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RADIONUCLIDE HEALTH EFFECTS

Ionizing Radiation Damage = Long-term cancer risk
Tissue Retention Controls Dose (Time = Dose, Linear)

About 1in 20,000 risk
Cardnogens
Class"A" = Humans
Linear dose, No threshold

Uranium Radium
Bone cancer (50%) Bone Cancer (228>226>224)
Kidney toxicity (50%) Sinus Cancer (226)
Bone fracturing (224, 226)

Radivm-226 and radivm-228 combined . .. ... ... ... ... . ... 3 pCyL
Gross alpha-particle activity (including

radinm-226 but excluding uranium and

WEIONIL Lot s e M i 15 pCrL
Gross beta-particle activaty . . . ... ... .. ... 4 mullirems per year

Uranium 30ug/L



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

Circulatory disease: Hypertension
Adverse Reproductive Outcomes
Neuro-cognitive development effects
in children, fetuses

Respiratory and Immune System?

These 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-
occur?

2.Are there geological, hydrological, or
geochemical features at various scales that
are indicators of occurrence?

3. Are field parameters or gross
measurements (gross alpha) helpful?

4. Incorporate improvements in technology
in monitoring to gain under-

standing of occutirence %USGS

science for a changing world




TRACE ELEMENTS -- CONSIDER

1. THE SOURCES

Are there SPECIFIC geological features that
might indicate certain materials are likely the
source? Associated with potable water?

2. GEOCHEMISTRY

Solubility exiremely variable

3. HYDROLOGY

Controls solution residence time,
geochemical evolution, mineralization

a USGS

science for a changing world



U = Long half lived parent

Uranium-238
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Figure 1. Diagram showing uranium-238 and thorium-232 radioactive decay series. (Radionuclides
of interest in this study are shaded). [Times shown are half-lives: y, years; d, days; h, hours;
m, minutes; s, seconds] (From Hall and others, 1985)

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
A 4 v
Is Alpha-Particle Activity No | Is Alpha Particle Activity
> 5 pCi/L? B > 15 pCi/L?
No
Yes
\ 4 Yes
Measure Ra-226 A 4
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v and Uranium
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Is Gross Alpha-Particle Activity
v Yes No .
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Equivalent Uranium in ppm
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U 1n Wells sampled by NAWQA
1990-2004




Supply wells with high gross alpha in low radioactivity Coastal Plain




NJ Private
Well
Testing
Results for

Gross
Alpha

2,209 of the 22 904 Private Wells tested for
Gross Alpha failed to pass the Drinking
Water Standard.

That is 9,6% of the wells sampled

Geographic
Provinces

[:I Valley and Ridge
| Piedmont

[—] Coastal Plain

All wells tested
for Gross Alpha

N
Vm-?a- E
S
0 12,5 26 Miles
L Il 1
M. State Flane Projectian, NAD 1983

December 2007
Division of Science, Research, £ Technology

www.state.nj.us/dep/pwta



DEPTH OF WELL, IN FEET
BELOW LAND SURFACE
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Hypothetical Chemical Reactions by
which Hydrogen lons in Water Increase
Radium Mobility

»>  lon-exchange, desorption reactions:

2H* ) 2H

X

* Rais preferentially removed from solid.
[

Hydrogen 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 variable.
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RADIUM-226 PLUS RADIUM-228, PICOCURIES PER LIT!
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RADIUM-226, IN PICOCURIES PER LITER
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U and Ra have opposing trends
based on geochemistry (pH, DO, or iron)
in U rich aquifers (North NJ)
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Ra concentration i1s generally greatest in wells
in suboxic water (DO < 1 mg/L)
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COREHOLE C

W100.4—100.5 ft.

. s e Ganma U Ralf Fe SUBOXIC

e ... Ra, 4.1 pCi/L;
$FPS o Te, 0.3 mg/L;
" U< 0.4ug/L

OXIC

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

¢4 481 03

]

M N 0 O e s O
NEEREREEREER:

COUNTS PER SECOND

NJ Rock Borehole;
Geophysics and geochemistry; Szabo et




Ra distribution coefficients per g sorbent
(Ames et al., 1983)

m 275 pCi/L
W 2000 pCi/L
0 15000 pCi/L

FeOH3 Montmor Illite Kaol



Ra226 plus Ra228
. p Principle Aquifers
1n Well S 27| Glacial aquifer I. MNorthern Atlantic Coastal Plain aquifer system
Snake River Plain basaltic-rock aquifers Surﬁcial aquifer system
1 d b Basin and Range aquifers Floridan aquifer system
Samp e y Biscayne aquifer High Plains aquifer
.California Coastal Basin aquifers ‘New England-Adirondack crystalline aquifer
N AWQ A Cambrian-Ordovician aquifer systems Coaslal lowlands aquifer system
Central Valley aquifer system Mississippi embayment and Texas Coastal uplands aquifer system
.Columbia Plateau aquifer system Piedmont and Blue Ridge crystalline-rock aquifers
.Denver Basin aquifer system .Rio Grande aquifer system
.Edwards-Trinity aquifer system .Valley and Ridge carbonate-rock aquifers

