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RADIONUCLIDE HEALTH EFFECTS
Ionizing Radiation Damage Long term cancer riskIonizing Radiation Damage = Long-term cancer risk

Tissue Retention Controls Dose (Time = Dose, Linear) 

About 1 in 20,000 risk
Carcinogens

Class "A" = Humans
Linear dose Nothreshold

Uranium Radium Radon

Linear dose, No threshold

Bone cancer (50%)
Kidney toxicity (50%)

Bone Cancer (228>226>224)
Sinus Cancer (226)

Bone fracturing (224, 226)

Lung cancer (>80%)
Stomach cancer (<20%)

MCLsMCLs
Uranium                                                30ug/L



Arsenic Health Effects
Carcinogen: Lung Bladder SkinCarcinogen: Lung, Bladder, Skin
Rates: 11-72 excess per 10,000
Chen et al (1992), Taiwan study
B l d h l l tBangladash: large cancer cluster

Circulatory disease: Hypertension
Adverse Reproductive Outcomes
Neuro-cognitive development effects 
in children fetusesin children, fetuses
Respiratory and Immune System?

Th lif ti i k l l hi hThese lifetime risk levels are high 
enough that those at risk could 
fill NFL Stadiums on a given Sunday
MCL = 10 ug/L



OBJECTIVES
1 Where do U  Ra  As occur? Do they co-1.Where do U, Ra, As occur? Do they co
occur? 
2 Are there geological  hydrological  or 2.Are there geological, hydrological, or 
geochemical  features at various scales that 
are indicators of occurrence?are indicators of occurrence?
3. Are field parameters or gross 
measurements (gross alpha) helpful?  measurements (gross alpha) helpful?  
4. Incorporate improvements in technology
in monitoring to gain under-in monitoring to gain under
standing of occutrrence



TRACE ELEMENTS -- CONSIDER 
1. THE SOURCES1. THE SOURCES
Are there SPECIFIC geological features that 
might indicate certain materials are likely the might indicate certain materials are likely the 
source? Associated with potable water? 
2  GEOCHEMISTRY2. GEOCHEMISTRY
Solubility extremely variable
3  HYDROLOGY3. HYDROLOGY
Controls solution residence time, 
geochemical evolution  mineralizationgeochemical evolution, mineralization



U = Long half lived parent

Research:Research:
Geochemistry?

Gross alpha = many individual isotope contributions!



USEPA Radionuclide Monitoring till 2000 – since 
2000, at least one measurement of each is required

Measure Gross 

Alpha-Particle

Activity

Is Alpha-Particle Activity 

> 5 pCi/L?
Is Alpha Particle Activity 

> 15 pCi/L?
No

Yes

No

Measure Ra-226

Is Ra-226 

Measure Radon 

and  Uranium 

No

Yes Yes

>  3 pCi/L?

Measure Ra-228

Is Gross Alpha-Particle Activity

Minus

Activity due to Radon and UraniumCompliance

Yes No

Is Ra-226 +  Ra-228

> 5 pCi/L? 

> 15 pCi/L?

Non-Compliance

Yes

No Yes

Yes



Areao-radiometry map of surficial gamma radiation; NURE program;



U in Wells sampled by NAWQA
1990 20041990-2004 

Draft



Supply wells with high gross alpha in low radioactivity Coastal Plain



NJ P iNJ Private
Well
Testingg
Results for 
Gross 
AlphaAlpha

www.state.nj.us/dep/pwta



Szabo and
dePaul, 1998



Hypothetical Chemical Reactions by 
which Hydrogen Ions in Water Increasewhich Hydrogen Ions in Water Increase 

Radium Mobility

Ion-exchange, desorption reactions:

2H+ + Rax Ra+2 + 2Hx

• Ra is preferentially removed from solid.• Hydrogen ion is a master variable that exerts significant controlHydrogen ion is a master variable that exerts significant control 
over these reactions, preferentially removes Ra from solids even 
more so than high concentrations of other cations• Geochemistry is critical controlling variableGeochemistry is critical controlling variable.



Radium is most likely to be in solution in acidic waters 

5 pCi/L MCL

2 pCi/L

NAWQA 1990-2004;
Szabo et al., in press



U and Ra have opposing trends
based on geochemistry (pH DO or iron)based on geochemistry (pH, DO, or iron) 
in U rich aquifers (North NJ)

Szabo et al., 1991



Ra concentration is generally greatest in wells 
in suboxic water (DO < 1 mg/L) 

5 pCi/L MCLp

2 pCi/Lp

Szabo et al., in pressNAWQA 1990-2004



SUBOXIC 
Ra, 4.1 pCi/L; , p ;
Fe, 0.3 mg/L;        
U< 0.4ug/L

OXIC 
U, 2.1 ug/L;
Ra <0.6 pCi/L; 
Fe <0.1 mg/L       

NJ Rock Borehole;  
Geophysics and geochemistry; Szabo et al., 1997



Ra distribution coefficients per g sorbentRa distribution coefficients per g sorbent 
(Ames et al., 1983)
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Ra226 plus Ra228
in wells
sampled by
NAWQA

Draft
NAWQA 
D t 2005Data, 2005



Draft NAWQA Combined Ra Data, 1990-2005. Detected Ra values, about 400 of 
1200 samples. Solid, > 5 pCi/L; open, 1-5 pCi/L. ND mostly cluster in upper right.



