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Introduction
• Regulating chromium-VI. With this contaminant in the
news lately, the U.S. Environmental Protection Agency’s
background research for deciding whether it should be
regulated can become an invaluable tool. You’ll learn
about how the agency is approaching the frequency of
chromium-VI occurrence and examining treatment costs.

According to a scientifically conducted opinion survey,
product knowledge and the ability to answer questions are
the two qualities Americans deem most important in a water
treatment professional. People expect you to know your
stuff. It’s that simple.
The 2014 Education Kit is specially designed to help get
you there. This year, we chose the timely topics that you’re
likely to face from your customer base. Much of the
information comes from extensive independent studies
conducted for the Water Quality Research Foundation
(WQRF) – our research arm – to supply you with trustworthy
facts and figures. We’re focusing on the following topics:

The opinion survey on consumer attitudes, which was
released by WQA earlier in 2013, shows an increasing
public awareness of water issues. And a growing concern.
Fully 52 percent of respondents list their level of concern
at a 4 or 5 out of 5, while Americans increasingly say their
primary concern over water quality is related to contaminants.

• Saving energy and appliances with water softeners.
Backed up with the facts of our 2010 study on the benefits
of softened water, you’ll be able to show customers
exactly how water softeners can save significant amounts
of money and energy while helping preserve the
efficiency of water heaters and other major appliances
• The reality behind septics and softeners. After years of
speculation, WQRF commissioned a comprehensive
research project to find out exactly what effect water
softeners might have on septic systems. Using these
results, you can speak with authority to those who have
lingering questions.

Consumers are looking for educated professionals to help
them address these concerns. When you read these
articles and complete the quizzes, you’ll be taking a big
step in becoming the resource your customers want.

Tanya Lubner, Ph.D.

Director of Education & Professional Certification
Water Quality Association

Additional educational resources can be found, organized by topic, at wqa.org/education and are available in the WQA
Store at wqa.org/store or by calling 630 505 0160.
Each year, WQA Aquatech USA offers over 30 consecutive hours of education on a wide variety of water treatment
topics. See wqa-aquatech.com for the upcoming 2014 sessions. Recordings and speaker slides from past meetings are
available through the WQA Store (wqa.org/store, 630 505 0160).
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WQRF Softened Water Benefits Study Energy Savings
Excerpted and edited for clarity

T

his study tested devices fed
with softened and unsoftened
water under controlled
laboratory conditions designed to
accelerate the water side scaling in
the device and quantify the performance
efficiency. The project specifically
focused on efficiency improvements
in household water heaters from
use of softened water, and the
subsequent effect on performance
of fixtures, such as low flow showerheads and faucets and appliances,
such as laundry washers and
dishwashers. For this study, the
Water Quality Research Foundation
(WQRF) contracted with the Battelle
Memorial Institute in Columbus,
OH. Battelle tested 30 water heaters
supplied by WQA over a 90-day
period using a Battelle-developed
and WQA-approved test protocol.
Battelle simultaneously studied the
effect of water hardness on performance
of faucets, low-flow showerheads,
dishwashers, and laundry washers.
Using the empirical data generated
from the water heater testing and
the effect on performance of fixtures
and appliances, Battelle developed
a differential carbon footprint assessment
for homes using unsoftened water
verse softened water.
WATER HEATER EXPERIMENTAL
SET-UP
Battelle set up and tested ten
storage-type gas water heaters, ten
storage-type electric water heaters,
and ten instantaneous gas water
heaters with the following specifications using an accelerated scaling
methodology developed at Battelle.

•
•
•

Gas Water Heaters (10), 40 gal,
38,000 Btu/h burners
Electric Water Heaters (10), 40
gal, 4500 W heating elements
Tankless (Instantaneous) Gas
Water Heaters (10), 199,000
Btu/h burners

Five of each type of device were
tested without any preconditioning
of the water supply, and the other
five were tested using a water softener
to remove hardness constituents
from the water supply. Five units
were chosen for each of the groupings
in order to be able to calculate 95
percent confidence intervals for the
results.
At the start of the test and at
approximately one week intervals,
the thermal efficiency of each water
heater was measured to determine
the change in efficiency as water
side scale built up in each water
heater. Each water heater was
instrumented to measure the inlet
and outlet water temperature at
15-second intervals, the amount of
hot water generated, and the amount
of energy (gas or electric) used to
produce the hot water. These data
were used to calculate the average
thermal efficiency of the water
heater.
The accelerated test protocol was
based on the following assumptions.
• The amount of scale buildup in
the water heaters is proportional
to the amount of hot water put
through the device.
• The water heaters use a periodic
water draw of approximately 1.25
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•

•

•

•

•

gpm for 4 minutes, which is a
total draw of 5 gallons of hot
water through the device.
To allow the water heaters to
reheat sufficiently before the
next draw, the time between
water draws was 15 minutes for
the gas storage-type water
heaters, 30 minutes for the
electric storage-type water
heaters, and 12 minutes for the
instantaneous gas water heaters.
A control system was setup to
automatically withdraw water
from each tank at the set
intervals for 24 hours a day. This
yielded a total of 240, 480, and
600 gallons per day of hot water
generated by the electric storage
water heater, gas storage water
heater, and gas instantaneous
water heater, respectively.
An average family in the US
uses about 50 gallons of hot
water per day.
The acceleration factor for the
water usage is 4.8, 9.6, and 12
for the electric storage water
heater, gas storage water heater,
and gas instantaneous water
heater, respectively.
The amount of scale buildup in
the water heaters is directly
proportional to the water hardness.
With a water source with a
hardness of approximately 26
grains per gallon, the scale
buildup in the water heater to be
approximately 2.6 times the amount
than if Battelle were using a water
source with 10 grains per gallon
hardness. In this case, the
acceleration factor for the water
hardness is 2.6 (= 26/10).
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In addition, a rough rule of thumb is that for every 20°F
increase in setpoint temperature of the unit, the amount
of water scale buildup is doubled. Electric storage-type
water heaters are shipped from the factory with their
thermostats preset at 120°F. Battelle operated the test
units at a setpoint temperature of 140°F for instantaneous
water heaters, 160°F for gas storage water heaters, and
150°F for electric storage water heaters. Compared to
the same unit operating at 120°F, the instantaneous water
heaters, gas storage water heaters, and electric storage
water heaters are expected to generate 2, 4, and 2.8 times
as much scale, respectively, due to the higher operating
temperature.

respectively. This shows that calcium carbonate is the
most significant constituent of the scale. However, iron
present in the water gave the hard water deposits a
red/brown tone. Iron causes unsightly red and/or brown
staining in not only the scale but also on fixtures, faucets,
porcelain, and clothing that contact the water.
Iron is a rather common water problem in addition to
and often accompanying hard water scaling. Iron is the
fourth most abundant element on earth. It enters water
naturally as it is dissolved from the earth’s crust or as iron
or steel pipes corrode. As iron reacts with oxygen, it is
converted from a water soluble and ionic ferrous iron
into a precipitated red water ferric iron, which causes
staining. Like water hardness, iron does not cause health
related problems in water supplies.

Using the above correlations, the overall acceleration
factor for the cases described above is 35, 100, and 62
per day of testing for electric storage, gas storage, and
gas instantaneous. Table 1 summarizes the individual
factors and the composite. Each water heater was tested
for 90 days at the above conditions.

Iron and water hardness rather create aesthetic and
economic problems. The US Environmental Protection
Agency advises a secondary maximum contaminant level
(SMCL) for iron of 0.3 ppm to avoid aesthetically displeasing
iron staining. Cation exchange water softeners replace
hardness causing ions of calcium and magnesium as
well as dissolved ions of other metallic elements, including
iron and manganese, for those of sodium or potassium.

