
W
hile most private wells inWiscon-
sin provide water that is safe and
good quality,many private well

owners may have one or more water
quality problems. Some are quite notice-
able. Others, particularly those that are
health-related, often require testing to
detect them.The search for ways to
improve water quality can be challenging.
This publication describes options for
improving private residential well water
quality, including water treatment
methods.

What’s in your
water?
Groundwater, the source of water for
private wells, is never simply a pure com-
bination of hydrogen and oxygen atoms
(H2O). It naturally contains many impuri-
ties, reflecting the composition of the
soils, sand, gravel and rock through which
it travels.Groundwater contains: 1) dis-
solved minerals such as iron, calcium,
magnesium,bicarbonate, chloride, and
sulfate; 2) gases such as carbon dioxide,
oxygen and nitrogen; and 3) dissolved
organic compounds.As a result of human
activity, groundwater can also contain
contaminants such as pesticides, nitrate
and volatile organic chemicals (VOCs).

Typical concentrations of most impurities
are not considered harmful to health, but
private well owners may find some of the
non-health-related problems objection-
able. Too much iron, for example, can
discolor laundry or stain fixtures; too
much calcium can cause scale to build up
in water heaters and plumbing. Improv-
ing water quality is more serious if the
water contains substances that pose a
health concern such as bacteria, viruses,
nitrate,metals such as lead or arsenic,
pesticides or VOCs.

While private well owners are under no
obligation to correct water quality
problems, safe drinking water standards
are good guidelines for homeowners to
determine whether their private well
water is safe to drink.

What to do if you
have water quality
problems
What are the best options available to
homeowners who have water quality
problems? If your water is persistently
contaminated with substances that pose
a health concern or the water is extremely
objectionable, consider the following
options before resorting to water
treatment.

Eliminate sources of
contamination
When water quality problems are due to
human activities, the ideal solution is to
eliminate the contamination source.
Sometimes the source is local, such as a
septic system, an unused well, fertilizers
or pesticides, sink holes, a chemical spill,
leaking storage tank, or seepage from a
barnyard. If you are able to, eliminate the
source and water quality should eventu-
ally improve through filtration, break-
down of the contaminants, dilution and
movement of the contaminants away
from your well.Depending on the local
geology and type of pollutant, however,
the improvement may take far too long—
years or decades—and an additional
solution may still be required to provide a
safe source of water.

Repair or replace the
existing system
Correct construction faults.Making sure
that your well has a vermin-proof cap and
diverting surface water drainage away
from the well may both help in some cases.
Persistent bacterial contamination or
cloudy water may indicate problems such
as a cracked casing,poor grout and seals,
or rock fractures that allow rapid
movement of surface water into the well.
Your plumber,well installer, county sanitar-
ian orWisconsin Department of Natural
Resources water supply specialist can help
diagnose and correct such problems.
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Install a new private well or reconstruct
an existing well.Constructing a new well
or reconstructing an existing one may
improve drinking water quality when
problems are related to land use or
limited to a certain part of an aquifer.You
may have to change the well location.
More likely, you will need to drill and case
the existing well to a different depth
where the aquifer is less contaminated, or
drill into a different, uncontaminated
aquifer. It is important to point out that
installing a new well does not guarantee
better water quality.While you solve one
water quality problem, you may exchange
it for another.Deeper wells, for instance,
may be less influenced by local land-use
activities but are more likely to contain
higher concentrations of substances such
as iron and manganese,which can cause
aesthetic problems.

Connect to a public
water supply
In some cases, connecting to a public
water system is less expensive in the long
run than installing a new well. Public wells
generally are located and drilled in
aquifers where contamination is less
likely.New municipal wells must submit a
wellhead protection plan to protect the
well’s recharge area. In addition,munici-
pal water supplies are required to be reg-
ularly tested and to meet state and
federal water quality standards.

Develop a community
water system
If a cluster of private wells develops water
quality problems,homeowners may find it
less expensive to drill a single new well for
all the homes rather than have each home-
owner pursue an individual solution.This
option should contain some sort of legal
arrangement among homeowners in case
of property transfer,well testing or
problems that require maintenance.

Install a water treatment
system
It is important that homeowners realize
that no single water treatment system is
capable of treating all water quality
problems, and that all systems have limi-
tations. You need to match the treatment
system to the specific water quality
problem(s) you want to remove. Before
buying a treatment system,have a
chemical analysis of your water per-
formed at a state certified laboratory and
then ask several dealers for estimates on
systems to remove the type and amount
of contaminant(s) found in your water.
Proper care and
routine maintenance
are critical to ensuring
the device continues
to work properly.
Weigh all the costs,
including that of elec-
tricity to operate the
device and mainte-
nance costs associ-
ated with upkeep or
replacement of filters.
Remember that the
claims of manufactur-
ers and dealers may
not always accurately
describe what the
system will do.

