the source of copper s the cor-
rosion of copper pipes.

Corrosivity is 8 complex characteristic
of waler related to pH. alkalinity, dis-
solved oxygen and total dissolved solids
plus other factors. A corrosive water, in
addition to dissolving metals with which
it comes in contact, also produces objec-
tionable stains on plumbing fixtures. Cor-

-roslvity s controlled by pH adjustment,

the use of chemical stabllizers, or other
means which are dependent upon the
specific coniditlons of the water system.

The corrosivity of drinklng water is a
rarameter which has not only esthetle
significance, but health and economic
significance as well. The products of cor-
rosion having the greatest health signif-
icance, cadmium and lead, are addressed
in primary regulations, but there is also
a sufficient basis to Include corrosivity in
secondary regulations. The problem lies
in the lack of a simple, generally accep-
table means for measuring the corrosiv~
Ity of waler and thus the lack of a gen-
erally acceptable numerical index for as-
sessing and limiting corrosivity, There
are & number of indices in use, but no
agreement on a single one which would,
in all cases, definitively say whether or
not a given water was corrosive. An at-
tempt to circumvent the problem can be
made by specifying, In lleu of an index,
practical tests of corrosivity using pipe
sections, metal coupons or water analyses
for the determination of the corrosive
properties of a water. Unfortunately,
most of these tests, as well as most in-
dices, are not universally applicable and
requlre long periods of time to carry out
or develop. For a corrosivity test or index
to be widely used and applled, the testing
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procedure must be rapid, simple and gen-
erally applicable. Comments are solicited
from the public on & practical means for
gssessing corrosivity, as well as an as-
soclated number to be used as a Second-
ary Maximum Contaminant Level,
Foaming is a characteristic of water

- caused principally by the presence of de-

tergents and simllar substances. Water
which foams is definitely unesthetic and
considered unfit for consumption. The
foamability of water Is measured by the
quantity of methylene blue active sub-
stances (MBAS) present. Foaming sub-
stances can be remaved from drinking
water by carbon adsorption, but it is
preferable to prevent contamination of
water by these substances.

Hydrogen-sulfide is an odorous gas. Its
presence in drinking water Is often ate
tributed to microbial action on organic
matter or the reduction of sulfate fons
to sulfide. In addition to its obnoxious
odor, hydrogen sulfide in association with
soluble fron produces black stalns on
laundered items and black deposits on
piping and fixtures. Hydrogen sulfide is
removed from drinking water by aera-
tion or chemical oxidation.

Iron is & highly objectionable cbnstit-
uent of water supplles for either do-
mestic or industrial use. Iron may im-
part brownish discolorations to laund-
ered goods. The taste that it imparts to
water may be described as bitter or
astringent, and iron may adversely affect
the taste of other beverages made from
water. The amount of {ron causing ob-
jectionable taste or laundry staining con-
stitutes only a small fraction of the
amount normally consumed in the dally
diet and thus does not have toxicologic
sighificance. Iron can be removed from
water by conventional water treatment
processes or jon exchange and also by
oxidation processes followed by filtering.
If the iron comes from the corrosion of
iron or steel piping the problem can
often be eliminated by practicing corro-
sion control, -

Manganese, like iron, produces dis-
coloration in laundered goods and im-
pairs the taste In drinking water and
beverages, including tea and coffee. At
concentrations In excess of 0.05 milll-
grams per liter, manganese can occasion-
ally cause bulldup of coatings in distri-
bution piping which can slough off and
cause brown spots in laundry items and
unethetic black precipitates. Managa-
nese can usually be removed from water
by the same process used for iron re-
moval.’ )

QOdor ts an Important esthetlc quallty
of water for domestic consumers and
process industries such as food, beverage
and pharmaceutical meanufacturers,
which require water essentially free of
taste and ordor, It Is usually impractical
and often Impossible to isolate and iden-
tify the odor-producing chemical. Eva-
luatlon of odors and tastes is thus de-
pendent on the Individual senses of smell
and taste. In many cases, sensations as-
cribed to the sense of taste are actually
odors. Odors are usually removed by car-
bon adsorption or azration.

