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Groundwater in Ohio contains naturallyGroundwater in Ohio contains naturally--occurring occurring 
chemical constituents, both dissolved and suspended, chemical constituents, both dissolved and suspended, 

((present at trace levels (parts per billion ppb present at trace levels (parts per billion ppb –– low part low part 
per million ppm range) in all types of aquifers across the per million ppm range) in all types of aquifers across the 
state. state. 

Chemicals include a variety of metals, salts, and other Chemicals include a variety of metals, salts, and other 
compounds, including oxides, carbonates, sulfates, and compounds, including oxides, carbonates, sulfates, and gg
nitrates.nitrates.



NaturallyNaturally--occurring Chemicals occurring Chemicals 
as Health Concernsas Health Concerns

Some chemicals constituents, when present at the Some chemicals constituents, when present at the , p, p
highhigh--end of their range of natural concentrations in end of their range of natural concentrations in 
groundwater, can pose a potential health threat to groundwater, can pose a potential health threat to 
people that drink untreated groundwater over anpeople that drink untreated groundwater over anpeople that drink untreated groundwater over an people that drink untreated groundwater over an 
extended period of time. extended period of time. 

U S EPA established healthU S EPA established health--based drinkingbased drinkingU.S. EPA established healthU.S. EPA established health based drinking based drinking 
water standards (Maximum Contaminant water standards (Maximum Contaminant 
Levels /MCLs) for these chemicals in public Levels /MCLs) for these chemicals in public 

ater s pplies designed to be protecti e ofater s pplies designed to be protecti e ofwater supplies designed to be protective of water supplies designed to be protective of 
public health.  public health.  

MCLs are established for chemicals likeMCLs are established for chemicals likeMCLs are established for chemicals like MCLs are established for chemicals like 
Arsenic, Lead, and Nitrate.Arsenic, Lead, and Nitrate.



NaturallyNaturally--occurring Chemicals occurring Chemicals 
W t Q lit IW t Q lit Ias Water Quality Issuesas Water Quality Issues

Other chemicals are waterOther chemicals are water--quality rather than potential quality rather than potential q y pq y p
health concerns, where elevated levels of the chemical health concerns, where elevated levels of the chemical 
can cause aesthetic impairments (taste, odor, or color) or can cause aesthetic impairments (taste, odor, or color) or 
cosmetic effects (discoloration of teeth skin or fabrics)cosmetic effects (discoloration of teeth skin or fabrics)cosmetic effects (discoloration of teeth, skin, or fabrics). cosmetic effects (discoloration of teeth, skin, or fabrics). 

U S EPA established Secondary MaximumU S EPA established Secondary MaximumU.S. EPA established Secondary Maximum U.S. EPA established Secondary Maximum 
Contaminant Levels (SMCLs) for these Contaminant Levels (SMCLs) for these 
chemicals to limit the development of these chemicals to limit the development of these 

ater q alit iss esater q alit iss eswater quality issues.  water quality issues.  

SMCLs established for chemicals like Iron, SMCLs established for chemicals like Iron, 
Manganese Zinc chloride and sulfatesManganese Zinc chloride and sulfatesManganese, Zinc, chloride, and sulfates.Manganese, Zinc, chloride, and sulfates.



ODH and Private Well Water ODH and Private Well Water 
Safety & QualitySafety & Quality

Ohio EPA’s Division of Drinking andOhio EPA’s Division of Drinking andOhio EPA s Division of Drinking and Ohio EPA s Division of Drinking and 
Groundwater regulates public water supplies Groundwater regulates public water supplies 
for U.S. EPA in Ohio. for U.S. EPA in Ohio. 

ODH’s Private Water Systems section uses ODH’s Private Water Systems section uses 
the federal standards as advisory or guidance the federal standards as advisory or guidance 
numbers to minimize water quality issues in numbers to minimize water quality issues in 
private wells across the state. private wells across the state. 