Table1. Summary of Acceleration Factor Calculations

Water softening is generally considered effective for
treating levels of iron up to 5 ppm, although many field
installations have performed very satisfactorily removing
up to 15 ppm of dissolved Fe+2 iron with cation exchange
water softeners. Many homeowners purchase water
softeners to remove iron from their water supply in addition
to calcium and magnesium. The appliances using
unsoftened water were prone to heavy iron staining on all
internal surfaces, whereas those appliances on softened
water did not show this effect.

The well water Battelle used for this testing contained an
elevated concentration of iron which imparted red staining
to the scale, the appliances, and the fixtures as is evident
throughout the test results presented in this section. The
unsoftened well water contained 26.2 grains per gallon
of water hardness and 0.99 parts per million (ppm) or
milligrams per liter (mg/liter) of iron. The softened well
water contained less than 0.55 grain per gallon of water
hardness and 0.27 ppm of iron. Samples of the scale
were dissolved in solution and a quantitative analysis
performed of the solutions to determine the percentage
of calcium carbonate, magnesium, iron, and other species
in the scale deposits. (Full results presented in Appendix
Q of the full report.)

WATER HEATER RESULTS
At the start of the test and at approximately one week
intervals, the thermal efficiency of each water heater was
measured to determine the change in efficiency as water
side scale builds up in each water heater. Each water
heater was instrumented to measure the inlet and outlet
water temperature at 15 second intervals, the amount of
hot water generated, and the amount of energy (gas or
electric) used to produce the hot water. This data was

The analyses show the concentrations of calcium, magnesium
to be 2079 ppm, 96 ppm, 164 ppm, 28 ppm, and 21 ppm,
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used to calculate the average thermal efficiency of the
water heater.

In summary, the electric and gas storage water heaters
and the instantaneous gas water heaters on soft water
performed well throughout the entire testing period. Although
the pressure regulators and needle valves were tweaked
throughout the testing to maintain constant testing
conditions, all of the water heaters on soft water required
minimal attention because the conditions were very stable.
This is reflected in the efficiency data for these units that
show the efficiency remained essentially constant over
the duration of the testing with the variations being
within the experimental error of the instrumentation and
testing protocol. Overall, the softened water did a good
job of minimizing scale buildup in the water heaters.

Water heater efficiencies were calculated for the groups
of instantaneous gas water heaters, gas storage water
heaters, and electric storage water heaters. Five water
heaters in each group were operated using unsoftened
well water (26.2 grains per gallon, 0.99 ppm iron); and
five water heaters were operated using softened well
water (0.55 grains per gallon, and 0.27 ppm iron). The
efficiencies were calculated using the following energy
balance. The energy output delivered from the hot water
withdrawn from the tank is:
Qout = mc(Tout – T)

[Equation 1]

In contrast, none of the electric or gas storage water
heaters or the instantaneous gas water heaters on
unsoftened water made it through the entire testing period
because the outlet piping system consisting of one-half
inch copper pipe, a needle valve, and a solenoid valve
became clogged with scale buildup. Although the pressure
regulators and needle valves were tweaked throughout
the testing to try to maintain constant testing conditions,
all of the water heaters on unsoftened water were removed
from the testing at some point due to the inability to
maintain sufficient flow.

where
m = the measured amount of water withdrawn from
the tank,
c = the heat capacity of water,
Tout = the measure outlet water temperature, and
Tin = the measured inlet water temperature.
The energy input into the tank was determined for electric
water heaters by directly measuring the kilowatt hours
used with a watt-hour meter. For gas water heaters, the
energy input was determined using:
Qin = V x H

The instantaneous water heaters on unsoftened water
had to be delimed at 1.6 years of equivalent field service,
and the average efficiency of these units dropped from
80 percent at the start of the test to 72 percent, when they
were delimed. After deliming, the average efficiency of these
units increased to about 77 percent but was still below the
80 percent starting efficiency. The cost implications of these
findings are addressed in [the conclusion of] this report.

[Equation 2]

where
V = the measured volume of natural gas used, and
H = the measured Btu content of the natural
gas using a gas chromatograph.
The efficiency was then calculated using:
E = Qout / Qin

[Equation 3]

The average efficiency of the gas storage water heaters
on unsoftened water dropped from 70.4 percent at the
start of the test to 67.4 percent at two years equivalent
field service. These data were used to derive equations
to predict the efficiency of gas storage water heaters as
a function of water hardness and daily household hot
water usage. The average rate of scale buildup in the gas
storage water heaters on unsoftened water was about
528 gm/yr (1.16 lb/yr). The average rate of scale buildup
in the gas storage water heaters on soft water was about
7 gm/yr (0.01 lb/yr), which is almost negligible.

where
E = the efficiency of the water heater.
At the end of the 90 days of testing, each water heater
was carefully cut in half and the water side scale removed
from the inside surfaces and weighed. A statistical
analysis of the data was completed to determine the
average performance improvements of the group of water
heaters using softened water when compared to the
baseline group of water heaters using unsoftened water.
Ninety-five percent confidence intervals were calculated
based on five water heaters being tested in each group.
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The electric storage water heaters on both softened and unsoftened water
were able to maintain a constant efficiency throughout the entire test period
because the heating elements were completely submerged in the water.
However, the life of the heating element in unsoftened water is expected
to be shortened due to scale buildup increasing the operating temperature
of the element. The average rate of scale buildup in the electric storage water
heaters on unsoftened water was about 907 g/yr (2.00 lb/yr). The average
rate of scale buildup in the electric storage water heaters on soft water
was about 14 g/yr (0.03 lb/yr), which is almost negligible.
[The following] equation can be [used] to predict the efficiency of gas
storage water heaters at other water hardness levels, and for other daily
hot water usage amount by putting it into the form below:
E = Eo – bt

Equation [4]

where
[E = the efficiency at time t,
Eo = the initial efficiency of the water heater at t =0, in this case 70.4 %,
t = the time in equivalent years defined as usage in gallons divided
by 18250 gallons per year.]
b = (0.001133)HG,
(Gas Storage Water Heaters Only)

Equation [5]

H = the water hardness in grains per gallon, and
G = the daily household hot water usage in gallons per day.
For the gas storage water heaters on unsoftened water, the water
hardness was 26.2 grains per gallon, and a daily hot water usage of 50
gallons per day was assumed. When these values are plugged into Eq.
[5], the value for b is 1.485…. The expression for b assumes that if the
usage rate doubles, the amount of scale buildup inside the water heater
also doubles.

Figure 1.
Predicted efficiency
of a gas storage
water heater
operating on soft
water (0 grains per
gallon) versus one
operating on
unsoftened water
with a hardness of
30 grains per
gallon.
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For gas storage water heaters on soft
water with a water hardness level of 0.0
grains per gallon, Eq. 2 reduces to a constant
value Eo for the efficiency for all times,
which is consistent with Battelle’s research
findings discussed in Section 5.3.1. Figure 1
shows the [calculated] efficiencies of gas
storage water heaters operating on soft
water is constant with time, whereas those
units operating on unsoftened water
experience significant degradation in
efficiency over time.
FIXTURES AND APPLIANCES
Ten low flow showerheads were installed
on the hot water supply coming from the
instantaneous gas water heaters; five were
tested on unsoftened water and five were
tested using softened water. The low flow
showerheads on unsoftened water were
removed from testing as they clogged up
to the point of not allowing adjustment to
a 1.25 gpm flow rate at any time during the
test. All of the low flow showerheads on
softened water made it through the testing
without any problems. However, the low flow
showerheads on unsoftened water clogged
after an average of 3,203 gallons of water
flow through them.
Six dishwashers (Kitchenaid ) and laundry
washers (General Electric) were purchased
to test the effect of unsoftened water on
the performance of the appliances. The
electronic controls for this equipment were
integrated into the automated data acquisition
and control system designed for the testing.
The wash and dry cycles of the dishwashers
and the wash cycles of the laundry washers
were controlled automatically with the units
going through eight cycles every 24 hours.
The clothes washers were loaded with 7 lbs
of restaurant hand towels. The dishwashers
were loaded with eight place settings of
dishes and flatware. At the end of the 30
days of testing, the dishwashers and clothes
washers were examined before a teardown
analysis was initiated. The units using
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Further, there are environmental benefits to the use of a
water softener: the lower use of natural gas leads to
reductions in the carbon footprint which are related to
the decrease in total energy consumption. The increase
in total energy consumption (as a result of a reduction in
heat transfer efficiency) is related to the hardness: higher
water hardness will lead to greater energy consumption
without the use of a water softener, and consequently
greater energy costs.

softened water were almost completely free of any water
scale buildup. In contrast, the units using unsoftened
water (26 grains per gallon) had noticeable water scale
buildup on all of the interior surfaces after only 30 days
of testing. Although both of the dishwasher and clothes
washers completed the same number of wash cycles
(240), the appearance of the inside of the units using
unsoftened water shows that it needs to be delimed and
cleaned due to the buildup of scale and deposits. On the
other hand, the units using soft water appeared as if
they could be cleaned up to look like new with just a
quick wipe down.