The range of pH in public water sys-
tems may have a variety of esthetic end
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health effects. Corrosion effects are com-
monly assoclated with pH levels below
8.5. As pH levels are increased to above
8.5 mineral incrustations and bitter taste
can occur, the germicldal actlvity of
chlorine is substantlally reduced and the

rate of formation of trihalomethanes is-

significantly increased, However, the im=
pact of pH In any one water system will
vary de,-ending on the overall chemistry
and composition of the water so that a
more or less restrictive range may be ap-
propriate under specific circumstances.

Sulfate may cause detectable tastes at
concentrations of 300-400 milligrams per
liter; at concentrations above 600 milli-
grams per liter it may have a laxative ef-
fect. High- concentrations of sulfate also
contribute to the formation of scale in
bollers and heat exchangers. Sulfate can
be removed from drinking water by dis-
tillation, reverse osmosis or electrodinly-
sis. The laxattve effect noted above
seldom affects regular users of the water
but transients are particularly suscep-
tible. For this reason it is recommended
that States institute monitoring pro-
grems for sulfate, and that transients be
notified if the sulfate content of the
water is high. Such notification should
include an assessment of the possible
physlological effects of consumption of
the water.

Total Dlssoived Bolids (TDS) may
have an Influence on the acceptabllity
of water in general, and in addition a
high TDS value may be an indieation
of the presence of an excessive concen-
tration of some specific substance that
would be esthetically objectionable to
the consumer. Excessive hardness, taste,
mineral deposition or corrosion are com-
mon properties of highly mineralized
water. Dissolved solids can be removed
by chemical precipitation In some cases,
but distillation, reverse osmaoslis, electro-
dialysls and lon exchange are more gen-
erally applicable.

Zine, like copper, is an essential and
beneficial element in human metabolism.
Zinc can also impart an undesirable
taste to water. At higher concentrations,
zinc salts impart & milky appearance to
water. Zinc can be removed from water
by conventional water treatment proc-
esses or lon exchange, but since the
source of zinc is often the coating of gal-
vanized iron, corrosion control will mini-
mize the introduction of zinc into drink-
ing water. At the same time, corrosion
control will minimize the Introduction
of lead and cadmium Into the drinking
water, since lead and cadmi{um are often
contaminants of the zinc used in gal-
vanizing.

CONTAMINANTS ConsipEREs Buyr Nor
INCLUDED IN THE REGULATIONS

In addition to the above contaminants,
several other drinking water parameters
were considered for inclusion in these
regulations. Among these are hardness,
alkalinity, phenols, sodium and standard
plate count,

Since high levels of hardness have
Slgnificant esthetic and economic effects,
.the removal of hardness (softening)
can be consldered beneflcial from a non-

PROPOSED RULES

healih Mafiddoint. However, correlations
between the softness of water and the
incldence of ¢ardiovaséular disease have
been shown, in some studies, so the prac-
tice of softening drinking water s being
discouraged by some sclentists - and
physiclans, Available iInformation is not
sufficient at this time . to balance ‘the
esthetic desirablty of settng & limitifor
hardness agalnst the potentlal health
risk of water softening.

Phenols, particularly the 'chloro.’

phenols, are esthetically objectionable
because of the taste and ordor they
produce. Some of the chlorophencls
produce a detectable taste or odor at
concentrations as low as 1 ppb. While
analysls for phenols in this concéntra-
tion area might present some difficulties,
the odor test can easlly detect the
presence of ‘these compounds and thus
makes the fnclusion of a iimit for phenols
unnecessary.

The principal concern-with respect to
sodlum relates to its potential health
slgnificance rather than to esthetic el-
fects. However, existing data did not
support the establishment of 8 Maxl-
mum Contaminant Level for sodium in
the Interim Primary Drinking Water
Regulations. It is recommended that
the States institute programs for regu-
lar monitoring of the sodlum content of
drinking water served to the public, and
for informing physiclans and consumers
of the sodium concentration in drinking
water. By this means, those affected by
high sodium concentrations c¢an make
adjustments to thelr diets, or seek alter-
native sources o! water to be used for
drinking and food preparation.