In addition, some systems may require pre-
treatment of the water for the device to
function properly.You can often lease a
unit initially to determine whether it
performs properly.Wisconsin has estab-
lished a product approval program for
home water treatment devices.Be certain
that the unit you purchase or lease has
been approved by theWisconsin Depart-
ment of Commerce. If you are not sure,
request a copy of the approval letter from
the installer or manufacturer.

Understanding
water treatment
technology
Water treatment devices generally fall
into two categories:point-of-use and
point-of-entry. Point-of-use devices are
for problems limited to specific uses, such
as drinking, since the cost to treat all the
water in the house is generally prohibi-
tive. Point-of-entry devices are capable of
treating all of the water that is distributed
throughout the house.The following is a
brief overview of some common water

treatment technolo-
gies, how they work
and the water
quality problems
they are designed
to treat.
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Aeration
Aeration introduces air into water to
reduce the concentration of certain dis-
solved gas contaminants like VOCs,
hydrogen sulfide and radon.When air is
injected into the water the dissolved gas
is released into the atmosphere; the con-
taminant must be vented to the outside
atmosphere to prevent exposure to haz-
ardous substances.Aeration is also a
method of oxidation and can be used in
conjunction with a particle filter to treat
iron and manganese problems (see also
“Oxidation”).

Activated carbon
Activated carbon or charcoal filters are
very popular.The carbon particles contain
countless miniscule pores and channels.
As water passes through the channels,
particles and some types of contaminants
are trapped or sorbed by the carbon.
Carbon filters remove many general taste
and odor problems.They can also be
effective at removing some health-related
organic and inorganic compounds,
including certain pesticides.They do not
effectively remove contaminants such as
arsenic, nitrate or bacteria.

Activated carbon filters are very versatile
and come in many sizes and designs; the
design greatly influences how well they
work and how much water they can treat
before they need to be replaced. Some
units fit on kitchen faucets and treat a rel-
atively small amount of water before their
effectiveness is reduced.Thus, you must
change such filters frequently.Units that
fit under the sink are designed to treat
larger quantities of water. Still others are
designed to treat all water coming into
the home.

Carbon filters present three problems.
First,while you will notice when the filter
stops removing an odor-producing
compound, such as hydrogen sulfide,
other contaminants are not as easily
detected.As a result, you can’t always be
certain when a carbon filter is working
effectively without testing it. Second,
drinking water that passes through a filter
that has been used for too long can end
up being worse than drinking unfiltered
water.Water flowing through such a filter
can harbor high concentrations of con-
taminants that remain caught in the filter.
Finally, if the filter is not used for a period
of time, bacteria may develop.Always
follow the manufacturer’s instructions for
operation and maintenance.

Anion exchange
Anion exchange units are generally used
to remove nitrate but also remove sulfate,
fluoride, bicarbonate and other nega-
tively charged ions called anions.Anion
exchange units remove anions such as
nitrate or bicarbonate from the water and
replace them with chloride. Removing
bicarbonate makes water more corrosive
(acidic). If sulfate levels are moderate to
high, the unit’s ability to remove nitrate
may be reduced,making frequent moni-
toring a necessity.

Disinfection techniques
Disinfection devices are designed to kill
and/or remove bacteria or viruses.When
dealing with bacteria, it is important to
use the most effective method for pro-
ducing safe water. For wells with reoccur-
ring bacteria problems, reconstruction or
a new well are the first alternatives—
unless it is determined that these options
are not likely to correct the problem. If
you are installing a treatment device to
treat a bacterialogically unsafe water
supply, you must have prior approval
from the Department of Natural
Resources, Bureau of DrinkingWater and
Groundwater.Only chlorination and UV
treatment have been approved to treat
water in private wells that are unsafe due
to bacteria.

Chlorination.Households can disinfect
water by adding chlorine or hypochlorite
(similar to household bleach) through
chemical injection.Chlorination requires
a proper design that meters the chemical
dose and contact time of the disinfection
agent with the water. A major problem
with chlorination is the potential for haz-
ardous organic chemicals to form when
the chlorine reacts with organic mole-
cules in groundwater. Chlorination
doesn’t remove nitrates or many other
compounds, but may oxidize and remove
some of the color and odor problems
associated with iron and hydrogen
sulfide.Using an activated carbon filter
after chlorination will remove excess
chlorine and many of the chlorine
byproducts that form.



Ultraviolet (UV) light.Disinfects without
the use of chemicals. Kills bacteria, viruses
and some cysts on contact with water.
The effectiveness of UV light in killing
microorganisms is directly related to the
light’s intensity and exposure time.
Depending on the quality of the water,
pretreatment is often necessary.Things
that block light such as tannins, sus-
pended sediment and turbidity need to
be removed prior to UV disinfection.A
water softener may be required to
prevent scale buildup on the lamp.UV
lights lose intensity over time and lamps
generally need to be replaced regularly.