Table 2. Estimated Savings for Gas-fired Water Heaters
Using Softened Water Over 15 Years Life

CARBON FOOTPRINT
Battelle assessed that carbon footprint of the water
heaters by evaluating the energy consumption within
the home and the resulting greenhouse gas emissions.
The results parallel those for the energy consumption, in
that where there are energy efficiency differences there
are also carbon footprint differences. For the storage-type
gas water heaters, there was a reduction in carbon footprint
of 14.8% over a fifteen year water heater service life with
softened water compared to 26 gpg hard water, when
considering both the natural gas used for water heating
and the electricity used for water softening. For the
instantaneous water heaters, there was a reduction in
carbon footprint of 4.4% over a fifteen year water heater
service life, when considering both the natural gas used
for water heating and the electricity used for water
softening.

Electric storage water heaters did not record any difference
in the electricity consumption between units receiving
softened or unsoftened water. However, the life of the
heating element on the electric water heater receiving
unsoftened water would be expected to be shorter.
Low flow showerheads and faucets using unsoftened
water clogged in less than seven days of accelerated life
testing, whereas those units using softened water made
it through the test without any problems.

CONCLUSIONS
For gas storage and instantaneous water heaters, the
use of a water softener to eliminate or minimize the scale
forming compounds in water will result in the efficiency
of the water heater remaining constant over the life of
the unit. In contrast, gas storage and instantaneous water
heaters using unsoftened water had a noticeable decrease
in efficiency over the testing period resulting in higher
natural gas use. This natural gas savings associated with
the use of softened water will lead to direct energy and
economic savings, as seen in the summary results in
Table 2. In addition, because of the need to have the
instantaneous water heater delimed or cleaned periodically,
the economic savings can lead to recovery of the cost
of a water softener and operating supplies in a period
as short as a year, if the inlet water is sufficiently hard.

The dishwashers and clothes washers on either soft or
unsoftened water made it through 30 days of accelerated
scale testing, but the units on unsoftened water had
noticeable scale buildup on all surfaces that had contact
with unsoftened water.
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QUIZ 1: Softened Water Benefits Studies (0.25 CPD)
1. What were the research goals of this study as related to
water heaters?
a) Determine the effects of water softeners on corrosion
in water heaters.
b) Determine the effects of water softeners on bacterial
growth in water heaters.
c) Determine the difference in energy efficiency of water
heaters on softened water vs. hard water.
d) Determine the difference in energy efficiency between
storagetank-type water heaters and instantaneous
water heaters.

5. The scale seen in this study had a strong, dark orange
color. Based on the concentration of iron in the highhardness challenge water, what can be said about the
persistence of the orange color?
a) The orange color is to be expected as challenge
water contained 0.99 ppm of iron and 0.3 ppm is
sufficient to see staining.
b) The orange color is surprising as the 0.99 ppm of
iron in the challenge water is much lower than the
3.0 ppm needed to see iron staining.
c) The orange color in the dishwasher on hard water
is surprising as detergents are formulated to block
iron deposits.
d) Iron staining should have been visible in the softened
water results also, as the 0.27 ppm of iron in the
softened water is so close to the 0.3 ppm where
staining occurs.

2. What can be said about the calculation of thermal efficiency
of the water heaters with and without softened water?
a) The calculated efficiency reflects the ratio of heating
energy used to the energy in the heated water.
b) The calculated efficiency is based on the length of
time the water heater was able to operate prior to
failing.
c) The calculated efficiency is based on an estimate of
pressure loss through distribution piping.
d) The calculated efficiency is based on a correction
factor applied to the factory efficiency.

6. Why was the life cycle operating efficiency reduction for
instantaneous gas water heaters not calculated?
a) The required regular deliming restored efficiency to
just below initial levels.
b) Sufficient experimental data could not be accumulated.
c) No efficiency reduction was observed.
d) The instantaneous heaters failed before the end of
the experiment window.

3. Why didn't any of the water heaters on unsoftened water
make it through the entire testing period?
a) Corrosion caused leaks in the outlet piping.
b) Outlet piping clogged with scale build-up.
c) Efficiency was severely reduced due to scale build-up.
d) Effects were sufficiently obvious from just a few
days of testing.

7. What benefit of softened water did this study demonstrate
for plumbing fixtures?
a) Softened water prevents detergent etching of fixtures.
b) Softened water prevents clogging of fixtures.
c) Softened water prevents rusting of fixtures.
d) Softened water prevents corrosion of fixtures.

4. What was the efficiency reduction in electric storage
water heaters in this study?
a) No reduction in efficiency was found
b) 3% reduction in efficiency
c) 8% reduction in efficiency
d) 25% reduction in efficiency

8. How was the efficiency improvement information determined
for the various water hardness levels besides 26.2 gpg?
a) By measuring results from four additional challenge
waters of varying hardness concentration.
b) By mathematically extrapolating from the results at
26 gpg, using the assumptions listed in the study.
c) By comparing the results between the gas-fired
storage tank heaters and the gas-fired instantaneous
heaters.
d) By comparing the results between the gas-fired
storage tank heaters and electric storage-tank heaters.
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continued from page 7
9. Instantaneous water heaters are promoted as water-saving
technology as they eliminate the need to draw off cold
water from a storage tank while the heater brings water to
the desired temperature. What additional environmentallyfriendly benefits does adding a softener provide?
a) Lowers the carbon footprint resulting from the need
to regularly delime an instantaneous unit on hard
water and lower natural gas consumption.
b) Decreases the flow rate of water through the
instantaneous unit to provide more even heating of
the water, leading to lower natural gas consumption.
c) The increased sodium content of the softened water
acts as a bacteriostat to prevent Legionella growth
in the heated water, reducing the need for added
chemical disinfectant.
d) Decreases the emissions from a gas-fired instantaneous
unit as a result of more even heating of the water.

