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Presentation Summary  
• Occurrence of Radium (Ra), parent Uranium (U), and 

progeny Radon (Rn), are different because of differences 
in geology and geochemistry. 

• Update of ongoing northern New Jersey fractured 
crystalline and sedimentary bedrock studies 

• Comparison among radionuclides   
• Comparison with  gross alpha 
• Regional Implications: NAWQA national occurrence 

study findings specific to the Northeastern USA   
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•Gundersen and Szabo, 1995 

•Equivalent Uranium in surficial materials  



•Gross alpha = many individual isotope contributions! 
 

Radionuclide Decay Series     
 •Uranium 238 •Thorium 232 

•Radium-226 

•Ra-224 

•Radon-222 

•Radium-
228 •Rn-220 

•Decay type 

•Polonium-210 

•Lead-210 

•Lead-212 



NJ PWTA Gross Alpha Exceedances 
(data up to 4/19/2010) 

Province Exceedance 

Coastal Plain 10.7% 

Piedmont* 3.8% 

Highland* 2.5% 

•Range – ND to 481 pCi/l •*potential exceedance 



Private Well Test Program’s Gross Alpha Requirement – 
Additional Counties in Northern New Jersey for Testing 
 

•What if anything can be recommended to homeowners in Northern  
New Jersey who have high gross alpha activity in their well water? 



•Fig. 1 

•Highest U is found in western part of NJ Highlands (more alkaline) 



Both Uranium and Arsenic highest in the 
most alkaline waters in the NJ Highlands 

 

•Fig. 6 



 



•Fig. 8 

•NJ Crystalline rock: weak correlation 



 

•Fig. 3 



NJ Crystalline rocks: Ra in anoxic water 

 

•Fig. 4 
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•To better characterize  
U & Ra mixtures in  
lower DO waters 
•Compare results among  
New Jersey Piedmont  
(black shale) and  
Highlands Provinces  
(gneiss, granite)   

Follow-up 



Both Uranium and Arsenic highest in the 
most alkaline waters in the NJ Piedmont 

 

•Fig. 6 



Both Uranium and Arsenic highest in the 
most alkaline waters in the NJ Piedmont 

 

•Fig. 6 



•Fig. 8 

•NJ Piedmont rock: no correlation 



 

•Fig. 3 



NJ Piedmont rocks: Ra in anoxic water 

 

•Fig. 4 



•Northern NJ 

•U-234 isotope always in excess increasing gross alpha activity 
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Excess U-234 accounts for GrossAlpha 
where U is dominant.  Ra is locally an 
important issue in anoxic waters.  It is 
difficult to accounting for Ra-226 and 
U-234 in those waters without detailed 
testing. 
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Treatment Options 

• Radium – Cation Exchange Resin (Water 
Softener, whole house) or Reverse Osmosis 
(RO, kitchen tap only) 
 

• Uranium – Anionic Exchange Resin or Reverse 
Osmosis (RO) 

• Arsenic – Granular Ferric Oxide (GFO) most 
preferred 



•Uranium was generally not  
removed by “typical” home 
owner  
treatment systems.  
•Radium was decreased or  
removed by softeners 
•If uranium contributed to alpha  
as well, gross alpha was not  
Minimized 
If excess U-234 was high, even 
the U mass test could not  
provide a readily 
apparent treatment plan 



NAWQA National Exceedances 
(data up to 2005) 

Compound Exceedance 

Uranium 1.7% 

Radium 3.2% 

Radon* 60 or 6% 

•All organics < 1% 
•*potential exceedance: proposed standards:  
•300 or 4000 pCi/L 



•   

26 Highest Ra concentrations are east of the High Plains 



Ra and Dissolved Oxygen (National) 

Near hyperbolic relation of combined Ra with Dissolved Oxygen 
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•Crystalline rocks in Piedmont have highest radon 
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•Felsic igneous rocks in Piedmont have highest radon among 
Crystalline rocks 
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•Geologic 
potential 
useful for  
highlighting 
regions  
most likely to have  
highest  radon 



North NJ: Occurrence, Implications 
• Sites where water was at or near saturation with DO (> 8 

mg/L), U was nearly all the gross alpha-particle activity 
• Sites where water was not near saturation with DO (< 8 

mg/L), U were still abundant, but concentrations of Ra-226 
were also detected . Where DO < 1 mg/L, Ra is occasionally 
present in high concentrations. 

• Implications for gross alpha – must know isotopic composition 
and sample geochemistry! 

• U and As were higher more frequently in alkaline water with 
pH > about 7.4 than in less alkaline water – these were more 
common in metamorphic than granitic rock and in mudstone 

• Anion exchange removed U/ Cation exchange removed Ra  
• Limited guidance is possible for home owners on the basis of 

DO and to lesser extent pH and rock type 



REGIONAL CONCLUSIONS  

1. Occurrence of Radon > 4000 pCi/L in water from bedrock 
aquifers in New England, New Jersey,and Appalachians 
is among the highest in the Nation.  

2. The highest concentrations of uranium in New England, 
New Jersey,and Appalachians aquifers were associated 
with oxic alkaline water from crystalline bedrock, and the 
occurrence frequency above the MCL is among the 
higher frequencies for any region in the United States.  

3. Despite high uranium content in bedrock elsewhere in 
the Eastern USA, Uranium concentration in water 
correlates with that of radon in water strongly only in New 
England, only weakly in Piedmont, and in NJ crystalline 
rock aquifers.  

4. Ra occurrence in New England greater than 2 pCi/L is 
more likely in acidic conditions in glacial aquifers and in 
reducing conditions in bedrock aquifers.  
 



Most Important! 

• Effectiveness of sampling: Inexpensive uranium mass 
analysis along with gross alpha-particle activity and 
pH would provide useful information for many, but 
not all, homeowners with regards to drinking-water 
radionuclide concerns. 

• Piedmont treatment issues: Elevated radium-226 and 
excess uranium-234 and gross alpha-particle activity 
may need multiple types of remediation treatment, 
including combined cation exchange and anion 
exchange treatment. 
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