Distillation
Distillation units, or stills, boil water to
make steam which is cooled (condensed)
and collected as purified water.Most dis-
tillation units are batch operation where
water is poured in, distilled and stored for
later use, but some may operate continu-
ously. Distillation can remove more con-
taminants than any other single type of
treatment, including metals, nitrate and
many organic contaminants.

Distillation does have several drawbacks.
One is that the process also removes
minerals such as calcium and magnesium
and can leave water with a bland taste.
Secondly,most stills are point-of-use
devices because they are only able to
treat small amounts of water for drinking
and cooking.Third, some stills allow con-
taminants with a boiling point lower than
water—certain pesticides and volatile
solvents, for example—to vaporize with
the water and recondense with the
treated water. A unit called a fractional
distiller avoids this problem,but not all
distillers are this type.

Maintenance can also can be a problem,
depending on the unit’s design.Minerals
and other contaminants can accumulate
in the boiling chamber, interfering with
operation.Hard water can quickly clog a
distiller.You can clean some units easily
by hand,while others are difficult to clean
or require washing with a strong acid.
Some units also use large amounts of
electrical energy.Distilled water is corro-
sive and must be stored or transported in
plastic, glass or stainless steel to prevent it
from dissolving unwanted contaminants.

Neutralizers
Neutralizers treat corrosive (acidic) water
by increasing the alkalinity and pH which
decreases water acidity. Passing the water
through granular calcite (marble, calcium
carbonate or lime) is the most common
method although some other materials
may also be used.Adding calcite may
cause scale buildup particularly in the hot
water heater.

If your water is very acidic or if you need a
high flow rate, you may need a system
that adds soda ash (sodium carbonate) or
caustic soda (sodium hydroxide).These

chemicals increase the
water’s sodium content,
which may be less desirable
than the increase in calcium
that results from use of
calcite or lime.
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Oxidation
Many aesthetic problems associated with
taste, odor or color in water are related to
reducing conditions within the aquifer.
Reducing conditions are a result of low
oxygen concentrations in the ground-
water which cause some elements in soil
and bedrock such as iron and manganese
to become soluble. By introducing
oxygen into the water with a treatment
device as water enters the home, the iron
and manganese become insoluble and
form precipitates that can be filtered out
of the water.This eliminates taste and
color problems associated with these two
elements.

Chemical oxidation. Although not
widely used, chemical injection of strong
oxidizers like chlorine, hydrogen peroxide
or ozone can be used to oxidize dissolved
iron and manganese, causing it to precipi-
tate, or separate, out of the solution.A
particle filter will need to be installed
after the chemical injection unit to trap
the particulate iron and manganese.
These oxidizers can also be used for odor
problems related to hydrogen sulfide.

The chemicals used in this method can be
hazardous to work with. If you are
thinking about this type of treatment,
also consider the problems associated
with storing and handling large amounts
of chemicals. Any chemicals that are used
must be approved as food grade since
they will be injected into a potable water
supply.Any chemical injection system
must be approved by the Department of
Commerce. In the case of chlorine injec-
tion, it may also be necessary to use an
activated carbon filter to remove any haz-
ardous chlorine byproducts.

Iron filters. Iron filters are the most
common form of oxidation treatment and
have been used successfully for a number
of years.Natural green-sand or artificial
resins coated with manganese dioxide
can remove iron,manganese and
hydrogen sulfide from water.The man-
ganese dioxide surface oxidizes the iron,
which the sand or resin then filters out.
You must periodically backwash and add
potassium permanganate to rejuvenate
the device. Iron filters are particularly
useful if you don’t want to soften water
and/or the iron concentration is between
3 and 10 mg/L. Frequency of mainte-
nance depends on the amount of iron in
the water and water usage.

Particle filter
Particle filters are used in home water
treatment to remove sediment or com-
pounds like iron and manganese precipi-
tates. Particles become trapped on the
surface of or within the filter.The size of
the filter’s pores, or the spaces between
the granules or fiber, determine what par-
ticles the filter can capture.You may have
to replace filters frequently depending on
how much sediment or other material
you are removing. Pretreatment may be
necessary for removing iron and man-
ganese if it is in the reduced form. If iron
or sulfur bacteria are also present, particle
filters may become frequently clogged.

Pellet chlorinator
Pellet chlorinators are designed to peri-
odically inject a solid chlorine pellet into
the well.They can be used to control aes-
thetic problems associated with severe
iron/sulfur bacteria problems. Pellet chlo-
rinators are not an approved treatment
technology for water that is unsafe due to
bacteria. Prior DNR approval is required to
install a pellet chlorinator on a well. If you
install a pellet chlorinator, you may also
want to install a carbon filter to remove
any residual chlorine from the water.
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Reverse osmosis
Reverse osmosis (RO) removes contami-
nants by forcing water through a
membrane with microscopically small
holes that allows water molecules, but
not large compounds and microorgan-
isms, to pass through.Water flushes away
the contaminants captured by the
membrane. Because they can only treat
small amounts of water at a time, RO
systems generally serve as point-of-use
devices to purify water for drinking and
cooking. In addition to the membrane, RO
systems frequently include a sediment
filter and carbon filter along with a
storage tank to store treated water.
Pressure and temperature will greatly
affect the device’s effectiveness.