10. What did the study show as the potential percent total
cost savings for operating instantaneous gas-fired
water heaters on softened water vs. 10 gpg water, over
15 years?
a) 4.1 %
b) 5.4 %
c) 6.6%
d) 22.5%
11. How hard would the raw water need to be to realize a
14% energy cost savings over 15 years for a gas-fired
storage tank heater?
a) 5 gpg
b) 10 gpg
c) 15 gpg
d) 20 gpg
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WQRF Environmental Impact StudyChanges in septic tank effluence due
to water softener use
Excerpted and edited for clarity

T

his study was undertaken
to investigate the effect
home ion-exchange water
softeners may have on septic tank
performance. A column study was
set up, and varying levels of sodium
were added to wastewater influent
and these were added to columns
that contained solids collected from
operating septic tanks. In addition,
effect of slug influent solutions, which
mimic regeneration flow, with varying
amounts of sodium along with calcium
and magnesium were investigated. To
reinforce the lab column experiments,
data were obtained from private septic
tanks [in Naples, New York] to determine
the effluent quality from septic tanks
which respectively diverted and
received the regeneration flow.
INTRODUCTION
Home water softeners are often used
in homes that use wells or other water
sources with high hardness because
of either aesthetic concerns or potential
detrimental effects on water heaters
and appliances. Onsite wastewater
treatment is also frequently used in
rural locations. The softening process
uses ion exchange technology to
remove calcium and magnesium
from water and replace them with
an equivalent concentration of sodium.
The exchange resin in the water
softener has a limited capacity and
it eventually becomes saturated with
calcium and magnesium. The resin
must then be regenerated using
enough sodium to break the cationic
bonds the hardness elements formed

The sodium is introduced at varying
quantities depending on initial hardness
and softener efficiency. This waste
regenerating solution (regenerant
waste) consists of sodium as well as
the calcium and magnesium removed
from the saturated resin. The regenerant
waste must be disposed of periodically,
and the simplest disposal method is
to discharge it to the sewer system
or to the septic tank of the onsite
waste water treatment system, as
applicable.
The combined use of home ion
exchange softeners and septic tanks
raises several issues. First, because
sodium has been exchanged for
calcium and magnesium, wastewater generated in the home and
discharged to the septic tank will
have elevated sodium levels which
may affect physical and chemical
reactions. In addition, when regenerant
is periodically discharged to the
septic tank, additional sodium ions
along with the exchanged calcium
and magnesium are added to the
contents. Higgins and Novak (1997
a) have shown that high concentrations
of sodium can lead to deflocculation
in activated sludge systems, but that
calcium and magnesium can help in
the settling of the solids. Higgins and
Novak (1997 b) also proposed that
when the monovalent to divalent
cation ratio exceeds two, effluent
characteristics in activated sludge
systems can deteriorate. Therefore,
if the ratio of monovalent to divalent
ions exceeds a desirable level for such

9

operation in anaerobic conditions in
septic tanks, it is reasonable to theorize
that combining septic tanks with ion
exchange softening may result in poor
quality discharges from septic tanks
to the drain field or subsequent
treatment components.
Some onsite industry leaders believe
that the brine produced by regeneration
of the exchange resin within the water
softener has a negative effect on the
ability of the septic tank to settle solids
and treat wastewater. There has been
limited research to suggest that
addition of the brine solution can
actually improve onsite wastewater
treatment system performance (Water
Quality Association, 1978). These
concerns have led to a few states
passing laws or providing guidance
to divert regenerant away from the
septic tank. Options include discharge
to a dedicated drain or to a separate
tank for collection and offsite disposal
(Harrison and Michaud, 2005). Diverting
regenerant leads to substantial extra
costs of installation and maintenance
for an extra tank or associated piping
and drainage systems.
The water softener regenerant
includes an abundance of sodium,
but also a large amount of calcium
and magnesium that accumulated
on the resin over several days.
Increased levels of sodium have
been shown to inhibit settling and
increase deflocculation of settled
solids especially in industrial
wastewater plants (Murthy et al., 1998).
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WQRF Environmental Impact Study—Changes in septic tank
effluence due to water softener use
continued from page 9
a distribution device, and a drain field where effluent is
dispersed into the soil as shown in Figure 2-2 (Toor, et
al., 2012). The tank allows solids to settle or float and
provides an environment for partial degradation of organic
constituents by microbes. The solids separation that occurs
in the tank results in a ‘clear zone’ of clarified effluent
(Figure 2-3). The clarified effluent is dispersed into the
drain field where it is subjected to further treatment prior
to recharging groundwater (Toor, et al., 2012). Partially
digested solids are retained in the tank until they are
removed during regular maintenance. Altogether, these
systems provide a very simple and effective solution to
rural wastewater management as long as they are properly
designed, sited, installed, used, and maintained.

Magnesium and calcium, however, have been shown to
have the opposite effect on settling (Murthy et al., 1998),
which might improve operation of a septic tank. While the
research cited above did not specifically consider septic
tanks, it does suggest that addition of regenerant to a
septic tank could improve overall performance provided
the benefit gained from calcium and magnesium is not
offset by the detrimental effects of excess sodium ions.
The concentrations of these constituents are affected
by the time between regeneration cycles. Some softeners
provide regeneration on a planned schedule, “time clock
softeners”, while others operate based on the household
water usage, “demand initiated regeneration (DIR) softeners”.
Time clock softeners may be improperly set or regenerate
too early in some situations (e.g. when a household is away
on vacation and the system is not by-passed), which
would discharge an abundance of sodium to the septic
tank without the corresponding calcium and magnesium.
However, a DIR system takes these schedule variances
into account and regenerates when the resin has been
calculated to be saturated, based on water usage and
average water hardness. These differences in operation
present another variable in the effect water softeners
may have on septic tanks.

The quality of treated water from septic systems is typically
characterized by the biochemical oxygen demand (BOD),
total suspended solids (TSS), chemical oxygen demand
(COD), and analysis of other constituent concentrations
(e.g. fecal coliforms or nitrogen) (Toor, et al., 2012). If the
septic tank does not provide sufficient primary treatment
(solids separation and some anaerobic digestion), effluent
strength may exceed the soil treatment capacity. This can
result in surface discharge of effluent or release of poorly
treated effluent into groundwater. The effect that large
concentrations of brine water constituents (particularly
sodium) may have on septic system treatment capacity
are a main reason for the debate regarding how waste
regenerant from water softeners should be handled.
Concerns include resuspension of settled solids and
inhibition of microbiological activity.

This study was designed to investigate the effect of
water softener discharges on septic tank performance.
This was achieved through the use of column studies
(simulated lab-scale septic tanks), oil flocculation tests,
anaerobic digestion studies, and case studies of operating
septic tanks. The objective of this research was to determine
the relative performance of a septic tank under the different
conditions that can develop with water softener use.
Simulated septic tank operations were considered both
with and without the discharge of regenerant into the
septic tanks
OVERVIEW OF SEPTIC SYSTEMS
Many rural homes are served by septic systems. There
are four defined functions of a septic system: to receive
wastewater, separate solid materials from wastewater,
provide treatment of wastes, and disperse treated effluent
(Toor, et al., 2012). While many types and configurations
of these systems exist, they most commonly consist of
a septic tank, where all household wastewater is collected,

Figure 2-2. Typical conventional septic system
configuration. Many variations are possible. (CIDWT 2009)
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the effluent quality from activated sludge reactors was
positively influenced by the presence of the divalent
cations, calcium, and magnesium as indicated by the
chemical oxygen demand (COD) of the effluent. As more
of these divalent cations were added, the COD in the
effluent decreased, which would support the earlier finding
that these constituents aided in settling times. Furthermore, a higher M/D ratio resulted in higher effluent COD
concentration in full-scale activated sludge treatment
plants. These data serve as reason to consider the addition
of regeneration waste to a septic tank as possibly beneficial
to the waste treatment process in onsite wastewater
systems. Depending on the actual M/D ratio of the waste
(e.g. depending on how much sodium was concentrated
in the waste as well as how much calcium and magnesium was washed off the resin), there is a possibility
that regenerant could serve as a settling aid in the same
manner as in the experiments by Murthy et al. (1998).

Figure 2-3. Typical one compartment septic tank
illustrating solids separation and development of clear
zone. The outlet tee (on right) is designed to draw clarified
effluent from the clear zone, through an effluent screen,
to then out of the tank and convey it to the next component
(NFSC 2000).

