Poor water quality in private water wells: Report to WV Legislature
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Introduction

A reasonable person confronted with water that contains black flakes, present an oily sheen on the water after standing, that smells like rotten eggs, kerosene or other foul odors, and corrodes metal in a very short time period will assume this was caused by chemical contamination.  Certainly these water quality issues are extremely difficult to live with and in many cases water from Lick Creek wells was unusable.  

Many residents have attributed these problems to coal slurry in the water.  However, the chemical and bacteriological information that we already know about water in the Lick Creek area can explain every one of these water quality issues.  This information is presented to help you address the concerns of your constituents.  Because these issues involve both chemical and bacteriological (but not health) issues, these points may not be covered under the charge to DEP and DHHR under the legislative-mandated coal slurry study.  

I was the lead author for two Health Consultations in the Lick Creek/Rawl/Merrimac areas.  The first Health Consultation concluded that the local landfill, railroad clean out area, or the nearby strip mine were sources of chemicals in hazardous amounts.  The second Health Consultation reviewed inorganic chemical data presented by Wheeling Jesuit College.  This report concluded that use of the water might be a public health hazard for certain sensitive populations.  My interest in these water quality issues continues although I retired from the Bureau for Public Health in May 2007.

Subsequent to the publication of the Health Consultations I worked on a private well issue involving hydrogen sulfide in water.  I found information regarding corrosive water and bacteria that live on iron, manganese, and sulfates.  It addressed each of the water quality problems raised by the residents of Lick Creek.  These water quality issues are not confined to the Appalachian coalfields.  They occur anywhere there is a lot of iron, manganese, and sulfates in the water.  This report used information from Alaska, Georgia, Minnesota, Nebraska, Pennsylvania, Wisconsin and Virginia as well as national associations and commercial water-treatment businesses.  

Naturally occurring “poor” water

“Poor” groundwater from certain springs in West Virginia was known to the Indians before white settlement. Resorts and social centers developed around these springs and many of them had reported medicinal value.  The “Springs of West Virginia” published by the West Virginia Geological Survey and Economic Survey provides much data about springwater in West Virginia.
  The book described Red Sulphur Springs in Monroe county as having a purplish-red gelatinous deposit forming on the sides of the fountain and Lee Sulphur Springs in Hardy county had a penetrating sulphur odor and an unpleasant taste.  

Spring water is groundwater flowing out along the surface of the ground.  Dug and drilled wells use groundwater and have the potential to tap into veins of naturally occurring “poor” groundwater.

Groundwater quality can vary widely even in close proximity.  For instance the Salt Sulphur Springs and Iodine Spring in Monroe County are 50 yards apart and their chemical composition is very different.

	Spring
	Magnesium
	Sulfate
	Hydrogen sulfide
	Calcium
	Dissolved Solids

	Salt Sulphur 
	140 ppm
	2,000 ppm
	30 ppm
	530 ppm
	3,280 ppm

	Iodine 
	99 ppm
	1,400 ppm
	9.6 ppm
	460 ppm
	2,670 ppm

	                        ppm = parts per million


Mining can degrade water quality

Underground mining and blasting can alter groundwater in many ways, by: 

· increasing the amount of oxygen getting underground, 

· making many minerals more likely to get into the water, and/or 

· changing the groundwater sources that feed into any particular well.

The Lick Creek/Rawl public water system was funded in part with Abandoned Mine Land funds.  These funds became available when coal mining prior to 1977 was determined to be a source of water degradation in this area.

Bacteria 

Before going further, a word about bacteria.  Bacteria can be described as “Good”, “Bad”, “Ugly” and “Unknown.”  Examples of “Good bacteria” are those to make yogurt and the ones living in our intestines that helps us digest our food.  “Bad bacteria” cause disease.  The bacteria described here are in the “Ugly” class, those not known to cause disease and whose effects are unpleasant.  Most bacteria are part of the large “Unknown” class, those that we cannot name and have not studied.  