Although they cannot remove 100% of
chemicals in the water, RO units can
remove more kinds of contaminants than
any other single method except distilla-
tion. The RO process can remove organic
chemicals, including some pesticides, but
will not remove others which is why many
RO systems also include an activated
carbon filter (see“activated carbon”). RO
units also waste large amounts of water.
Only about 10% to 30% of the water
entering the unit is recovered as treated
water; the remainder is discharged as
waste along with the contaminants.The
membrane can also develop problems
from precipitate buildup and scaling.To
overcome this problem,pretreatment of
water ahead of the reverse osmosis unit is
sometimes necessary.The membranes are
made of a variety of materials that differ
in their effectiveness for different chemi-
cals. Change the filters per manufacturer’s
recommendations or annually.

Water softeners
Water softeners are a very popular form
of water treatment, since hard water is
prevalent inWisconsin. Calcium and mag-
nesium from natural mineral sources
cause hardness.Hard water can interfere
with the cleaning action of soaps and
detergents.Hard water is not a health
concern and while some calcium can help
prevent corrosion of plumbing, too much
can cause scale buildup, particularly in
hot water pipes,water heaters and
fixtures.

Home water softeners use a synthetic
resin or natural zeolite material that
exerts a strong attraction on calcium,
magnesium and other positively charged
metal ions called cations.The resin is first
saturated with charged ions of sodium
from a salt (usually sodium chloride)
solution.As water passes through the
resin, the sodium exchanges with calcium
and magnesium. Some softeners may also
remove a limited amount of iron and
manganese if they are in a soluble
(reduced) form.When the resin’s capacity
to remove calcium and magnesium is
filled, it must be recharged.

There are some disadvantages of water
softeners.One is that they remove
calcium and magnesium and substitute
sodium if using sodium chloride salt.
Sodium may have health implications for
individuals on low sodium diets. If you
must drink softened water, potassium
chloride can be used in place of sodium
chloride if you are concerned about
limiting your sodium intake.Many people
choose not to soften the faucet where
they get their water for drinking and
cooking.

Softening of outdoor water faucets is
unnecessary.

A fewwords of caution
If you have a health-related water quality
problem, it is best to obtain a safe water
supply before resorting to water treat-
ment systems. If water treatment appears
to be your only option, read this publica-
tion carefully to understand the limita-
tions of the options.No system is
foolproof and all require maintenance
and/or monitoring to be sure they are
working properly. Request written assur-
ance from the supplier as to what con-
taminants the device is capable of
removing, the unit’s removal effective-
ness, life expectancy of the unit, and
annual maintenance and operating costs.

Diagnosing your water
quality
The following table illustrates some of the
symptoms, causes and treatment options
for the most common water quality
problems inWisconsin.
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p
lu
m
b
in
g.
C
o
rr
o
si
ve
w
at
er

th
at
co
m
es
in
co
n
ta
ct
w
it
h
co
p
p
er

p
ip
es
w
ill
o
ft
en
ca
u
se
el
ev
at
ed
le
ve
ls

o
fc
o
p
p
er
in
w
at
er
.

In
st
al
la
n
eu
tr
al
iz
in
g
fil
te
ri
fw
at
er
is

co
rr
o
si
ve
to
p
re
ve
n
t
co
p
p
er
d
is
so
lu
-

ti
o
n
;o
ru
se
re
ve
rs
e
o
sm
o
si
s
o
rd
is
ti
lla
-

ti
o
n
to
re
d
u
ce
co
p
p
er
co
n
ce
n
tr
at
io
n
.

Th
e
co
p
p
er
st
an
d
ar
d
is
1.
3
m
g
/L
.

B
ec
au
se
el
ev
at
ed
co
p
p
er
le
ve
ls
ar
e

g
en
er
al
ly
a
re
su
lt
o
fw
at
er
si
tt
in
g
in

co
n
ta
ct
w
it
h
h
o
u
se
h
o
ld
p
lu
m
b
in
g,

al
lo
w
w
at
er
to
ru
n
fo
ra
p
er
io
d
o
ft
im
e

b
ef
o
re
d
ri
n
ki
n
g.
Th
is
w
ill
o
ft
en
lo
w
er

co
n
ce
n
tr
at
io
n
to
a
sa
fe
le
ve
l.

B
lu
e
g
re
en
st
ai
n
s
o
n
b
at
h
ro
o
m

fix
tu
re
s.
Pi
n
h
o
le
le
ak
s
in
p
ip
es
.

A
ci
d
ic
w
at
er
o
rw
at
er
w
it
h
ve
ry
lo
w

h
ar
d
n
es
s
th
at
re
ac
ts
w
it
h
h
o
u
se
h
o
ld

p
lu
m
b
in
g.