Further research has shown that excess sodium can lead
to deteriorating effluent characteristics in activated sludge
systems (Higgins and Novak, 1997c). This research
examined M/D ratios in activated sludge and showed that
sodium can be detrimental to settling when the M/D ratio
exceeds two (Higgins and Novak, 1997c). This same
research also showed that the effect of sodium could be
reversed by the addition of calcium and magnesium, as
long as the M/D ratio was reduced below two. Even though
this research considered only activated sludge (as opposed
to anaerobically operated septic tanks), this study is
exceedingly important because it incorporates the same
ions that are involved in residential water softening and
also details the settling of solids, which is an important
function of onsite septic systems. An extension of the
Higgins and Novak study went further to show that an
imbalance in cations in activated sludge systems can be a
detriment to normal operation due to the effect the imbalance
has on the solids (Higgins and Novak, 1997b). In this study,
it was recommended that divalent cations be added to
activated sludge systems that were having settling problems.
For onsite systems, the addition of regeneration wastes
with minimal excess sodium could serve as a divalent
cation dose, which could improve settling and effluent
quality. Another study on activated sludge found a correlation
between an M/D threshold of two and decreased settling
characteristics when this ratio was exceeded (Novak,

OVERVIEW OF MONOVALENT AND DIVALENT CATIONS
Inorganic ions can be positively charged (cations) or
negatively charged (anions). The dominant inorganic ions
in water and wastewater systems are monovalent (single
charge) and divalent (charge of two). Sodium is a common
monovalent cation, and calcium and magnesium are common
divalent cations. The ratio of monovalent to divalent
cations (on an equivalent basis) or “M/D” is useful when
dealing with the effect of cations on flocculation. The M/D
ratio of a wastewater has been shown to affect the
efficiency of certain treatment processes (e.g. settling
time), which can, in turn, have an effect on the quality of
the effluent stream from activated sludge treatment plants
(Higgins and Novak, 1997c).
EFFECT OF M/D RATIO ON TREATMENT PROCESSES
AND EFFLUENT QUALITY
Changes in the cation concentration of wastewaters has
been directly associated with the treatment properties of
that wastewater. Lab studies by Murthy et al. (1998) have
shown that the addition of calcium and magnesium to
activated sludge decreased the time it took to settle out
when compared to a control where little calcium and
magnesium was present in the influent wastewater.
Further lab studies by Murthy et al. (1998) concluded that
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et.al., 1998). This study was also able to show that
additions of sodium ions considerably weakened floc
strength, which would be the reason for the decreased
settling ability. This indicates the importance of divalent
cations in an activated sludge system, which could correlate
with their necessity in an onsite septic system. These
findings are further expanded in additional studies by
Higgins and Novak (1997a). Clearly, the role of calcium,
magnesium, and sodium has been substantiated in
activated sludge systems, so a similar role of these ions
should be assessed in onsite wastewater treatment
systems.

Efficiency = 4000 gr/lb
The New York case study reinforced these data, showing
that excessive levels of sodium concentrations correlated
with an increased discharge of solids to the drain field
while moderate levels showed lower solids being discharged.
The NY data also indicated higher values for most of the
analytical parameters in the tank not receiving regenerant,
which points to potential problems if the divalent ions are
removed but not returned to the tank. In North Carolina,
there was no clear relationship between the M/D and the
discharge characteristics for samples collected from septic
tanks. The studies on grease flocculation and anaerobic
digestion suggest that these processes are not affected
by the sodium level since no differences were observed.
Overall, the column studies and the New York case study
indicate that the use of efficiently operated water
softeners may improve septic tank performance, while
the use of inefficient home softeners may have a negative
effect on solids discharge to the drain field. The level of
impact will depend on the level of hardness in the water,
whether the regeneration waste is discharged to the septic
tank, and the amount of excess sodium present in
regeneration wastes.

DISCUSSION & CONCLUSIONS
The common way of measuring ion concentrations for
comparison in this study was to obtain the monovalent
to divalent cation ratio (M/D Ratio). This is the concentration
of the sodium ions in solution divided by the concentrations
of magnesium and calcium, on an equivalent weight basis
(all other monovalent and divalent ions were negligible).
Slug solutions with high levels of salts (Septic Tank Effluent
M/D = 11; ~1000 gr/lb softener efficiency), mimicking
regenerant wastes from water softeners with an inefficient
regenerant cycle, increased the effluent solids, COD, and
BOD5. However, if the regeneration wastes contained the
same amount of calcium and magnesium, but a smaller
amount of sodium (Septic Tank Effluent M/D = 5; ~2000
gr/lb softener efficiency), the negative effect on these
effluent characteristics was greatly lessened. In an optimum
case with a regeneration solution containing a minimal
amount of excess sodium (Septic Tank Effluent M/D = 3;
~4000 gr/lb softener efficiency), mimicking the addition
of regenerant discharges from water softeners with an
efficient regeneration cycle such as from demand initiated
regeneration - type(DIR) softeners, the effluent characteristics
were improved compared to septic tank effluent where
the regeneration wastes with varying levels of M/D ratio
were diverted from the tank.
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QUIZ 2: Environmental Impact Study (0.35 CPD)
1. What was the purpose of this study?
a) Investigate the effects of salinity on the environment
b) Investigate the effects of IX softeners on ratios
of various cations
c) Investigate the effects of IX softener discharge
on microbial digestion in a septic tank
d) Investigate the effects of IX softener discharge
on solids settling in a septic tank

5. Based on research conducted by Higgins and Novak
on activated sludge systems, which characteristic of
softener discharge is expected to interfere with the
performance of the septic tank?
a) Large wastewater volumes
b) Concentrated sodium in brine
c) Concentrated calcium in waste stream
d) Particulates released by backwashing

2. Which of the following is NOT a function of a septic
system?
a) Reception of wastewater
b) Sterilization of wastewater
c) Separation of solids from wastewater
d) Dispersion of treated effluent

6. Based on research conducted by Higgins and Novak
on activated sludge systems, which characteristic of
softener discharge is expected to improve the
performance of the septic tank?
a) Large wastewater volumes
b) Concentrated sodium in brine
c) Concentrated calcium in waste stream
d) Particulates released by backwashing

3. Which parameters are used to judge the quality of
water treatment by the septic tank?
a) pH, TDS, and TSS c) pH, DIC, COD
b) TSS, COD, BOD
d) TDS, CFU, PPB

7. What is the M/D ratio as used in this study?
a) The ratio of the concentrations of all monovalent
to all divalent ions present in a water sample
b) The ratio of the concentrations of all sodium
ions to all calcium ions in a water sample.
c) The ratio of all magnesium ions to the density of
the total ions in a water sample.
d) The ratio of all magnesium ions to all dissolved
ions in a water sample.

4. What is the role of the septic tank in the wastewater
treatment scheme?
a) Primary treatment: solids settling and anaerobic
digestion
b) Secondary treatment: aerobic solids digestion
c) Tertiary treatment: aerobic and anaerobic solids
digestion
d) Tertiary treatment: microbiological disinfection

8. What level of softener efficiency (grains of hardness
removed per pound of salt) is required to achieve the
M/D ratio of 3?
a) 1000 gr/lb
c) 3000 gr/lb
b) 2000 gr/lb
d) 4000 gr/lb
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9. What is the significance of knowing how various M/D
ratios will affect septic tank performance?
a) Allows for the proper bacteria to be selected for
Advanced Treatment Units
b) Helps determine whether or not regenerant
waste should be discharged to the septic tank
c) Helps distinguish between situations where
softeners will and will not negatively impact
septic tank performance
d) Helps determine filter sizing and replacement
frequency in septic tanks

13. What is the "clear zone" in the septic tank?
a) The volume of the septic tank that's used to
determine tank sizing for a particular household.
b) Wastewater in the septic tank that results after
solids have settled and fats/oil/grease have floated.
c) The area of the drain field around the septic
tank required for additional bacterial digestion
of waste in the soil.
d) The volume of the ATU needed for bacterial
digestion, to "clear out" specific contaminants
in the wastewater.