There are unimaginable numbers of bacteria in this world.  A pinch of soil contains millions of bacteria.  Our bodies have 10 times more bacterial cells than human cells, and the bacteria are essential for our good health.

Lick Creek/Rawl water

Residents report their water quality became worse after surface mine blasting.  Several factors may be involved:

· Blasting may have caused oxidation and mobilization of more minerals in the groundwater.

· Blasting may have caused wells to intersect different groundwater veins, of worse quality.

· The number of iron, manganese, sulfate-reducing and sulfate-oxidizing bacteria in water systems and in groundwater may be much greater than in the past.  Bacteria form slime and biofilms that are extremely difficult to remove.  The pits that form from corrosion of metal makes removal that much more difficult.  In a suitable environment bacteria can grow to unimaginable numbers.  

· Waste from disposal areas may be getting into the groundwater.

Many people believe coal slurry is causing their water problems.  The source of the inorganic chemicals in Lick Creek water is unknown.

Here is a comparison of the highest amount of the selected chemicals found in West Virginia springs with what has been found in Lick Creek/Rawl wells.  Iron in Lick Creek wells was found in amounts greater than spring water.  Keep in mind that corrosion of the household water systems adds significant iron to the sampled water. 

	Chemical
	Spring
	County
	Lick Creek/ Rawl well water


	Iron
	Porterfield Limestone Spring 

20 ppm (sampled in 1969)
	Berkeley
	0.3 - 88 ppm 

	Sulfate
	Shannondale White Sulphur Spring 

4,377 ppm (sampled in 1931)
	Jefferson
	273 - 408 ppm

	Sodium
	Shannondale White Sulphur Spring 

2,401 ppm (sampled in 1931)*
	Jefferson
	7.6 - 189 ppm

	Hydrogen sulfide
	Salt Sulphur Spring

30 ppm (sampled in 1935)
	Monroe
	Not measured in water.

	Manganese
	Manacea Spring (Irondale Spring)

18 ppm (sampled in 1999)
	Preston
	0.3 - 4 ppm

	* Sodium data before more modern testing methods were used are not considered reliable. 


It is important to realize that household tap water is not necessarily the same quality as groundwater.  Several factors must be considered:

· Corrosion will add additional metals to the water.

· Surface water may be intruding into the well water.  Coliform bacteria was found in more than half of the well water tested in Lick Creek, indicating surface or septic influences on these systems.  

· Household water treatment will add chemicals to the water.

· Finally, the “Ugly” bacteria present in these water systems (iron, manganese, sulfur bacteria) can be thought of as small chemical factories adding various chemicals of their own to the water.  

Inorganic chemistry and bacterial issues related to water quality

The remaining pages list water quality issues in private water wells, what is known about basic chemistry/ bacteriology occurring in water to cause these things to happen as well as selected quotes from out of state and foreign sources.  Some explanations are repeated, as they are factors in several of the water quality issues.

Remedies and Recommendations

Reducing levels of metals in water as well as the bacteria that feed upon them will reduce the incidence of black and/or red water.  Many household systems have such severe water quality issues that effective water treatment is not feasible.

Water testing is suggested to determine that chemicals are not present in harmful amounts. 

Hydrogen sulfide gas can be associated with other issues, such as the presence of sewage, which should be ruled out.

Shock chlorination (putting high concentrations of chlorine into the water system) can be effective over the short term.  This process is not likely to kill all the bacteria given the corrosion noted in these systems and the difficulty removing all bacteria from the corroded parts of the system and breaking apart the biofilms and scale formed.  Once the bacteria grow back the water quality will degrade.

Three remedies are suggested to reduce the rotten egg odor produced by sulfur-reducing bacteria:

· Kill the bacteria in the hot water tank by raising the water temperature to 160F (the hottest setting) for several hours or overnight, then flushing the heater.  A plumber or someone very familiar with hot water heater operation to be sure the water heater relief valve is operating properly should do this.  All household occupants must use the hot water with care, as it will be scalding hot during this time.  