. &

Draft
NAWQA
Data, 2005

EXPLANATION
Wells with Radium 226 and Radium 228 analyses

Sum of concentrations, picocuries/L

¢ <10
¢ 1.0-1.99
@ 20-499

e >=50




DISSOLVED OXYGEN, MILLIGRAMS PER LITEF
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Understand Gross Alphal

ALPHA-EMITTER
Ra-224 (3.6 days)

Pb-212 (10 hrs)
Rn progeny (variable)
Po-210 (100 days)

Ra-226 (1600 yrs)

U, Th 1sotopes (very long-
lived!)

NON-ALPHA

Ra-228 (beta); usually
equals Ra-224

Pb-210 (beta — no screen)
Rn (gas, not detected,
progeny?)

Most man-made nuclides
(beta, gamma)

e K-40 (beta “noise”
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Variable alpha and gamma energies for a single nuclide: the key to
gamma and alpha spectrometry — different energies can be detected
and quantified

0.2

0.1+

Figure 3.12 Decay scheme
diagram for the alpha decay
of %5 Th to %3Ra. In this
o Ground state - case, four different alpha
particles are emitted with
four complementary gamma
rays. (After Friedlander et al.
| | | 1964.)

88 90

ATOMIC NUMBER (2)

ENERGY, IN MILLION ELECTRON VOLTS (MeV)




ACTIVITY IN PCI/L

Il GROSS ALPHA
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Change in components of gross alpha-particle activity
through time, southern New Jersey



3.5

CONCENTRATION OF RADIUM-224 OR RADIUM-226
(PICOCURIES PER LITER)
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Western USA, 2004; draft NAWQA data; Szabo et al., in press.



Principle Aquifers
| Glacial aquifer _Norihern Atlantic Coastal Plain aquifer system

Gross Alpha in
Snake River Plain basaltic-rock aquifers Surﬁcial aquifer system
V\/ ells Samp led Basin and Range aquifers Floridan aquifer system

Biscayne aquifer High Plains aquifer

By N A‘ N ] Q A [ california Coastal Basin aquifers New England-Adirondack crystalline aquifer

Cambrian-Ordovician aquifer systems Coaslal lowlands aquifer system

Central Valley acuifer system Mississippi embayment and Texas Coastal uplands aquifer system
.Columbla Plateau aquifer system Piedmont and Blue Ridge crystalline-rock aquifers
.Denver Basin aquifer system .Rio Grande aquifer system

.Edwards-Triniry aquifer system .Valley and Ridge carbonate-rock aquifers

EXPLANATION

Wells with Gross Alpha analysis
(30-day holding time)
Concentration, picocuries/L

¢ <=30

©o Draft NAWQA

©  7.01-15.0

o 15 data, 2005




U = Northeast USA bedrock
Western USA
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Figure 1. Diagram showing uranium-238 and thorium-232 radioactive decay series. (Radionuclides
of interest in this study are shaded). [Times shown are half-lives: y, years; d, days; h, hours;

m, minutes; s, seconds] (From Hall and others, 1985)

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



88.2%
Passed

® Failed for Arsenic at 5 ug/|

Those counties sampled for arsenic
contamination are outlined in blue.

1,445 Private Wells, of the 12,263
wells analyzed for arsenic using sensitive
analytical methods, failed to pass the

State Drinking Water Standard of 5 ug/l
Thatis 11.8% of the 12,263 wells sampled ~ : AN |
and appropnately analyzed — : .

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



URANIUM, TOTAL, MICROGRAMS PER LITER

ARSENIC, MICROGRAMS PER LITER

& Uranium M Arsenic
n : .
North NJ U(VI) & Arsenic(V) sorption
or o
decreases sharply about pH 8;
g Mobile 1n alkaline oxidizing
? g environments
& T 1207t — T
I ]
3 New Mexico ¢ ]
’ ® o W 400 L ]
y 2 100 | R ]
, oonm = . ® Northwestern zone ]
fl o & - & West-Central zone 1
C - L . 1 - > 80F }
5%5 6 6.5 T 75 8 %ﬁg : :
oH 3 = * .
= i 1
30 . 60 _
DELAWARE RIVER BASIN 5 : * :
2 ! . ]
25 E L * ¢ ]
g ’ AN ]
20 (2) - % & . * |
8 : o o ° oo F R * I
15 . £ 20 - " ~. . i . * o 1
= @
L [ e ¢ h. & : ]
m | RS AR
& - y=05001x +1.0139 0 L I 1 I | i 1 1 1 | i I I I | 1 1 1 I |
7.0 75 8.0 8.5 9.0
pH, IN STANDARD UNITS

URANIUM, MICROGRAMS PER LITER

0
on



CONCENTRATION, FIELD PRESERVATION, MICROGRAMS PER LITER

North NJ ground water, Arsenic species, mostly As(V)
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m Al
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-_.Illll
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WELL NUMBER



5 Concentration of arsenic

A At least 50 ug/L
A 10-50

Pueto %‘f?""