In
st
al
la
n
eu
tr
al
iz
in
g
fil
te
ri
ft
h
e

p
ro
b
le
m
is
at
tr
ib
u
ta
b
le
to
lo
w
p
H
;o
r

in
st
al
lp
lu
m
b
in
g
m
ad
e
o
fm
at
er
ia
ls

th
at
re
si
st
co
rr
o
si
o
n
.

C
o
rr
o
si
o
n
m
ay
al
so
in
cr
ea
se
th
e

am
o
u
n
ts
o
fh
ea
lt
h
-r
el
at
ed
co
n
ta
m
i-

n
an
ts
su
ch
as
co
p
p
er
an
d
le
ad
.(
Se
e

C
o
p
p
er
an
d
Le
ad
fo
rm
o
re
d
et
ai
ls
).

C
o

n
ce

rn
Sy

m
p

to
m

s
/p

ro
b

le
m

s
C

au
se

/s
o

u
rc

e
P

o
ss

ib
le

tr
ea

tm
en

t
m

et
h

o
d

s
A

d
d

it
io

n
al

in
fo

rm
at

io
n

*
In
d
ic
at
es
a
co
n
ta
m
in
an
t
w
it
h
p
o
te
n
ti
al
h
ea
lt
h
im
p
lic
at
io
n
s.

Sy
m

pt
om

s,
ca

us
es

an
d

tr
ea

tm
en

to
pt

io
ns

fo
rw

at
er

qu
al

ity
pr

ob
le

m
s



8

C
h

lo
ri

d
e

Fl
u

o
ri

d
e*

H
ar

d
n

es
s

H
yd

ro
g

en
Su

lf
id

e

Ir
o

n
an

d
/o

r
M

an
g

an
es

e
(r

ed
u

ce
d

)

Ir
o

n
an

d
/o

r
M

an
g

an
es

e
(o

xi
d

iz
ed

)

B
la
ck
en
in
g
an
d
p
it
ti
n
g
o
fs
ta
in
le
ss

st
ee
l.

Ve
ry
h
ig
h
ch
lo
ri
d
e
le
ve
ls
fr
o
m

le
ac
h
in
g
o
fr
o
ad
sa
lt
,f
er
ti
liz
er
s,
se
p
ti
c

sy
st
em
s
o
rl
an
d
fil
ls
.

U
se
ch
lo
ri
d
e
re
si
st
an
t
m
et
al
s
o
ra
n
io
n

ex
ch
an
g
e.

N
at
u
ra
lly
o
cc
u
rr
in
g
ch
lo
ri
d
e
le
ve
ls
ar
e

g
en
er
al
ly
le
ss
th
an
20
m
g
/L
,a
lt
h
o
u
g
h

el
ev
at
ed
ch
lo
ri
d
e
le
ve
ls
ca
n
o
cc
u
rn
at
-

u
ra
lly
in
so
m
e
p
ar
ts
o
ft
h
e
st
at
e.
Ex
ce
s-

si
ve
h
ar
d
n
es
s
an
d
su
lfa
te
m
ay
in
d
ic
at
e

a
n
at
u
ra
ls
o
u
rc
e
o
fc
h
lo
ri
d
e.

Ye
llo
w
is
h
m
o
tt
le
d
te
et
h
;t
es
ts
sh
o
w
in
g

el
ev
at
ed
le
ve
ls
o
ff
lu
o
ri
d
e.

Fl
u
o
ri
d
e
th
at
le
ac
h
es
fr
o
m
n
at
u
ra
l

m
in
er
al
so
u
rc
es
o
ri
n
d
u
st
ri
al
w
as
te
s.

A
ct
iv
at
ed
ca
rb
o
n
,d
is
ti
lla
ti
o
n
,a
n
io
n

ex
ch
an
g
e
o
rr
ev
er
se
o
sm
o
si
s.

Fl
u
o
ri
d
e
le
ss
th
an
2
m
g
/L
h
el
p
s

p
re
ve
n
t
to
o
th
d
ec
ay
in
ch
ild
re
n
;l
ev
el
s

g
re
at
er
th
an
2
m
g
/L
m
ay
ca
u
se

m
o
tt
lin
g
o
ft
ee
th
.

Fo
rm
at
io
n
o
fs
ca
le
,p
ar
ti
cu
la
rl
y
w
it
h
in

th
e
w
at
er
h
ea
te
r;
sc
al
e
d
ep
o
si
ts
o
n

fa
u
ce
ts
o
ru
te
n
si
ls
,s
o
ap
sc
u
m
.

D
is
so
lv
ed
ca
lc
iu
m
an
d
m
ag
n
es
iu
m

fr
o
m
so
il
an
d
aq
u
ife
rm
in
er
al
s
co
n
ta
in
-

in
g
lim
es
to
n
e
o
rd
o
lo
m
it
e.