· Kill the bacteria with chlorine.  Adding very high concentrations of chlorine to the entire water system for several hours to overnight will kill these and other bacteria.  This is called shock chlorination.  

· Contact a plumber to remove or replace the magnesium anode in the hot water tank.

My water corrodes metal. I cannot use metal faucets. My hot water tank has to be replaced every year or two.

Iron bacteria are found in water containing lots of iron.  These bacteria oxidize iron as they grow.  This oxidation is very corrosive to metals.  Steel and iron will become pitted.  The pitting (corrosion) can happen very quickly.  

Iron bacterial growth can use up all the oxygen in the water (anaerobic conditions).  When the water also contains lots of sulfate, sulfate-reducing bacteria can start to grow.  These bacteria produce hydrogen sulfide, which is also corrosive to metal.  
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Picture of corrosion due to iron bacteria
 

“It [iron biofouling] may also cause pitting-type corrosion of steel and iron. Iron biofouling, is described as a mix of living and dead bacteria, their sheaths, stalks, secretions, and other leavings, and embedded metal hydroxide particles.”

“It [iron bacteria] will appear as a thick rust colored sludge or slime. If the iron bacteria build-up becomes thick enough, anaerobic conditions may develop…which can cause corrosion of stainless steel or growth of sulfate-reducing bacteria.”

“This [the presence of iron related bacteria] in well water may account for some of the high iron concentrations observed in six of the wells [all the wells in Lick Creek with elevated iron levels].”

“Another negative effect of iron bacteria is that they can cause electrons from ferrous iron (Fe2) to be converted to ferric iron (Fe3). This results in increased oxidation (corrosion) of pipes and pumps.”

“Besides its offensive odor, hydrogen sulfide is highly corrosive and can eat away at metal piping and plumbing connections.”

“More than 50 mg/L [50 ppm] sodium and potassium in the presence of suspended matter causes foaming; which accelerates scale formation and corrosion…”

“Sulfate combines with calcium to form adherent scale…”

My faucets turn black and any metal in the bathroom is corroded.

Water high in sulfates can support the growth of sulfate-reducing bacteria.  Sulfate-reducing bacteria generate hydrogen sulfide gas as they grow.  This smells like rotten eggs.  

Hydrogen sulfide gas will degrade and corrode metal, causing yellow and black stains.

Most people can smell hydrogen sulfide gas at very low levels.  Most people can detect hydrogen sulfide in water as low as 0.1 milligrams per liter as a rotten egg odor.
 

“Hydrogen sulfide can be corrosive to metals such as iron, steel, copper, and brass, and it can cause yellow or black stains on kitchen and bathroom fixtures.”

The water in my toilet tank has an oily sheen.

Iron bacteria release chemicals as they grow that result in an oily sheen on water that has been allowed to stand.  I have not found any information about the chemical composition of this oily sheen.  However, the growth of iron bacteria is not associated with adverse health effects.

“The presence of iron bacteria is identified by rust colored, slimy deposits that may include an oily appearance on the water’s surface…. To distinguish between an oil spill and iron bacteria, break up the oily sheen on the water. If the sheen immediately goes back together the substance is oil. If the sheen stays broken up into pieces, then it is most likely iron bacteria.”

The water has a strange odor, like kerosene or diesel fuel. 

Iron bacteria, sulfate-reducing bacteria, and manganese bacteria release chemicals as they grow that can be smelled in water that stands for a while, such as in a toilet tank.  These chemicals can also give the water a strange taste.  I have not found any information about the chemicals generated by the growth of these bacteria.  However, these bacteria are not associated with any adverse health issues.  

“Iron bacteria often produce unpleasant tastes and odors commonly reported as ‘swampy’, ‘oily or petroleum’, ‘cucumber’, ‘sewage’, ‘rotten vegetation’, or ‘musty.’ The taste or odor may be more noticeable after the water has not been used for some time.”

“Iron bacteria…[can cause]…unpleasant odors and taste following the death of the bacteria.”

“Iron bacteria in wells do not cause health problems, but they can…cause odors….”