It has been suggested that standard
plate count, a measure of bacterlal con-
centration, be included as an esthetic
parameter in these regulations but it
causes no observeble esthetic effect and
consequently is not appropriate for
inclusion. Microblological MCL's are
contained in the National Interim Pri-
mary Regulations.

MONITORING

Since these regulations are not Fed-
erally enforceable, there are nc asso-
clated monitoring requirements. As a
practical minimum, however, it is recom-
mended that the contaminants listed In
these regulations be monitored slong
with the inorganic chemicals monitored
to determine compliance with the pri-
mary regulations. Cbviously, some pa-
rameters are subject to frequent varia-
tions and, therefore, may need to be
monitored more frequently, The States
may wish to supplement these Yegula-
tions with more specific monitoring re-
quirernents in their -own laws and
regulations. .

EconoMic IMPACT

As noted above, the Secondary Drink-
ing Water Regulations are not Federally
enforceable, so the extent of their Im-
plementatlon and thus the assoclated
economic impact is impossible to judge.
However, since there are data available
on the prevalence of some of the con-
taminants Msted in these regulations
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‘and since treatmeht costs are also availd
able, a limited economic evaluation has
been prepared. Actual compliance will
depend on the leve] of State implementa-

‘tion, and customer dissatisiaction and

willlingness to pay for improvements. -

The limited evaluation considers cost
Impacts on consumers In different alee
systems for treatment to remove.iron
and manganese and to adjust pH levels
for corrosion control, It demonatrates
that, esthetic parameters are exceeded -
most often In small water systems with
only'a low rate of exceeders In the 1arger
gystems. For example, in the Natlonal
Community Water Bupply Study, 25 per-
cent of the systems falled at Jeast one
esthetic 1imit but this represented only
12 percent of the study population; con-
versely B8 percent of the study popula-
tlon had esthetically satisfactory water.

The per-customer costs of providing

‘iron and manganese contro] and pH ad-

justment for corrosion control were sub-
stantially greater for small water sys-
tems than for the large systems. The
monthly cost per household was esti-
meted at $2.60 (25-99 persons served)
as against £1.10 for systems serving over
100,000 and recent fleld data indicale
that the small system costs may be much
higher under some cirecumstances. These
data may provide the reason for the
probable existence of more fregquent
esthetle quality problems in small sys-
tems Where the customer may be willing
to accept 8 lower esthetic quatity water
rather than.to pay higher treatment
costs. These cost data can be used by
States and communities as indicators
of approximate cost of compliance.
Further information regarding the eco-
nomic evaluation may be obtained from
the Office of Water Supply.

CoMMENTS AND PubLIc HEARING

Interested persons may participate In
this rulemeking process by submitting
written comments In triplicate to the
Office of Water Bupply (WH-550),
Criteria and Standards Division, En-
vironmental Protection Agepcy, Wash-
ington, D.C. 20460. :

During the development of these pro-
posed regulations, additional suggestions
were received, Including a recomumnenda-
tion that, for Total Dissclved BSolids,
chloride and sulfate, three different
levels be set (1) a Recommended Level,
(2) an Upper Limit and (3) a 8hort-
Term Limit. The Recommended Level
would represent the desirable concentra-
tion for & high degree of consumer ac-
ceptance; the Upper Limit would be ac-
ceptable when it 1s not reasonably feasi-
ble to provide more suitable water; and
the Short-Termm Limit would be con-
sidered acceptable only for existing sys-
tems pending construction of treatment
facilities or development of new water
sources, Other suggestions were that
maore frequent.monitoring be recom-
mended for constituents, such as color
and ador. whose concentrations vary
from day to day. Bodium has also been
suggested for inclusion in the secondary

MCL's.
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