Groundwater Resource Map Groundwater Resource Map 
for Ohiofor Ohio

Private wells in Ohio obtain their water from Private wells in Ohio obtain their water from 
groundwater obtained from a variety of aquifers groundwater obtained from a variety of aquifers 
across the state.  These include Silurian carbonate across the state.  These include Silurian carbonate 
bedrock in westbedrock in west--central Ohio;  Carboniferous central Ohio;  Carboniferous ;;
sandstones in eastern Ohio;  and unconsolidated sandstones in eastern Ohio;  and unconsolidated 
sand and gravel deposits in buried valley systems sand and gravel deposits in buried valley systems 
and outwash deposits associated with major river and outwash deposits associated with major river p jp j
systems in the state (Ohio River, Great Miami River + systems in the state (Ohio River, Great Miami River + 
its major tributaries [Stillwater, Twin Creek, Mad its major tributaries [Stillwater, Twin Creek, Mad 
River], Little Miami River, Scioto River, Muskingum River], Little Miami River, Scioto River, Muskingum ], , , g], , , g
River + its major tributaries [Licking and River + its major tributaries [Licking and 
Tuscarawas])Tuscarawas])





Ohio EPA’s Ambient Ohio EPA’s Ambient 
Groundwater NetworkGroundwater Network

Ohio EPA’s Ambient Groundwater Program has Ohio EPA’s Ambient Groundwater Program has gg
sampled naturallysampled naturally--occurring chemical constituents occurring chemical constituents 
in groundwater in select wells drilled into these in groundwater in select wells drilled into these 
various aquifers across the state, sampling them on various aquifers across the state, sampling them on q , p gq , p g
a regular basis for several decades.  They have a regular basis for several decades.  They have 
tabulated these results for each of the major aquifer tabulated these results for each of the major aquifer 
types identified in the state, establishing a range for types identified in the state, establishing a range for yp , g gyp , g g
each major chemical constituent, including each major chemical constituent, including 
minimum, mean, and maximum values for each minimum, mean, and maximum values for each 
chemical in each major aquifer type. chemical in each major aquifer type. j q ypj q yp



Review of Common Chemical Review of Common Chemical 
Constituents in Ohio Constituents in Ohio 

GroundwaterGroundwaterGroundwaterGroundwater
Constituents in Ohio Groundwater Constituents in Ohio Groundwater 

This presentation will review the occurrence, This presentation will review the occurrence, 
toxicology, health risk, and treatment options for a toxicology, health risk, and treatment options for a 
number of commonlynumber of commonly--occurring chemicaloccurring chemicalnumber of commonlynumber of commonly--occurring chemical occurring chemical 
constituents in Ohio groundwater.constituents in Ohio groundwater.

Metals: Arsenic Barium Iron Lead ManganeseMetals: Arsenic Barium Iron Lead ManganeseMetals:   Arsenic, Barium, Iron, Lead, Manganese, Metals:   Arsenic, Barium, Iron, Lead, Manganese, 
StrontiumStrontium

Others: Ammmonia Nitrate SulfatesOthers: Ammmonia Nitrate SulfatesOthers:   Ammmonia, Nitrate, Sulfates Others:   Ammmonia, Nitrate, Sulfates 



ArsenicArsenic



ArsenicArsenic

Common, naturallyCommon, naturally--occurring element in earth’s occurring element in earth’s , y, y gg
crust (20th most abundant element in crustal rocks)crust (20th most abundant element in crustal rocks)

Arsenic levels in US soils averages 5 ppmArsenic levels in US soils averages 5 ppmArsenic levels in US soils averages 5 ppmArsenic levels in US soils averages 5 ppm

Found in many geologic materials and a natural Found in many geologic materials and a natural 
constituent of most groundwatersconstituent of most groundwaters

Groundwater tends to contain more arsenic than Groundwater tends to contain more arsenic than 
surface water. surface water. 