“The large amount of brown slime so produced [by iron and manganese bacteria] will impart a reddish tinge and an unpleasant odor to drinking water and may render the supply unsuitable for domestic or industrial purposes.”

“The sulfate-reducing bacteria contribute greatly to tuberculations [growth deposits] and galvanic corrosion of water mains and to taste and odor problems in water.”

My water smells like rotten eggs.

Water high in sulfates can support the growth of sulfate-reducing bacteria.  Sulfate-reducing bacteria generate hydrogen sulfide gas as they grow.  Hydrogen sulfide smells like rotten eggs.

Sulfate reducing bacteria were in 8 of 12 wells tested by WVDEP in their 1995 Lick Creek well complaint study.

Most people can smell hydrogen sulfide gas at very low levels.  Most people can smell hydrogen sulfide in water as low as 0.1 milligrams per liter as a rotten egg odor.
 

“Hydrogen sulfide gas can result from a number of different sources. It can occur naturally in groundwater. It can be produced by certain “sulfur bacteria” in the groundwater, in the well, or in the water distribution system. It can be produced also by sulfur bacteria or chemical reactions inside water heaters. In rare instances it can result from pollution.”

“Wells drilled in shale or sandstone, or near coal or oil fields often have hydrogen sulfide present in the water. The presence of hydrogen sulfide may be seasonal and frequently occurs in well water which also contains appreciable levels of iron and/or manganese, or that has a low pH.”

“The magnesium rod used in hot water heaters for corrosion control can chemically reduce sulfates to hydrogen sulfide, and sewage pollution can be a source.”

“A water heater can provide an ideal environment for the conversion of sulfate to hydrogen sulfide gas. The water heater can produce hydrogen sulfide gas in two ways – creating a warm environment where sulfur bacteria can live, and sustaining a reaction between sulfate in the water and the water heater anode.”

My water is red and/or black.

The water is clear when it comes from the tap but a red or black residue forms quickly.

My water becomes black after a lot of rain.

There are several explanations for why water containing a lot of minerals is red and/or black and why water changes color.

Water taken directly from the tap often does not have a lot of oxygen in it.  Iron in water without oxygen is in the reduced or “ferrous” state.  Such water has no color from the iron because iron in this form is dissolved in water.  Iron in water with oxygen is in the oxidized or “ferric” state.  Iron in the oxidized form does not dissolve in water.  Often water high in iron is clear when taken from the tap, but soon becomes red, rusty or black and particles (iron coming out of the water) appear.  One can think of it as the iron in the water “rusting.”  Ferric hydroxide is the chemical most likely precipitating from the water although several chemical reactions may be occurring.  Also if oxygen-containing water comes from the tap then water could look red, rusty, or black directly from the tap.  Water systems could have both types of water coming from the tap depending on local conditions.  

Iron bacteria accumulate small black iron particles in their sheaths, see the illustration below.  When these iron bacteria sheaths break apart these iron particles are released.  A “black water” event can occur at any time under these conditions although disturbing the water system (such as using a lot of water) can make these growths (slime) more likely to break loose.

Manganese accumulations in water systems will cause black water.  Disturbing these sediments, such as when a lot of water runs through the system, makes a “black water” event more likely.

Corrosion of metals in the water system can cause discoloration of water.
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Sulfur-oxidizing bacteria (less common than sulfur-reducing bacteria) can darken water.  

The left illustration shows ferric hydroxide (iron) particles in and around the slime secreted by the iron bacteria. The other illustration shows cells in long filaments.

“This type of iron [ferrous iron] is generally present when tap water appears clear but develops black or rust colored particles [ferric iron] that settle to the bottom of the container when the water is allowed to stand….ferric iron is commonly present when the tap water appears rusty or has a red or yellow color to it (colloidal iron).”

“More than 0.1 mg/L [ppm] precipitates after exposure to air.  Large quantities favor the growth of iron bacteria.”

