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Source vs. Geochemistry,

Source

s Localized human action

s Highr coneentration) Iocalized contaminant source
s Define and remoyve contaminant SeUKCE

Geochemistry,
s Often unrelated ter human: activity,

s \Widespread presemnce, ofiten norhigh concentration
contaminant Source

s Understand and aveid geochemicall conditions) that:
mobilize contaminant




Arsenic Occurrence

Arsenic naturally in rock and' sediment at
1 te 100s ma/kg

Crustall average s 1.8 mg/kg

At 1.8 'mg/kg, solubilization: of 0:09%
vields 10 ug/It arsenic in Water:

Certain’ geochemicall conditions moebilize
arsenic into greund water

Previous study proposed link between Des
Moines lobe till and elevated arsenic



Arsenic Release

f = (As,q * N)/(M*D*(1-n)*1000)
f=0.09% (1.62 ug/Kg)

I = firaction of arsenic released

DI = specific gravity (e.g. 2.6 g/cm?>)

n = porosity (e.g. 0.3)

Mi = sediment arsenic concentration (e.g. 1.8 mg/kg)
As,, = agueous arsenic concentration (e.g. 10'ug/l)



ArSenic Species

Arsenate (As V = H,AsO,, HASO,?)

a Oxidized fiorm
a AdSerbs te Various metal oxides

Arsenite; (As L1 =y 15-AS0x)

x Reduced fiorm
x AdSerbs to Iren oxides



Arsenic Speciation

Description

Reaction

As(V)/As(III)
Couples

H,ASO, + H,0 = HASO " —4H* + 2¢”
H,ASO, + H,0=H,AsO; —3H" + 2¢"

As(III)
Dissociation

H,ASO, = H,AsO; + H"

As(V)
Dissociation

H,AsO, = H,AsO, + H*
H,AsO; = HASO? + H*
HASO? = ASO} + H*




ArSenic Speciation

pe-pH Diagram

H,AsO, HAsO,*

/7

{1 H3AsO, + H,0=H,AsO, —-3H" +2¢"

As(V)
As(V)

H,ASO, + H,0 = HASO? —4H" + 2¢

As(I1T)
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Reductive Arsenic Release
Mechanisms

Reductive Desorption
(As V = As lll Reduction)

Fe(OH), AsO,*>

Red

AsO;*(aq)

Reductive Dissolution
(Fe Ill = Fe Il Reduction)

Fe(OH), AsO,*>

Red

e
+

AsO;*(aq)



Potential Upper Miadwest
Arsenic, Mobilization Mechanisms

Reductive Desorption
Reductive Dissolution

Anion Competition

Mineral Oxidation: (often| pyrite)
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Generalized Geologic Setting

IHeterogeneous) glaciall sediments overlying bedrock
llate Wisconsinan (16,000 te 12,000/ years ago)

INorthwest provenance Late Wisconsinan: till

a Distinet pebble composition — mMUch carbonate and shale
P Cifz)Y

s [Large fraction o fine-grained material

Northeast provenance; l.ate Wisconsinan; till

s Distinctly different pebble composition— basalt, red
SanAStone; agates

= Red
= Larger fraction of sand



Generalized Geologic Setting

Northwest provenance drift

Minnesota

North Dakota

I Northeast

Driftless ) provenance
area drift

No preserved
drift
South Dakota

200 Kilom eters
S —

N

Upper Midwest, USA A

Older glacial drift
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Regional Statistics

Count %% Exceeding
Groeup Count Exceeding 10 ug/l As
10" ugy/irAs <
Inside; footprint /7,101 1,690 23.8%
Outside foetprint | 4,333 186 4.3%




Inside Footprint Statistics

Well Type Count DIZISt(:]ia(lpn) %1I(E)xucge/|ei\igg
Glaciall Drifit 4,275 29 30:9%
Bedrock 1,174 106 7.0%
Unknewn 1,652 16 1. 1%




Inside Footprint Statistics

\Wellpe Count Deptr(lmlR;ange (i/z)vl:/gelllliz
132 800 - 186 1°5%
Bedrock 263 185 -1 92 3.8%
131 O 22.0%
(20 157 - 65 3.5%
Glacial D 236 GA= 28 270.0%;
118 28 - 7 7.4%

a All'but 4 of these wells are more than 30 m deep.




Spatial Correlation

o
o)
K

S
©
>
§e)
@
>

50,000 100,000 150,000 200,000 250,000 300,000

Lag Distance



Arsenic in Minneseta Sediment

NortAwest provenance sediment nas
2101 26 ma/kgl arsenic

Northeast prevenance sediment has
1 te 17 mg/kg arsenic

AS| N sediment not correlated to As
N Water



High-As Sediment # High-As Water
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| abile Arsenic is Crucial

At 1.8'mg/kg As, solubilizing| 0.09% Yields
10 ug/Lt As

Totalfsediment As concentration noet: key,
Factor

Adsoerbed/coprecipitated As labile
Measured 0.4 - 0.8 mgj/kg labjle As

Solubilizing 0:21% te 0.41% of measured
labile sediment: As yields 10/ ug/l As



Tlotal Arsenic = Agueous; Arsenic

a1
o

y = 0.9915x
R? = 0.9987
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Predominantly: Reduced Arsenic

©=50% As IlI
O =100% As Il




Upper Midwest: Arsenic Occurrence
SUummary.

INorthwest provenance sediment: =
elevated As

long-distance spatialicorrelation

Elevated sediment As # elevated
water As

lLabile As present

As [IT dominant, aquifers moderately.
reduced



Well Characteristics

PAWS\ells Other Wells Excluding MARS
Y%, > V%, > V%, >
oLl 10 ug/l'As Zount 10'ug/l As woun 10 ug/irAs

1,764 | 12.0% |5,337| 27./% |4,511| 23.2%




As and Well Characteristics

Typical domestic Typical public water
well » system well
Confining
Unit
Interface

Aquifer




As and Well Characteristics

7 Avg As | Y0 AS | Avg Fe
[Description (ua/l) > 10 (ua/l) Count

Screen| < 8ifeet long

2 2,484 224
Clay < 4 feet away . 2 A
Screen > 8 feet long 1 40 1 660 71
Clay > 4. feet away ;
Screen sand! or clay. 18 53 2,117 /54
Screen gravel 13 41 1,836 56




Welll Characteristics
Summary. and Conclusions

PWWSiand demestic Wells have: distinetly:
different welll construction characteristics

PWS well construction: coincidentally: vields
|OWer arsenic

s Coarser aquifers

s Larger aguifers

» LONGEr Sereens

Reductive arsenic mobilization mechanisms
active at: the till-aguifer interface



Results and Conclusions

Northawest provenance Late Wisconsinan
drift causes widespread elevatediarsenic in
ground water

IHIGh-arsenic sediment /1oL Hecessary,

Large; areal data setsrnecessary toridemtiiy,
iegionall envirenmentall proplems

Welllcharacteristics Influence arsenic
COncentration

Randem and! systematic temporall arsenic
concentration Variability: observed



Steps for Successfiul GSI

FocUs on geochemistry, net “source”
Geochemistry: off contaminant

Geochemical Interactions between
contaminant and other constitlents

Geochemical Intéeractions: between
contaminant and Its environment
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