Arsenic in Ohio groundwaterArsenic in Ohio groundwater
OEPA indicates Arsenic levels in groundwater aquifers in OEPA indicates Arsenic levels in groundwater aquifers in 
the state range from:the state range from:

Sandstone bedrock:  ND Sandstone bedrock:  ND –– 78 ppb; mean value = 3.13 78 ppb; mean value = 3.13 
ppbppb

Carbonate bedrock:  ND Carbonate bedrock:  ND ---- 30 ppb; mean value = 4.01 30 ppb; mean value = 4.01 
ppbppb

Sand & gravel:  ND Sand & gravel:  ND –– 102 ppb; mean value = 5.79 ppb102 ppb; mean value = 5.79 ppb

NOTE:NOTE: Highest levels of arsenic (> 100 ppb) detected in Highest levels of arsenic (> 100 ppb) detected in 
S & GS & Gdeep wells drilled into buried valley S & G deposits across deep wells drilled into buried valley S & G deposits across 

the state; with somewhat lower concentrations (12the state; with somewhat lower concentrations (12--35 ppb) 35 ppb) 
in sandstones in NE Ohio and in Silurian dolomites in in sandstones in NE Ohio and in Silurian dolomites in 
westwest--central Ohiocentral Ohio



Arsenic ToxicologyArsenic Toxicology
A known, human cancerA known, human cancer--causing substance causing substance 

(Carcinogen) health risks related to arsenic (Carcinogen) health risks related to arsenic 
exposure via drinking water wellexposure via drinking water well--documenteddocumentedexposure via drinking water wellexposure via drinking water well documented          documented          
in human epidemiological studies (Taiwan, in human epidemiological studies (Taiwan, 
Bangladesh, Eastern India, Argentina, Chile, Utah). Bangladesh, Eastern India, Argentina, Chile, Utah). 

Studies indicate a distinct doseStudies indicate a distinct dose--related response to related response to 
exposure to arsenic via drinking water and advent of exposure to arsenic via drinking water and advent of 
d h lth ff td h lth ff tadverse health effects adverse health effects 



Adverse Health EffectsAdverse Health Effects
Prolonged exposure (decade+) to                      Prolonged exposure (decade+) to                      
elevated levels of arsenic in drinking elevated levels of arsenic in drinking 
water (170+ ppbwater (170+ ppb 1 500 ppb):1 500 ppb):water (170+ ppb water (170+ ppb ---- 1,500 ppb):1,500 ppb):

AnemiaAnemia

Skin conditions (wartSkin conditions (wart--like corns or                  like corns or                  
keratoses + darkening of skinkeratoses + darkening of skin——
hyperhyper pigmentation)pigmentation)hyperhyper-- pigmentation)pigmentation)

Blackfoot’s Disease (lack of circulation to distal Blackfoot’s Disease (lack of circulation to distal 
extremities)extremities)extremities)extremities)

Human carcinogen:  increased incidence of skin and Human carcinogen:  increased incidence of skin and 
bladder cancerbladder cancerbladder cancerbladder cancer



Drinking Water StandardsDrinking Water Standards
U.S. EPA MCL for Arsenic recently (2006) lowered U.S. EPA MCL for Arsenic recently (2006) lowered 

to 10 ppb from 50 pbbto 10 ppb from 50 pbb

Based on conclusive evidence of carcinogenicity in Based on conclusive evidence of carcinogenicity in 
humanshumans

Increase in the number of public water systems outIncrease in the number of public water systems out--
ofof--compliance with regard to Arsenic compliance with regard to Arsenic –– requires requires 
special treatmentspecial treatmentspecial treatmentspecial treatment

No real world evidence of adverse health effects, No real world evidence of adverse health effects, 
cancer or noncancer or non--cancer in humans drinking water withcancer in humans drinking water withcancer or noncancer or non--cancer, in humans drinking water with cancer, in humans drinking water with 
arsenic levels 10arsenic levels 10--50 ppb50 ppb



Drinking Water Treatment Drinking Water Treatment 
SystemsSystems

ODH Private Water Systems section recommendsODH Private Water Systems section recommends
treatment of well water with arsenic levels in excess of treatment of well water with arsenic levels in excess of 
10 ppb or switching to an alternative safe water supply.  10 ppb or switching to an alternative safe water supply.  
Recommended systems to remove arsenic from wellRecommended systems to remove arsenic from wellRecommended systems to remove arsenic from well Recommended systems to remove arsenic from well 
water included:water included:

Coupled cation exchange/philox resin/anion Coupled cation exchange/philox resin/anion p g pp g p
exchange softener unitsexchange softener units