10. A softener has the following capacities at various
salting levels: 23,000 gr/ft 3 at 6 lb/ft 3, 26,000 gr/ft 3
at 8 lb/ft3, 28,500 gr/ft3 at 10 lb/ft 3, and 31,000
gr/ft3 at 12 lb/ft 3. What is the maximum salting level
that can be used to maintain the M/D ratio at 5 or less?
a) 6 lb/ft 3
c) 10 lb/ft 3
3
b) 8 lb/ft
d) 12 lb/ft 3

14. How well did the New York field studies support the
laboratory data?
a) The studies affirmed laboratory findings on the
benefits of discharging regenerant to the tank.
b) Due to the difficulties in preserving and transporting
onsite samples, the field studies did not provide
usable data.
c) The field studies were inconclusive with respect
to the laboratory data.
d) The field studies were used to determine the
reasons the septic tank filters clogged.

11. Beyond demonstrating that efficiently-operated
softeners have no adverse effects on solids settling,
what else did the study show?
a) Softener discharge does not add a significant
volume of waste to the septic system.
b) Efficiently operating softeners can aide bacterial
digestion in advanced treatment units.
c) Efficiently operating softeners can actually
improve solids settling.
d) Leaky toilets are a more frequent cause of septic
tank failure than inefficiently operating softeners.

15. What conclusion did the study reach regarding the
diversion of regenerant waste in for efficientlyoperating softeners?
a) The diversion of regenerant had negligible effects
on septic tank performance.
b) The diversion of regenerant caused fewer
clogging problems in the septic tank, improving
tank performance.
c) The addition of regenerant improved settling of
solid waste, improving tank performance.
d) The addition of regenerant stirred up solids in
the wastewater, leading to greater effluent
screen clogging and poorer performance.

12. What can cause "time clock softeners" to negatively
impact the M/D ratio, and as a result, the settling of
solids, in a septic tank?
a) When the raw water hardness is greater than 10
gpg, time clock softeners require more salt for
regeneration than DIR softeners.
b) Time clock softeners may regenerate before the
resin is exhausted, leading to higher M/D ratios.
c) Time clock softeners send more water to drain
per regeneration cycle than DIR softeners.
d) Time clock softeners are less efficient at treating
iron than DIR units, leading to higher M/D ratios.
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T

DATA SOURCES
Chromium occurrence data were obtained from available
sources to guide the development of the national occurrence
survey. Three primary datasets are used in this analysis:
the National Chromium and Boron Occurrence Survey
(NCBOS), USEPA’s Second Six-Year Review (6YR2), and
the California Department of Public Health (CDPH) Water
Quality Analysis Database (WQAD).

This article is a compilation of recently published
information in the Journal of the American Water
Works Association examining occurrence of
hexavalent chromium in drinking water, comparing
potential treatment strategies, and estimating national
costs of regulation.
INTRODUCTION
Regulation of hexavalent chromium in drinking waters is
proceeding in California and is a priority for the current
US Environmental Protection Agency administration
(USEPA, 2011). To regulate at the national level, occurrence,
health effects, and treatability must be quantified so that
a cost–benefit analysis can be used to determine whether
there is a meaningful opportunity for health risk reduction
(SDWA, 1996). Hexavalent chromium is not currently
regulated in drinking waters, but total chromium has a
National Primary Drinking Water Regulation maximum
contaminant level (MCL) of 100 µg/L, based on a health
effects endpoint of allergic dermatitis. The MCL for total
chromium in California is 50 µg/L.

ANALYSIS OF TOTAL AND HEXAVALENT CHROMIUM
OCCURRENCE
Figure 6 shows the cumulative probability distributions for
CDPH hexavalent chromium by groundwater and surface
water. Hexavalent chromium occurrence in groundwater
is shifted toward higher concentrations than for surface
water. Frey et al (2004) found similar results. Figure 6 also
shows data with the raw waters separated from the treated
waters. The distributions of total and hexavalent chromium
are similar in surface water. The low level of occurrence
is consistent, with surface water speciation being dominated
by trivalent chromium (shown in the following section) and
the low solubility of trivalent chromium. The groundwater
data, however, indicate higher occurrences in the treated
waters < 6 µg/L and higher occurrences in raw waters >
6 µg/L. An increase in hexavalent chromium could result
from oxidation of trivalent chromium during disinfection.
A decrease in hexavalent chromium could be due to
treatment or blending provided at some sites. However,
the explanation for the crossover shown in Figure 6
cannot be determined with any certainty and could be
due to the disparity in the number of samples (1,242
treated samples versus 14,448 raw samples).

Dissolved chromium typically occurs in two oxidation
states—trivalent or hexavalent. Total chromium is the sum
of the trivalent and hexavalent species. When chromium
occurs in the presence of oxidants such as chlorine or
chloramines, the trivalent species may be oxidized to
the hexavalent species (Saputro et al, 2011; Lai & McNeill,
2006; Brandhuber et al, 2004; Bartlett, 1997; Clifford &
Chau, 1988; Ulmer, 1986; Sorg, 1979). Thus, regulating
hexavalent chromium at the entry point of the distribution
system without regard to total chromium concentration
may not be sufficiently protective of public health. This
article summarizes occurrence trends of both total and
hexavalent chromium based on currently available data.
Additional information can be found elsewhere (Seidel et al,
2012). Frey et al (2004) provided the most comprehensive
study of chromium occurrence to date in the National
Chromium and Boron Occurrence Survey. Other studies
of chromium occurrence have primarily consisted of
reporting naturally occurring chromium concentrations.
For instance, Motzer (2005) cited naturally occurring total
chromium concentrations of between 0 and 40 µg/L in
groundwater and surface water from several sources.
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Figure 10 shows the CDPH occurrence of hexavalent
chromium in California. Because of the lower detection
limit for hexavalent chromium concentration, ranges of
1–5, 5–10, 10–20, and > 20 µg/L are shown. Hexavalent
chromium appears to be distributed across California
and corresponds closely with both population density
and use of groundwaters.

Figure 9 shows that total chromium is distributed
across the United States. The greatest number of high
chromium concentrations appears to be in the southwestern United States from California to Texas. The
region surrounding the Great Lakes also appears to
have widespread occurrence.
Hexavalent chromium [Cr(VI)] is a topic of substantial
public discussion. The US Environmental Protection
Agency (USEPA) regulates total chromium, including
Cr(VI) and trivalent chromium Cr(III), in drinking water
with a maximum contaminant level (MCL) of 100 µ
g/L. A National Toxicology Program rodent study
(NTP, 2008) triggered a reassessment of risk by
USEPA and the state of California. Although the
USEPA risk assessment is still in progress, the
California risk assessment is complete and has
set the stage for development of a drinking d
smaller systems to monitor for Cr(VI) and total
chromium. The USEPA Integrated Risk Information
System analysis is scheduled to be complete
complete before the end of 2014; the UCMR3
occurrence data collection will be completed in
2015. These two efforts set the stage for consideration
of either regulating Cr(VI) per se or changing
the total chromium standard should the USEPA
find a standard warranted.
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RCF. The RCF process has been shown at pilot- and
demonstration- scale to effectively remove chromium to
< 5 µg/L in Glendale. In this process, Cr(VI) is reduced to
trivalent chromium [Cr(III)] by ferrous iron, then filtered as
particles. Lower treatment goals may be achievable with
microfiltration in place of granular filtration; this is being
studied at Glendale. The kinetics of the reduction reaction
may be site-specific but have been shown to be complete
within 15–30 min. After reduction, the excess ferrous iron
must be oxidized for removal. If chlorine is used for oxidation,
a minimal dose must be used to avoid conversion of Cr(III)
back to Cr(VI). Oxidation via aeration does not require
minimal dosing. Filtration is then used to remove the coprecipitated iron and chromium. For the RCF process,
residuals include the waste backwash water from the
filters, which will contain elevated levels of iron and Cr(III)
as well as any other constituents that were removed by
the coagulation and filtration process. If these constituents
are sufficiently removed from the waste backwash water,
the remaining water can be returned to the head of the
treatment plant and the resulting solids sent to an
appropriate facility for disposal.