Io
n
ex
ch
an
g
e
(w
at
er
so
ft
en
er
).

W
at
er
is
co
n
si
d
er
ed
h
ar
d
w
h
en

h
ar
d
n
es
s
g
re
at
er
th
an
15
0
m
g
/L
as

C
aC
O
3.
H
ar
d
w
at
er
is
g
en
er
al
ly
h
ig
h
er

in
al
ka
lin
it
y
an
d
le
ss
co
rr
o
si
ve
th
an

so
ft
w
at
er
.S
ca
le
fo
rm
at
io
n
in
w
at
er

h
ea
te
rc
an
d
ec
re
as
e
w
at
er
h
ea
te
r

ef
fic
ie
n
cy
.

W
at
er
sm
el
ls
lik
e
ro
tt
en
eg
g
s.

H
yd
ro
g
en
su
lfi
d
e,
a
re
d
u
ce
d
fo
rm
o
f

su
lfu
r.
So
u
rc
e
m
ay
b
e
n
at
u
ra
lly
o
cc
u
r-

ri
n
g
if
w
at
er
h
as
p
as
se
d
th
ro
u
g
h

o
rg
an
ic
m
at
te
r.
M
ay
b
e
ca
u
se
d
b
y

re
ac
ti
o
n
w
it
h
an
o
d
e
ro
d
in
w
at
er

h
ea
te
ro
rp
ro
d
u
ce
d
b
y
a
su
lfa
te

re
d
u
ci
n
g
b
ac
te
ri
a
(s
ee
al
so
Ir
o
n
an
d
/

o
rS
u
lfu
rB
ac
te
ri
a)
.

If
o
n
ly
p
re
se
n
t
in
h
o
t
w
at
er
,f
ir
st
tr
y

re
p
la
ci
n
g
th
e
m
ag
n
es
iu
m
an
o
d
e
ro
d

in
th
e
h
o
t
w
at
er
h
ea
te
rw
it
h
o
n
e
m
ad
e

o
fa
lu
m
in
u
m
o
ro
th
er
m
et
al
;o
th
er
w
is
e

u
se
ae
ra
ti
o
n
o
ro
xi
d
at
io
n
.

Th
is
is
th
e
m
o
st
co
m
m
o
n
o
d
o
ra
n
d
is

m
o
re
n
o
ti
ce
ab
le
in
h
o
t
w
at
er
.I
t
ca
u
se
s

n
o
h
ar
m
fu
lh
ea
lt
h
ef
fe
ct
s
at
lo
w
le
ve
ls
,

b
u
t
m
ay
ca
u
se
ai
rq
u
al
it
y
p
ro
b
le
m
s.

•
W
at
er
cl
ea
rw
h
en
d
ra
w
n
b
u
t
re
d
-

b
ro
w
n
(ir
o
n
)o
rb
la
ck
p
ar
ti
cl
es
(m
an
-

g
an
es
e)
ap
p
ea
ra
s
w
at
er
st
an
d
s;

re
d
-b
ro
w
n
o
rb
la
ck
st
ai
n
s
o
n
fix
tu
re
s

o
rl
au
n
d
ry
.

•
A
ci
d
ic
o
rr
ed
u
ce
d
g
ro
u
n
d
w
at
er
ca
n

d
is
so
lv
e
n
at
u
ra
lly
o
cc
u
rr
in
g
ir
o
n
o
r

m
an
g
an
es
e
fr
o
m
so
il
o
rb
ed
ro
ck
.

C
o
lo
rc
au
se
d
b
y
re
d
u
ce
d
ir
o
n
o
r

m
an
g
an
es
e
p
re
ci
p
it
at
in
g
o
u
t
o
f

so
lu
ti
o
n
as
w
at
er
co
m
es
in
co
n
ta
ct

w
it
h
ox
yg
en
.

•
W
at
er
so
ft
en
er
(h
ar
d
w
at
er
an
d
lo
w

ir
o
n
le
ve
ls
);
ir
o
n
fil
te
r(
<
15
m
g
/L
ir
o
n

+
m
an
g
an
es
e)
;c
h
em
ic
al
ox
id
at
io
n

o
ra
er
at
io
n
an
d
p
h
ys
ic
al
fil
te
r(
>
10

m
g
/L
ir
o
n
).

•
Ir
o
n
is
a
m
aj
o
ra
es
th
et
ic
p
ro
b
le
m
in

m
an
y
p
ar
ts
o
ft
h
e
st
at
e.
Th
e
se
co
n
d
-

ar
y
d
ri
n
ki
n
g
w
at
er
st
an
d
ar
d
s
o
f0
.3

m
g
/L
fo
ri
ro
n
an
d
0.
05
m
g
/L
m
an
-

g
an
es
e
ar
e
b
as
ed
o
n
ae
st
h
et
ic

ef
fe
ct
s
in
w
at
er
.