“Dissolved or ferrous iron is usually found only in groundwater supplies that have not been exposed to oxygen. Water containing ferrous iron is clear and colorless. Upon contact with air, oxygen is absorbed and reacts with the dissolved iron to form insoluble ferric oxide, also known as iron oxide or ‘red rust’.”

“Iron that does not form particles large enough to settle out and that remains suspended (colloidal iron) leaves the water with a red tint. Manganese usually is dissolved in water, although some shallow wells contain colloidal manganese (black tint).”

“Deposits of manganese will collect in plumbing systems and the tap water will contain a black sediment and blackish turbidity.”

“Occasionally this slime [from growth of iron bacteria] breaks loose causing spurts of extremely discolored water.”

“Sulfur-oxidizing bacteria produce effects similar to those of iron bacteria. They convert sulfide to sulfate, producing a dark slime that can clog plumbing and/or stain clothing. Blackening of water or dark slime coating the inside of toilet tanks may indicate a sulfur-oxidizing bacteria problem. Sulfur-oxidizing bacteria are less common than sulfur-reducing bacteria.”

“Iron biofouling [the ‘iron bacteria’ problem] generally causes side effects such as slight and intermittent sulfide odor, and breakthroughs of red water.”

“The corrosion of iron and steel from hydrogen sulfide forms ferrous sulfide or “black water which can darken silverware and discolor copper and brass utensils.”

My water pipes quickly plug up with a slimy residue.

Slime in water systems results when bacteria that feed upon iron, manganese, and sulfates in the water grow. These bacteria form slime around their colonies.  Bacterial slime can often be seen in toilet tanks.  Bacteria can grow quickly rapidly plugging water pipes.  

Bacteria naturally occurring in soil can also generate slime.

‘“Iron bacteria’ is one type of biofouling
 among several, including the characteristic white sulfur slime of sulphur springs.”

“Generally, iron biofouling is the cause of iron buildup in wells and pipes. Bacterial iron may build up quickly compared to mineral encrustation.”

“They [iron bacteria] oxidize iron into its insoluble ferric state and deposit it in the slimy gelatinous material which surrounds their cells. 

Iron bacteria do not cause health problems in people, but may have the following unpleasant and possibly expensive effects: 

· Unpleasant odors and taste following the death of the bacteria

· Increased organic content in water favoring the multiplication of other bacteria

· Piping clogged with rusty sludge

· Corroded piping and plumbing equipment

· Increased chances of sulfur-bacteria infestation.”

“These [iron] bacteria are capable of transforming iron and sometimes manganese to an insoluble form that can cause severe fouling and plugging which reduce flows in pipes and plumbing fixtures, in well pumps, treatment plants, and distribution systems.”

“They [iron or manganese bacteria] produce a red-brown (iron) or black-brown (manganese) slime in toilet tanks and can clog water systems.”

“Sulfur-oxidizing bacteria produce effects similar to those of iron bacteria. They convert sulfide to sulfate, producing a dark slime that can clog plumbing and/or stain clothing. Blackening of water or dark slime coating the inside of toilet tanks may indicate a sulfur-oxidizing bacteria problem. Sulfur-oxidizing bacteria are less common than sulfur-reducing bacteria.”

“Most of the slime formation found in wells is by naturally occurring soil bacteria, not by iron bacteria.”

The fixtures in the kitchen and bath are stained from the water and I cannot do laundry because my clothes become red and black from the water.

Iron and manganese in water in large amounts will stain laundry, porcelain kitchen and bath fixtures and other items reddish-brown or brownish-black.  Hydrogen sulfide will stain fixtures yellow or black.

These stains are worse if chlorine bleach or alkaline cleaners are used.

“Iron will typically cause reddish-brown staining of laundry, porcelain, dishes, utensils, and glassware. Manganese causes a similar problem, resulting in a brownish-black stain.  These stains are not removed by soaps and detergents; in fact using chlorine bleach and alkaline cleaners (such as sodium and carbonate) will intensify the stains.”

“Hydrogen sulfide can cause yellow or black stains on kitchen and bathroom fixtures.”
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