In California, the total chromium MCL is 50 µg/L. Currently,
no federal or state regulations for individual chromium
species [i.e., Cr(VI) or Cr(III)] exist for drinking water.
However, a nonenforceable public health goal for Cr(VI)
of 0.020 µg/L was established in July 2011 by the California
Office of Environmental Health Hazard Assessment (OEHHA,
2011). With the public health goal now finalized, the
California Department of Public Health (CDPH) is required
to develop a Cr(VI)-specific MCL (California Health and
Safety code §116365.5). CDPH expects to propose a
Cr(VI) MCL applicable at entry points (EPs) to the
distribution system by July 2013, with a final enforceable
MCL established between July 2014 and July 2015. CDPH
is collecting treatment feasibility and cost information
relevant to a range of MCL conditions down to 1 µg/L.
The timing of a final rule will be dependent on technical
and administrative requirements.
This article provides estimates of both national and
California-specific costs of compliance with a new Cr(VI)
drinking water standard. In developing these cost
estimates, several key knowledge gaps were identified,
and research needs were also delineated.

WBA. WBA has emerged as an attractive, simple-tooperate Cr(VI) treatment technology to achieve treatment
goals down to 2 µg/L or less. WBA requires depressed
treatment pH conditions (Clifford, 1999). A pH level of 6.0
was effective in testing at Glendale, for the one resin tested
(Blute et al, 2013; McGuire et al, 2007). Posttreatment
adjustment to a higher, more alkaline pH is then necessary
to avoid corrosion of pipe materials in the distribution
system. WBA resin is not regenerated on exhaustion but
is disposed of as solid waste after dewatering and is
replaced with new resin.

TREATMENT TECHNOLOGY OVERVIEW
Bench-scale (Brandhuber et al, 2004), pilot-scale
(McGuire et al, 2006), and demonstration-scale testing
(Blute et al, 2013) of chromium treatment technologies
has been performed, mostly by the city of Glendale,
Calif., in partnership with the Los Angeles Department
of Water and Power, the city of Burbank, and the city of
San Fernando as well as other agencies. Testing in these
studies identified several effective treatment technologies
to achieve Cr(VI) treatment targets < 5 µg/L (i.e., the target
of the studies): reduction/coagulation/filtration (RCF),
weak-base anion exchange (WBA), strong-base anion
exchange (SBA), and reverse osmosis (RO).

In addition to removing Cr(VI), WBA also removes other
inorganic elements, including copper, vanadium, and
uranium (Blute et al, 2012). Depending on the uranium
concentrations in the raw water and the treated water goal,
the spent WBA resin residuals may be classified asradioactive
or hazardous waste and require processing and more
expensive disposal options.

In contrast to past cost-of-compliance estimates (Frey
et al, 1998), this analysis does not use a treatment
technology forecast to identify which treatment would be
selected at a given entry point predicted to need Cr(VI)
treatment. Instead, because of a lack of sufficient
information to substantiate a technology forecast, this
analysis considers each of these technologies and presents
the range of potential minimum treatent costs.

At this point, results for WBA resin testing have only been
reported and published for Cr(VI) removal in one drinking
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make RO a preferred non–low-cost alternative for some
utilities.

water quality (i.e., Glendale). Other studies are under
way to investigate the effect of water quality on resin
capacity for Cr(VI), but knowledge gaps exist around
variability in resin capacity over a range of typical water
quality condition such as pH and competing anions.

In an RO process, > 99% of the divalent ions and > 95%
of monovalent ions are removed from the water and
retained in the concentrate. In this evaluation, the RO
concentrate volume generated is assumed as approximately
10% of the volume of water treated, which is a loss in the
amount of water produced for consumption. Assuming
100% rejection of these constituents, their levels in the
concentrate will be 10 times those in the raw water.

SBA. SBA has been implemented by utilities with nitrate,
arsenic, perchlorate, and other groundwater contamination
issues and, as such, has been researched extensively. Cr(VI)
treatment goals down to 1 µg/L have been documented
at both pilot-scale (McGuire et al, 2007) and existing fullscale treatment systems for the removal of other
contaminants. Because the functional groups of SBA
resins remain ionized over a wide pH range, these resins
do not typically require pH depression for operation
(Clifford, 1999). After the exchange capacity of SBA is
exhausted for the constituent of interest, the resin is
regenerated in place with salt solution (i.e., brine). The
primary constituent of the brine waste stream is salt, but
the brine also contains the Cr(VI) removed from the water
onto the resin as well as any other constituents that may
adsorb on the resin (e.g., arsenic, nitrate, sulfate). Brine
waste can be challenging to dispose of inland and in states
that have more stringent restrictions on waste composition,
such as California. SBA brine is likely to be classified as
a hazardous waste in California because of chromium
concentrations, which may necessitate treatment of the
brine to separate the hazardous component as a solid
waste and the nonhazardous brine as a liquid waste.
Other utilities outside of California may find that brine
waste can be disposed of to the sewer.

Other compliance strategies. Other treatment technologies
(e.g., biological reduction/filtration, chemical reductive
media) were considered but not included in this analysis
because their applicability would be too low to affect the
overall cost numbers or because their treatment performance
and associated costs are not yet proven. Also, blending
and source abandonment were not considered as compliance
strategies in this analysis because applicability and costs
of blending and abandonment are site-specific.
NATIONAL COST ESTIMATE
Residuals management basis for cost approach. For
development of the national cost estimate, two scenarios
were evaluated that represent the ends of the disposal
spectrum. The scenarios differ in their assumptions
regarding the need to treat waste and manner of residuals
disposal, representing two ends of the spectrum as shown
in Table 4. The cost of a Cr(VI) treatment system is highly
affected by whether the residual streams generated need
to be treated and/or disposed of off-site, which can vary
by state and locality. The qualities and quantities of the
waste products from the four technologies vary. A description
of the assumptions made under each scenario is shown
in Table 4 and briefly described in the following section.

RO. RO has been demonstrated to be able to achieve
greater than 90% rejection of chromium in bench-scale
testing (Brandhuber et al, 2004). Theoretical understanding
of RO membrane operations supports the idea that removal
of Cr(VI) to < 1 µg/L should be achievable, although this
has not been tested at full scale in a drinking water
application to the authors’ knowledge. However, the need
for restabilization of corrosive RO permeate generally
requires the use of treatment chemicals such as lime or
calcite, and lime has recently been found to sometimes
contain chromium as a trace impurity (McNeill et al, 2012).
Disposal of RO concentrate is also a limiting factor in
most noncoastal locations, similar to SBA, but at larger
proportions of the flow (e.g., 10% for RO). However, the
ability of RO to remove co-occurring constituents may

Under scenario 1, the liquid waste streams from the RCF,
SBA, and RO processes are discharged locally to the sanitary
sewer without any treatment and with no hydraulic
restrictions. This assumption may be plausible in some
locations, particularly if the volume of the residual streams
discharged to the sewer is diluted by all the other flows
received at the wastewater treatment plant. However, this
assumption is not valid in some places in the United States
where the discharge of a salt brine or concentrate from
an ion exchange plant or RO facility is not allowed
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Chromium VI Occurrence Analyses and Estimated Treatment Costs
continued from page 18
substantially higher than those for previous drinking water
regulations. For example, the 10-µg/L Arsenic Rule MCL
was estimated to have a total annual cost of $0.5 billion/
year and initial capital cost of $4.1 billion (Raucher &
Cromwell, 2004 [adjusted to 2012 dollars]). For a
corresponding Cr(VI) goal of 10 µg/L, although the
lower-end estimates are quite similar (national annualized
cost of $0.55 billion/year with corresponding capital costs
of $3.4 billion), the upper-end estimates are significantly
higher with a national annualized cost of $5.1 billion/
year and corresponding capital costs of $28 billion—costs
that are almost 10 times as much as those for the Arsenic
Rule. Even using the average of the estimated potential
range of the minimum national costs, achieving a 10-µ
g/L Cr(VI) treatment goal would cost four times as much
as complying with the Arsenic Rule. Further, this analysis
does not take into account land acquisition or additive
costs of existing treatment.