Activated alumina cartridgesActivated alumina cartridges

Reverse OsmosisReverse Osmosis

Advanced Adsorptive MediaAdvanced Adsorptive MediaAdvanced Adsorptive Media Advanced Adsorptive Media 



BariumBariumBarium Barium 

Barium is a silvery, very dense metal that occurs in Barium is a silvery, very dense metal that occurs in 
nature as compounds with carbonate and sulfatenature as compounds with carbonate and sulfatenature as compounds with carbonate and sulfatenature as compounds with carbonate and sulfate

Both compounds occur in lowBoth compounds occur in low--temp hydrothermal temp hydrothermal 
veins in carbonate host rocksveins in carbonate host rocksveins in carbonate host rocks veins in carbonate host rocks 

Concentrated in residual clay deposits from Concentrated in residual clay deposits from 
weathering of carbonate bedrockweathering of carbonate bedrockweathering of carbonate bedrockweathering of carbonate bedrock

Barium levels in US soils average 430 ppmBarium levels in US soils average 430 ppm

Both compounds have low solubilities in water, Both compounds have low solubilities in water, 
limiting their occurrence in groundwater supplieslimiting their occurrence in groundwater supplies



Barium in Ohio GroundwaterBarium in Ohio Groundwater
Sandstone bedrock:  ND Sandstone bedrock:  ND ---- 2,080 ppb;  mean value 2,080 ppb;  mean value 

= 154 ppb= 154 ppb

Carbonate bedrock:  ND Carbonate bedrock:  ND ---- 863 ppb;  mean value =    863 ppb;  mean value =    
72 ppb72 ppb

Sand & Gravel:  ND Sand & Gravel:  ND ---- 2,160 ppb;  mean value =  177 2,160 ppb;  mean value =  177 
ppbppbpppp



Barium ToxicologyBarium Toxicology
Health effects from ingestion of barium through Health effects from ingestion of barium through 

drinking water limited by lack of solubility of most drinking water limited by lack of solubility of most 
naturallynaturally--occurring bariumoccurring bariumyy gg

Documented health effects include mostly GDocumented health effects include mostly G--I I 
effects and at much higher levels, blood pressure, effects and at much higher levels, blood pressure, g , p ,g , p ,
respiratory, and CNS effectsrespiratory, and CNS effects

Not a human carcinogenNot a human carcinogengg



Drinking Water Standards & Drinking Water Standards & 
Water Treatment SystemsWater Treatment Systems

U S EPA MCL for Bari m = 2 000 ppbU S EPA MCL for Bari m = 2 000 ppbU.S. EPA MCL for Barium = 2,000 ppbU.S. EPA MCL for Barium = 2,000 ppb

Barium is removed from raw water by cationBarium is removed from raw water by cation--
exchange water softener systemexchange water softener system



IronIronIron Iron 

Iron is the most common metal in Earth’s crustIron is the most common metal in Earth’s crustIron is the most common metal in Earth’s crust Iron is the most common metal in Earth’s crust 

Solid metal in a variety of compounds: oxides, Solid metal in a variety of compounds: oxides, 
lfid ili blfid ili bsulfides, silicates, carbonates, etc.sulfides, silicates, carbonates, etc.

Ubiquitous in all geologic materials and as soluble Ubiquitous in all geologic materials and as soluble 
compounds in groundwater (insoluble oxides compounds in groundwater (insoluble oxides 
converted to soluble bicarbonate under low converted to soluble bicarbonate under low 
oxygen/high CO2 conditions at depth)oxygen/high CO2 conditions at depth)oxygen/high CO2 conditions at depth) oxygen/high CO2 conditions at depth) 

Often associated with other metals, i.e. manganese Often associated with other metals, i.e. manganese 
and arsenic in groundwaterand arsenic in groundwaterand arsenic, in groundwaterand arsenic, in groundwater



Iron in Ohio groundwaterIron in Ohio groundwater
Sandstone bedrock:  <50 Sandstone bedrock:  <50 –– 36,500 ppb; mean value 36,500 ppb; mean value 

= 1,617 ppb= 1,617 ppb

Carbonate bedrock:  <50 Carbonate bedrock:  <50 –– 96,700 ppb; mean value 96,700 ppb; mean value 
= 1,230 ppb= 1,230 ppb