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



1. Arsenic thermodynamic data and environmental geochemistry
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ARSENIC, MICROGRAMS PER LITER
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Arsenic species in water at different
depths, LM-8

Arsenic species
distribution, Lake M, NJ.

(Barringer, Szabo, and others, in
press)

M Arsenite
O Arsenate

Arsenic species in water at different depths,
LM-5
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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 layer

is ~ 1 m thick there and 1s reducing.
(Barringer, Szabo, and others, in press)

Changes in DO concentration with depth, . .
Lake Mohawk, LM-5 Changes in pH wﬂthje:th, Lake Mohawk,
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Arsenic species vs. ORP and alkalinity,
Ground water, Texas Gulf Coastal aquifer

‘ ¢ AsV dominant m Aslll dominant ‘
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Oden et al., 2008



Residence time and mineralization (salinity) can
be indicative of elevated trace element concentrations
provided geochemistry allows for dissolution

Arsenic Concentrations and Related Factors in the Glacial Aquifer System
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IMPLICATIONS: Treatment and
Distribution

 Consider geochemistry for treatment and
distribution systems as well.

e Arsenic speciation affects treatability.

e Ra-224 can occur and perhaps other short-lived
isofopes can be present.

 Monitoring fate of radionuclides may be
important for treatment and distribution systems.



EXPLANATION

1 RAW, well head sample H g;%ggsnﬁr%ﬁgp‘gtgfd
3 POE, point of entry Rn-220
EEE DIST, distribution system sample D Detectable Rn-220

50

40

30

20

10

VP U P U P R L T
i i L e e et i e i

GROSS-ALPHA PARTICLE ACTIVITY,
IN PICOCURIES PER LITER

050125 230569 151364 200626 230400
12
%" L 2]
o
= w 10~ =
= &=
£= 0 ]
=X s =
L 5
& == - 1
&w e -
S I
8 4l
N O
=9 -
55
o= 2
== I
(o]
050125 230569 151364 200626 230490
40
E [ H ]
= r ]
SE 1
e 29 ]
a0 L i
W= 05 L 1
Coo 3 1
o O w 20_'— -
o = w L ]
S [ i
B33 r ]
=fao 10 D
No L ]
% o L 1
w= 40 D D D J
= I ]

050125 230569 151364 290626 230490
WELL NUMBER

Figure 4. Comparison of radioactivity in raw, point-of-entry, and
distribution system samples from selected wells, withdrawing
water from the Potomac-Raritan-Magothy aquifer system,

New Jersevy. 2000.




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

COLNTS

e Thoron-220 detected

High Resolution Alpha Energy Spectrum

: =F.'n:| ness radon

150 P

150 =P thamr
-

13K =0 old radon

e
i
[

8 2 8

E' PR - P S (e T Y An I ----- bl l|h|l|l\.- Al
2 G| 4 3 5] 7 & 3
Mey



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

Vel 5
+ Extractor
A Aerator

10 15
COUNTING TIME, INCREMENTAL, IN MINUTES




IMPLICATIONS

e Additional active monitoring is needed to better
vnderstand radionuclide and As occurrences

 Consider geology, hydrology, geochemistry.

e Arsenic speciation allows for mobility in many
environments.

e Ra-224 can occur and other shori-lived isotopes
can be present.

 Conventional monitoring inadequate for :
— Ra-224 (gross-alpha screen)
— Pb-212 (gross-alpha screen)
— Po isotopes (gross-alpha screen)
— U isotopes (gross alpha-screen)



IMPLICATIONS: INNOVATIVE
TECHNOLOGY

 Understanding Arsenic speciation allows
predicting mobility in many environments.

e Ra-224 and shori-lived isotopes can be detected
by alpha- or gamma-speciroscopy

* Field portable alpha specirometry is useful for
radionuclides. Voltameiry may allow Arsenic
determination in the field

* Additional monitoring needs are better
measurements of redox in field

e Gross alpha monitoring needs holding times

 Improved methods needed for:
— Pb-212, Pb-210, Po isotopes, U isotopes
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SUMMARY

1. U & As occur in concentrations of concern especially in
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
oxidizing regions, indicating geochemical control &
prevelance of As(V)

4. Exclusionary occurrence of U & As in Midwest, Northeast
indicates prevalance of As(lll) in those regions

5. Characterization of pH, DO, SC, gross alpha, and other
master geochemical variables is warranted!
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