because of strict limitations on total dissolved solids
levels in the effluent of the wastewater treatment plants.
In addition, scenario 1 assumes that the wastewater
treatment plant can receive the elevated chromium and
other constituents removed by the treatment technologies
and concentrated in their residuals streams. For the WBA
resin, this scenario assumes that the spent resin can be
disposed of in a municipal landfill as a nonhazardous waste.
Experience suggests that the spent WBA resin will likely
be classified as a nonhazardous waste by the federal
Toxicity Characteristic Leaching Test (Blute et al, 2012).
However, WBA resins have a high capacity for uranium.
Even with low uranium levels in the water, if the uranium
accumulates on the resin to detectable levels, then the
resin cannot be disposed of in a municipal landfill, and
scenario 1 does not apply.
Scenario 2 includes more stringent requirements for the
handling and disposal of residual waste streams. For
example, scenario 2 assumes that the waste backwash
water from the RCF process requires treatment to
concentrate iron/chromium particles to ~ 20% solids if
they cannot be discharged to the sewer untreated. Solids
are assumed to be disposed of in a municipal landfill. The
recovered water is then returned to the head of the
treatment plant. The ability to dispose of the dewatered
sludge to the municipal landfill may exist for most states
(i.e., sludge passes the Toxicity Characteristic Leaching
Test). One exception is California, where the waste fails
the California Waste Extraction Test (Blute et al, 2012)
and is required to be disposed of in a California hazardous
waste facility or transported out of state for disposal in a
nonhazardous facility. For SBA and RO under scenario 2,
high total dissolved solids concentrate/brine will be treated
through ferrous iron addition and solids precipitation, with
solids handled as described for the RCF process and liquid
waste disposed of offsite as a nonhazardous waste. For
WBA under scenario 2, the spent WBA resin is assumed
to contain total uranium and thorium at greater than 0.05%
by weight (> 500 mg/kg), which would then classify the
spent resin as a low-level radioactive waste (LLRW) and
require its disposal at one of the three dedicated LLRW
facilities in the United States, located in Utah, Washington,
and South Carolina.

These costs increase as the treatment goal decreases.
A similar comparison can be made in California between
potential costs for a Cr(VI) standard and the revised arsenic
standard. The California-specific annual cost range for a
Cr(VI) treatment goal of 10 µg/L is projected at $0.3
billion–$0.5 billion/year, with corresponding capital costs
projected at $2.1 billion–$3.1 billion. By comparison, CDPH
estimated the California- specific total annualized costs
(including monitoring, treatment, and residuals disposal;
assuming 7% interest and a 20-year period) to comply
with a 10-µg/L arsenic MCL to be $200 million/year
(adjusted to 2012 dollars; CDPH, 2008). The 10-µg/L Cr(VI)
total annual cost estimates are 1.5–2.5 higher than those
estimated for the 10-µg/L Arsenic Rule because of both
higher occurrence—681 EPs have been estimated to
require treatment for a 10-µg/L Cr(VI) MCL, whereas CDPH
estimated 493 sources to be affected by arsenic at 10 µ
g/L—and treatment costs; chromium treatment can be
substantially more expensive, particularly when considering
residuals disposal.
Please refer to the full article for additional information, such as cost
calculation methodology and community-level cost estimates.

PUTTING A POTENTIAL Cr(VI) MCL IN PERSPECTIVE
The national cost for a low Cr(VI) limit would likely be
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QUIZ 3: Chromium VI Occurrence Analyses (0.35 CPD)
1. What can be said about current (2013) USEPA regulations
of chromium in drinking water?
a) Only trivalent chromium, Cr(III), is currently regulated.
b) Total chromium is currently regulated.
c) Speciation is required during testing.
d) Only hexavalent chromium, Cr(VI), is currently
regulated.

8. Which of the following treatment technologies was not
evaluated for treatment of Cr(VI)?
a) Ultrafiltration
b) Reduction/coagulation/filtration
c) Strong base anion exchange
d) Weak base anion exchange
9. What's an advantage of treatment with SBA resin over
WBA resin?
a) No waste stream
b) No pH adjustment
c) No salt usage
d) Disposable resin

2. On which health effect are current chromium regulations
based?
a) Ulcers
c) Colon cancer
b) Esophageal cancer
d) Allergic dermatitis
3. Which condition can cause the oxidation of trivalent
chromium, Cr(III), to hexavalent chromium, Cr(VI)?
a) The addition on ammonia by municipalities.
b) The addition of chlorine or chloramine for disinfection.
c) The raising of pH for corrosion control.
d) The use of activated alumina for arsenic treatment.

10. What is the drawback of the reduction/coagulation/
filtration treatment method for hexavalent chromium?
a) Contaminated backwash water
b) Radioactive decay products
c) The need for acid addition
d) High capital cost of coagulants

4. What is true of the speciation of chromium in various
water sources?
a) Most of the total chromium in groundwater is due
to the hexavalent species.
b) Most of the total chromium in surface water is due
to the hexavalent species.
c) Only hexavalent chromium was found in ground
water under the influence of surface water.
d) The total chromium in groundwater is evenly

11. What % rejection of hexavalent chromium has been
achieved by RO in bench-scale testing?
a) 78%
c) 95%
b) 90%
d) 99%
12. Besides cost, what is a common concern for all the
treatment methods/technologies evaluated for hexavalent
chromium treatment?
a) Disposal of concentrated chromium waste
b) The need for acidification of the raw water
c) High complexity of operation
d) Low water efficiency

distributed between trivalent and hexavalent chromium.

5. Where will samples for hexavalent chromium need to be
collected under California's new MCL?
a) At the point of use
b) At the source
c) At the distribution system entry point
d) From the storage tank

13. Why is the disposable WBA resin likely to be classified
as hazardous waste?
a) The resin accumulates high concentrations of arsenic
b) Hexavalent chromium radioactively decays to
trivalent chromium
c) The resin accumulates detectable levels of uranium
d) The resin leaches synthetic organic compounds

6. Which factors will affect the final MCL level for hexavalent
chromium that California will set?
a) Occurrence and cost of POU treatment
b) Central treatment and cost feasibility
c) Occurrence and treatment feasibility
d) Technical and administrative requirements for
enforcement

14. If a national MCL for hexavalent chromium is established,
how would the cost of compliance compare with that
of the previous regulation lowering of the arsenic MCL
to 10 μg/L?
a) Substantially lower cost
b) About the same cost
c) Substantially higher cost

7. What is the public health goal for hexavalent chromium
set by California?
a) 0.02 µg/L
b) 0.05 µg/L
c) 0.02 mg/L
d) 0.05 mg/L
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Answer Form

Instructions
Please use the answer sheet below to record the correct answers. When you have completed the quizzes you’d like
graded, detach the answer sheet from the booklet and mail to the adress below or fax. The answers must be 70%
correct to earn credit.

WQA Recertfication Newsletter - Issue VI Quiz

Answer Form
FIRST NAME

LAST NAME

COMPANY NAME

COMPANY ADDRESS

CERTIFICATION ID#

Please record your answers below.

Quizzes may also be completed online. Go to www.wqa.org/education and follow the link for the WQA Education Kit, volume 6.

QUIZ 1:
“Softened Water Benefits
Studies”

QUIZ 2:
“Environmental Impact Study”

QUIZ 3:
“Chromium VI Occurence
Analyses”

1.

1.

1.

2.

2.

2.

3.

3.

3.

4.

4.

4.

5.

5.

5.

6.

6.

6.

7.

7.

7.

8.

8.

8.

9.

9.

9.

10.

10.

10.

11.

11.

11.

12.

12.

13.

13.

14.

14.

15.
When you have completed the quiz, detach the answer sheet from the booklet and mail it to:
Water Quality Association • Attn: Education Dept.
4151 Naperville Road • Lisle, Illinois 60532-3696
OR Fax to 630 505 9637
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