Sand & Gravel:  20 Sand & Gravel:  20 –– 70,000 ppb; mean value = 70,000 ppb; mean value = 
1,424 ppb1,424 ppbpppp

Iron ToxicologyIron Toxicology
No known adverse health effects from ingestion of No known adverse health effects from ingestion of 

naturallynaturally--occurring iron via drinking water routeoccurring iron via drinking water route



Drinking Water StandardsDrinking Water Standards
No healthNo health based standardsbased standardsNo healthNo health--based standards based standards 

U.S. EPA SMCL (based on aesthetics: taste, color) = U.S. EPA SMCL (based on aesthetics: taste, color) = 
300 b300 b300 ppb300 ppb

Upon exposure to oxygen in the air, soluble Ferrous Upon exposure to oxygen in the air, soluble Ferrous 
converted to insoluble Ferric = water rusts converted to insoluble Ferric = water rusts ---- orange orange 
precipitate precipitate ---- “Red Water”“Red Water”

Drinking Water Treatment SystemsDrinking Water Treatment Systems
CationCation exchange Water Softener systemsexchange Water Softener systemsCationCation--exchange Water Softener systemsexchange Water Softener systems

AeratorsAerators

Chemical treatments (chemical oxidation)Chemical treatments (chemical oxidation)



Lead Lead 



LeadLeadLead Lead 

BluishBluish--gray metal found in limited amounts in gray metal found in limited amounts in 
crustal rockscrustal rocks

In Ohio, occurs as lead sulfide in isolated In Ohio, occurs as lead sulfide in isolated 
hydrothermal deposits in carbonates in western hydrothermal deposits in carbonates in western y py p
Ohio; trace element in coal deposits in E.  Ohio Ohio; trace element in coal deposits in E.  Ohio 
Levels 9 Levels 9 –– 39 ppm in Ohio agricultural soils; mean = 39 ppm in Ohio agricultural soils; mean = 
19 ppm19 ppm19 ppm19 ppm

NaturallyNaturally--occurring lead compounds are not very occurring lead compounds are not very 
l bl i t Ohi t ( H >7 0)l bl i t Ohi t ( H >7 0)soluble in most Ohio waters (pH >7.0)soluble in most Ohio waters (pH >7.0)



Lead in Ohio groundwaterLead in Ohio groundwater

Sandstone bedrock: ND Sandstone bedrock: ND –– 40 ppb; mean value = 2.4 40 ppb; mean value = 2.4 pp ;pp ;
ppbppb

Carbonate bedrock: NDCarbonate bedrock: ND ––167 ppb; mean value = 2 9167 ppb; mean value = 2 9Carbonate bedrock:  ND Carbonate bedrock:  ND ––167 ppb; mean value = 2.9 167 ppb; mean value = 2.9 
ppbppb

Sand & Gravel: NDSand & Gravel: ND 785 ppb; mean value = 4 3785 ppb; mean value = 4 3Sand & Gravel:  ND Sand & Gravel:  ND –– 785 ppb; mean value = 4.3 785 ppb; mean value = 4.3 
ppbppb



Adverse Health ImpactsAdverse Health Impacts
Exposure to high levels of lead via ingestion Exposure to high levels of lead via ingestion 

primarily impacts Central Nervous System (decrease primarily impacts Central Nervous System (decrease 
reaction time & memory, slow mental developmentreaction time & memory, slow mental developmentreaction time & memory, slow mental development reaction time & memory, slow mental development 
and lead to lower IQ in children, increase in and lead to lower IQ in children, increase in 
behavioral problems); hearing and sleep disordersbehavioral problems); hearing and sleep disorders

Kidney damageKidney damage

SSSevere nauseaSevere nausea

Reduced sperm production in males; increase in Reduced sperm production in males; increase in 
premature births & miscarriages in femalespremature births & miscarriages in females

Weak case for lead as a carcinogen Weak case for lead as a carcinogen –– through the through the gg gg
inhalation pathwayinhalation pathway