•
W
at
er
co
n
ta
in
s
re
d
-b
ro
w
n
(ir
o
n
)o
r

b
la
ck
(m
an
g
an
es
e)
p
ar
ti
cl
es
w
h
en

d
ra
w
n
.

•
O
xi
d
iz
ed
ir
o
n
o
rm
an
g
an
es
e
d
u
e
to

ex
p
o
su
re
o
fw
at
er
to
ai
rp
ri
o
rt
o

fa
u
ce
t;
ir
o
n
p
ar
ti
cl
es
fr
o
m
co
rr
o
si
o
n

o
fo
ld
p
ip
es
o
re
q
u
ip
m
en
t.

•
Pa
rt
ic
le
fil
te
r.

•
sa
m
e
as
fo
ro
xi
d
iz
ed

C
o

n
ce

rn
Sy

m
p

to
m

s
/p

ro
b

le
m

s
C

au
se

/s
o

u
rc

e
P

o
ss

ib
le

tr
ea

tm
en

t
m

et
h

o
d

s
A

d
d

it
io

n
al

in
fo

rm
at

io
n

*
In
d
ic
at
es
a
co
n
ta
m
in
an
t
w
it
h
p
o
te
n
ti
al
h
ea
lt
h
im
p
lic
at
io
n
s.

Sy
m

pt
om

s,
ca

us
es

an
d

tr
ea

tm
en

to
pt

io
ns

fo
rw

at
er

qu
al

ity
pr

ob
le

m
s,

co
nt

in
ue

d
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Ir
o

n
an

d
/o

r
Su

lf
u

r
B

ac
te

ri
a

Le
ad

*

N
it

ra
te

*

O
rg

an
ic

M
at

te
r

Ta
n

n
in

s

P
es

ti
ci

d
es

*

R
ad

io
ac

ti
vi

ty
*

V
o

la
ti

le
O

rg
an

ic
C

o
m

p
o

u
n

d
s*

(V
O

C
s)

O
d
o
rs
,o
ily
fil
m
o
n
w
at
er
an
d
g
el
at
i-

n
o
u
s
g
ro
w
th
in
w
at
er
ta
n
ks
o
rt
o
ile
ts
,

co
rr
o
si
o
n
o
fp
lu
m
b
in
g
eq
u
ip
m
en
t.

N
at
u
ra
lly
o
cc
u
rr
in
g
b
ac
te
ri
a
th
at

p
ro
d
u
ce
sl
im
e
b
u
ild
-u
p
in
w
el
ls
cr
ee
n
s,

p
ip
es
an
d
p
lu
m
b
in
g.

Pe
ri
o
d
ic
ch
lo
ri
n
at
io
n
o
ft
h
e
w
el
lu
si
n
g

D
N
R
re
co
m
m
en
d
ed
p
ro
ce
d
u
re
ca
n

o
ft
en
h
el
p
co
n
tr
o
lt
h
e
p
ro
b
le
m
;f
o
r

se
ve
re
p
ro
b
le
m
s
p
el
le
t
ch
lo
ri
n
at
o
r

(p
ri
o
rD
N
R
ap
p
ro
va
li
s
re
q
u
ir
ed
).
If
th
e

p
ro
b
le
m
s
ar
e
ca
u
se
d
b
y
su
lfa
te
-

re
d
u
ci
n
g
b
ac
te
ri
a,
re
m
ov
in
g
o
rr
ep
la
c-

in
g
th
e
m
ag
n
es
iu
m
an
o
d
e
in
th
e
h
o
t

w
at
er
h
ea
te
rm
ay
al
so
h
el
p
.

Th
es
e
b
ac
te
ri
a
ar
e
n
o
t
a
h
ea
lt
h

co
n
ce
rn
b
u
t
ar
e
o
ft
en
a
n
u
is
an
ce
.I
t
is

d
iff
ic
u
lt
to
to
ta
lly
el
im
in
at
e
ir
o
n
an
d
/o
r

su
lfu
rb
ac
te
ri
a;
th
er
ef
o
re
p
re
ve
n
ti
o
n
is

th
e
b
es
t
sa
fe
g
u
ar
d
.A
ll
p
re
ca
u
ti
o
n
s

sh
o
u
ld
b
e
ta
ke
n
d
u
ri
n
g
th
e
d
ri
lli
n
g

p
ro
ce
ss
to
p
re
ve
n
t
th
e
in
tr
o
d
u
ct
io
n
o
f

th
es
e
b
ac
te
ri
a
o
ro
rg
an
ic
m
at
er
ia
lt
h
at

ca
n
n
o
u
ri
sh
th
em
.

H
as
n
o
co
lo
r,
ta
st
e
o
ro
d
o
r;
d
et
ec
ti
n
g

th
is
p
ro
b
le
m
re
q
u
ir
es
te
st
in
g.