Understand Gross Alpha!
• ALPHA-EMITTER
• Ra-224 (3.6 days)

• NON-ALPHA
• Ra-228 (beta); usually 

l R 224
• Pb-212 (10 hrs)
• Rn progeny (variable)

equals Ra-224

• Pb 210 (beta no screen)p g y ( )
• Po-210 (100 days)

226 (1600 )

• Pb-210 (beta – no screen)
• Rn (gas, not detected, 

progeny?)
• Ra-226 (1600 yrs)

• U Th isotopes (very long-

• Most man-made nuclides 
(beta, gamma)
K 40 (b t “ i ”)U, Th isotopes (very long

lived!) • K-40 (beta “noise”)





Variable alpha and gamma energies for a single nuclide: the key to
gamma and alpha spectrometry – different energies can be detected
and quantified





Solid, detected
Open, estimated

Western USA, 2004; draft NAWQA data; Szabo et al., in press. 



Gross Alpha in
Wells sampled
By NAWQA

Draft NAWQA
data, 2005



U = Northeast USA bedrock
Western USA

Ra=
Coastal 
Plain;Plain; 
Midwest

Radon and progeny
Need research

Gross alpha = may be one or many individual isotope contributions!



www.state.nj.us/dep/pwtaNJ Private Well Testing for  Arsenic



U(VI) & Arsenic(V) sorption 
decreases sharply about pH 8;

North NJ
dec e ses s p y bou p ;
Mobile in alkaline oxidizing 
environments



North NJ ground water, Arsenic species, mostly As(V)



[http://water.usgs.gov/nawqa/trace/arsenic] 
Focazio et al., 2006





Alkaline Oxidizing
Environments
Asssume As = As(V)
Assume U =U(VI) 
Assume Ra is sorbedAssume Ra is sorbed

(draft NAWQA data)

Broad U & AsBroad U & As 
Concurrence



EXCLUSIONARY 
U & AU & As occurrence 
at all but the lowest
concentrations

ReducingReducing
Environments
As = As(III)

(draft NAWQA data)



Arsenic species 
Arsenic species in water at different 

depths, LM-8

distribution, Lake M, NJ.
(Barringer, Szabo, and others, in 

press) 50
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At site LM-5 at the deepest part of Lake M, decrease in 
DO and pH was abrupt The organic rich sediment layerDO and pH was abrupt. The organic-rich sediment layer 
is ~ 1 m thick there and is reducing. 
(Barringer, Szabo, and others, in press)

Changes in DO concentration with depth, 
Lake Mohawk, LM-5 Changes in pH with depth, Lake Mohawk, 

LM-5
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Arsenic species vs. ORP and alkalinity, 
Ground water Texas Gulf Coastal aquiferGround water, Texas Gulf Coastal aquifer 
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Residence time and mineralization (salinity) can( y)
be indicative of elevated trace element concentrations 

provided geochemistry allows for dissolution

Thomas, 2007



IMPLICATIONS: Treatment and IMPLICATIONS: Treatment and 
Distribution
• Consider geochemistry for treatment and 

di t ib ti  t   lldistribution systems as well.
• Arsenic speciation affects treatability. 
• Ra-224 can occur and perhaps other short-lived 

isotopes can be present.  
M it i  f t  f di lid  b  • Monitoring fate of radionuclides may be 
important for treatment and distribution systems.



Ra-224 data,
Alpha radioactivity,
andand 
Short-lived
Progeny
in various portionsin various portions 
of the 
water supply
delivery
System.
What are theirWhat are their 
Sources?



Field Portable Alpha Spectrometer – different energies of the various 
radon progeny can be detected and quantified. A useful screen in 
the distribution systemthe distribution system.

• Thoron-220 detected



Field study completed in a matter of hours, southern NJ air-stripping tower



IMPLICATIONS
• Additional active monitoring is needed to better 

understand radionuclide and As occurrencesunderstand radionuclide and As occurrences
• Consider geology, hydrology, geochemistry.
• Arsenic speciation allows for mobility in many Arsenic speciation allows for mobility in many 

environments.
• Ra-224 can occur and other short-lived isotopes Ra 224 can occur and other short lived isotopes 

can be present.  
• Conventional monitoring inadequate for :g q

– Ra-224 (gross-alpha screen)
– Pb-212 (gross-alpha screen)
– Po isotopes (gross-alpha screen)
– U isotopes (gross alpha-screen)



IMPLICATIONS: INNOVATIVE 
TECHNOLOGYTECHNOLOGY
• Understanding Arsenic speciation allows 

predicting mobility in many environments.predicting mobility in many environments.
• Ra-224 and short-lived isotopes can be detected 

by  alpha- or gamma-spectroscopy y p g p py
• Field portable alpha spectrometry is useful for 

radionuclides. Voltametry may allow Arsenic 
determination in the field

• Additional monitoring needs are better 
measurements of redox in field 

• Gross alpha monitoring needs holding times 
• Improved methods needed for:
– Pb-212 , Pb-210, Po isotopes, U isotopes



[http://water.usgs.gov/nawqa/trace/arsenic][http://pubs.er.usgs.gov/pubs/] 
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SUMMARYSUMMARY
1. U & As occur in concentrations of concern especially in 
the alakline western third of the USA  also in the Midwest and the alakline western third of the USA, also in the Midwest and 
Northeast
2. Ra occurrs primarily in sandstone and sand aquifers 
usually in acidic regions of the Coastal Plain and reducing 
areas in the Central USA
3. Co-occurrence of U and As is greatest in alkaline 3 C U g
oxidizing regions, indicating geochemical control & 
prevelance of As(V) 
4  Exclusionary occurrence of U & As in Midwest  Northeast 4. Exclusionary occurrence of U & As in Midwest, Northeast 
indicates prevalance of As(III) in those regions
5. Characterization of pH, DO, SC, gross alpha, and other 
master geochemical variables is warranted!