Drinking Water StandardsDrinking Water Standards
U.S. EPA has established  a Lead “Action Level” of 15 U.S. EPA has established  a Lead “Action Level” of 15 

ppb for public water suppliesppb for public water supplies

Drinking Water Treatment SystemsDrinking Water Treatment Systems
Bulk of the lead detected in private water systems in Bulk of the lead detected in private water systems in 

Ohio likely to result from leaching of lead solder from Ohio likely to result from leaching of lead solder from y gy g
the distribution system rather than from raw well waterthe distribution system rather than from raw well water

Removed from tap water via cation exchange softenerRemoved from tap water via cation exchange softenerRemoved from tap water via cation exchange softener Removed from tap water via cation exchange softener 
systemsystem

Reverse OsmosisReverse OsmosisReverse OsmosisReverse Osmosis



Manganese Manganese 



ManganeseManganeseManganese Manganese 

Silvery metallic element found in crustal rocks and Silvery metallic element found in crustal rocks and 
soils as compounds: oxides, carbonates, sulfates, soils as compounds: oxides, carbonates, sulfates, 
and silicatesand silicatesand silicatesand silicates

Ubiquitous in soils, groundwater, and foods; often Ubiquitous in soils, groundwater, and foods; often 
in association with ironin association with ironin association with ironin association with iron

Manganese Levels in US soils average 600 ppmManganese Levels in US soils average 600 ppm

Compounds more soluble than iron Compounds more soluble than iron ---- common common 
constituent of groundwater (same chemistry as iron constituent of groundwater (same chemistry as iron 
–– dissolves in presence of CO2 and low oxygen atdissolves in presence of CO2 and low oxygen atdissolves in presence of CO2 and low oxygen at dissolves in presence of CO2 and low oxygen at 
depth)depth)



Manganese in Ohio Manganese in Ohio 
d td tgroundwatergroundwater

Sandstone bedrock:  ND Sandstone bedrock:  ND –– 1,910 ppb;  mean value = 1,910 ppb;  mean value = , pp ;, pp ;
205 ppb  205 ppb  

Carbonate bedrock: NDCarbonate bedrock: ND ---- 300 ppb; mean value =300 ppb; mean value =Carbonate bedrock:  ND Carbonate bedrock:  ND ---- 300 ppb;  mean value =   300 ppb;  mean value =   
30 ppb30 ppb

Sand & Gravel: NDSand & Gravel: ND 10 880 ppb; mean value = 22610 880 ppb; mean value = 226Sand & Gravel:  ND Sand & Gravel:  ND ––10,880 ppb;  mean value = 226 10,880 ppb;  mean value = 226 
ppbppb



Adverse Health ImpactsAdverse Health Impacts
Essential nutrient for good health in humans (boneEssential nutrient for good health in humans (boneEssential nutrient for good health in humans (bone Essential nutrient for good health in humans (bone 

mineralization; protein formation, metabolic regulation)mineralization; protein formation, metabolic regulation)

Most manganese in body comes from foodMost manganese in body comes from foodMost manganese in body comes from foodMost manganese in body comes from food

LongLong--term exposure to very high levels of manganese term exposure to very high levels of manganese 
(>1 800 ppb) in drinking water may cause central(>1 800 ppb) in drinking water may cause central(>1,800 ppb) in drinking water may cause central (>1,800 ppb) in drinking water may cause central 
nervous system disorders in elderly (lack of muscular nervous system disorders in elderly (lack of muscular 
control, tremors)control, tremors)

Not a human carcinogenNot a human carcinogen



Drinking Water StandardsDrinking Water Standards
No HealthNo Health--based MCLbased MCL

Lifetime Health Advisory  = 300 ppbLifetime Health Advisory  = 300 ppby ppy pp

U.S. EPA SMCL (based on aesthetics: taste and U.S. EPA SMCL (based on aesthetics: taste and 
color) = 50 ppbcolor) = 50 ppbcolor) = 50 ppbcolor) = 50 ppb

Upon exposure to oxygen in                                               Upon exposure to oxygen in                                               
air soluble manganeseair soluble manganeseair, soluble manganese                                         air, soluble manganese                                         
bicarbonate (clear) converts                                            bicarbonate (clear) converts                                            
to manganese oxide to manganese oxide ---- black                                         black                                         
precipitate precipitate –– “Black Water”“Black Water”