B
ef
o
re
19
85
le
ad
so
ld
er
w
as
a

co
m
m
o
n
co
m
p
o
n
en
t
o
fh
o
u
se
h
o
ld

p
lu
m
b
in
g
sy
st
em
s.
B
at
h
ro
o
m
fix
tu
re
s

m
ay
al
so
b
e
a
so
u
rc
e,
if
th
ey
ar
e
m
ad
e

o
fb
ra
ss
an
d
b
ro
n
ze
.

In
st
al
la
n
eu
tr
al
iz
in
g
fil
te
ri
fw
at
er
is

co
rr
o
si
ve
to
p
re
ve
n
t
le
ad
d
is
so
lu
ti
o
n
;

o
ru
se
re
ve
rs
e
o
sm
o
si
s
o
rd
is
ti
lla
ti
o
n
to

re
d
u
ce
le
ad
co
n
ce
n
tr
at
io
n
.

Th
e
le
ad
st
an
d
ar
d
is
0.
01
5
m
g
/L
.

B
ec
au
se
th
e
so
u
rc
e
o
ft
h
e
le
ad
is
g
en
-

er
al
ly
th
e
h
o
u
se
h
o
ld
p
lu
m
b
in
g,
al
lo
w

w
at
er
to
ru
n
fo
ra
p
er
io
d
o
ft
im
e

b
ef
o
re
d
ri
n
ki
n
g.
Th
is
w
ill
o
ft
en
lo
w
er

co
n
ce
n
tr
at
io
n
to
a
sa
fe
le
ve
l.

H
as
n
o
co
lo
r,
ta
st
e
o
ro
d
o
r;
d
et
ec
ti
n
g

th
is
p
ro
b
le
m
re
q
u
ir
es
te
st
in
g.

N
it
ro
g
en
fr
o
m
fe
rt
ili
ze
rs
,m
an
u
re

st
o
ra
g
e,
w
as
te
sp
re
ad
in
g,
se
p
ti
c

sy
st
em
s
o
rt
h
e
b
re
ak
d
o
w
n
o
fo
rg
an
ic

m
at
te
ra
n
d
w
as
te
s.

A
n
io
n
ex
ch
an
g
e,
d
is
ti
lla
ti
o
n
,r
ev
er
se

o
sm
o
si
s.

In
fa
nt
s
le
ss
th
an
6
m
on
th
s
of
ag
e
an
d

w
om
en
w
h
o
ar
e
p
re
g
n
an
ts
h
ou
ld
av
oi
d

d
ri
n
ki
n
g
w
at
er
th
at
co
nt
ai
n
s
m
or
e
th
an

10
m
g
/L
of
n
it
ra
te
-n
it
ro
g
en
.T
h
e

p
re
se
n
ce
of
n
it
ra
te
ab
ov
e
2
m
g
/L
g
en
-

er
al
ly
in
d
ic
at
es
w
at
er
is
b
ei
n
g
im
p
ac
te
d

b
y
lo
ca
ll
an
d
-u
se
an
d
m
ay
al
so
in
d
ic
at
e

ot
h
er
p
ot
en
ti
al
co
nt
am
in
an
ts
.

W
at
er
sm
el
ls
m
u
st
y
o
re
ar
th
y.

C
o
m
p
o
u
n
d
s
fr
o
m
d
ec
o
m
p
o
si
ti
o
n
o
f

n
at
u
ra
lo
rg
an
ic
m
at
te
re
n
te
ri
n
g
th
e

w
at
er
su
p
p
ly
.

A
ct
iv
at
ed
ca
rb
o
n
,o
xi
d
at
io
n

Ye
llo
w
is
h
ca
st
to
w
at
er
ev
en
af
te
rs
o
ft
-

en
in
g
an
d
/o
rf
ilt
er
in
g.

Ta
n
n
in
s
ar
e
p
ic
ke
d
u
p
w
h
en
w
at
er

p
as
se
s
th
ro
u
g
h
so
ils
w
it
h
h
ig
h

o
rg
an
ic
m
at
te
rc
o
n
te
n
t
o
rd
ec
ay
in
g

ve
g
et
at
io
n
.

A
n
io
n
ex
ch
an
g
e,
ox
id
at
io
n

H
as
n
o
co
lo
r,
ta
st
e
o
ro
d
o
r;
d
et
ec
ti
n
g

th
is
p
ro
b
le
m
re
q
u
ir
es
te
st
in
g.

Le
ac
h
in
g
o
fp
es
ti
ci
d
es
fr
o
m
p
la
ce
s

w
h
er
e
th
ey
h
av
e
b
ee
n
ap
p
lie
d,
sp
ill
ed

o
rs
to
re
d
.

A
ct
iv
at
ed
ca
rb
o
n
,d
is
ti
lla
ti
o
n
.R
ev
er
se

o
sm
o
si
s
m
ay
b
e
ef
fe
ct
iv
e
fo
rs
o
m
e

p
es
ti
ci
d
es
.

Yo
u
m
ay
su
sp
ec
t
th
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