Drinking Water Treatment Drinking Water Treatment 
SystemsSystemsSystemsSystems

CationCation--exchange water softener systemexchange water softener systemg yg y

Aerators Aerators 

Chemical treatments (chemical oxidation)Chemical treatments (chemical oxidation)



StrontiumStrontium

Minor constituent in minerals in crustal rocksMinor constituent in minerals in crustal rocks

Forming compounds with other chemicals, Forming compounds with other chemicals, 
including sulfate (celestite) and carbonate including sulfate (celestite) and carbonate 
( t ti it ) i il i b t k ith( t ti it ) i il i b t k ith(strontianite), primarily in carbonate rocks with (strontianite), primarily in carbonate rocks with 
gypsumgypsum

Both compounds are soluble in waterBoth compounds are soluble in waterBoth compounds are soluble in waterBoth compounds are soluble in water

Radioactive isotope  90 Sr  = fallout from nuclear Radioactive isotope  90 Sr  = fallout from nuclear 
explosions; reactorsexplosions; reactorsexplosions; reactorsexplosions; reactors



Strontium in Ohio groundwaterStrontium in Ohio groundwater
S d t b d k NDS d t b d k ND 7 480 b l7 480 b lSandstone bedrock:  ND Sandstone bedrock:  ND –– 7,480 ppb;  mean value =  7,480 ppb;  mean value =  

530 ppb530 ppb

Carbonate bedrock:  ND Carbonate bedrock:  ND –– 66,200 ppb;  mean value = 66,200 ppb;  mean value = 
17,870 ppb17,870 ppb

Sand & Gravel:  ND Sand & Gravel:  ND –– 30,800 ppb;  mean value =  30,800 ppb;  mean value =  
1 905 ppb1 905 ppb1,905 ppb 1,905 ppb 



Adverse Health ImpactsAdverse Health Impacts
I ti f l t f t ti l dI ti f l t f t ti l dIngestion of large amounts of strontium, coupled Ingestion of large amounts of strontium, coupled 

with a calciumwith a calcium--poor diet poor diet –– disrupt bone chemistry disrupt bone chemistry ––
“strontium rickets”    “strontium rickets”    

Radioactive  90Sr Radioactive  90Sr –– taken up by bone taken up by bone –– attacks attacks 
bone marrow & soft tissuesbone marrow & soft tissues –– anemia and leukemiaanemia and leukemiabone marrow & soft tissues bone marrow & soft tissues anemia and leukemia  anemia and leukemia  

NaturallyNaturally--occurring strontium is not a human occurring strontium is not a human 
carcinogencarcinogencarcinogencarcinogen

Radioactive 90Sr is a known                                Radioactive 90Sr is a known                                
h ih ihuman carcinogenhuman carcinogen



Drinking water standardsDrinking water standards
No healthNo health--based MCLbased MCL

Lifetime Health Advisory = 4 000 ppbLifetime Health Advisory = 4 000 ppbLifetime Health Advisory  = 4,000 ppbLifetime Health Advisory  = 4,000 ppb

Drinking Water Equivalent Level = 20,000 ppbDrinking Water Equivalent Level = 20,000 ppb

ATSDR Intermediate Exposure Guide  = 70,000 ppb ATSDR Intermediate Exposure Guide  = 70,000 ppb 
adults/20,000 ppbadults/20,000 ppb

Drinking Water Treatment SystemsDrinking Water Treatment Systems
CationCation--exchange water softener systemexchange water softener system

Reverse Osmosis Reverse Osmosis 



Questions:Questions:Questions:Questions:
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Ohio Department of HealthOhio Department of Health
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John Kollman, John Kollman, ToxicologistToxicologist

G St iG St i C it I l t/H lth Ed tiC it I l t/H lth Ed tiGreg Stein, Greg Stein, Community Involvement/Health EducationCommunity Involvement/Health Education

Laurie Billing,Laurie Billing, Epidemiologist Epidemiologist 

Ohio Department of HealthOhio Department of Healthpp
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246 N. High Street246 N. High Street
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Phone: (614) 466Phone: (614) 466--13901390
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