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Motivation

International Public Health
US Drinking Water Standards

Prevalence at US Superfund Sites
and Landfills

— Arsenic is the 2" most common
contaminant of concern, after lead.

— Approximately 35% of US Superfund
sites where As is a contaminant of
concern involve landfills



Arsenic Geochemistry:
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Arsenic Geochemistry:
Reduction Mobilizes As
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Causes of Arsenic
Contamination at Old Landfills

Natural:

— Arsenic in solid phase released to waters (high
background)

Anthropogenic:

— Human activities release As and contaminate soil and
groundwater

Anthropogenically induced mobilization of

naturally-occurring-Arsenic:

— Changes to groundwater chemistry allow natural
As to be released from sediment to groundwater
(coupling of Fe and As)

Combination of above



Leachate induced As, Fe, Mn mobilization from aquifer solids



Distance above Sea Level [m]
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o Al Turi Landfill- 129 Acres
* Sections range from unlined (older) to single layer, to modern double lining

* Leachate well characterized
* Monitoring wells in overburden (below waste)

11

Example of
Redox
Zonation

Arsenic increases
downgradient
from maximum
leachate conc.

NYSDEC, unpublished
data



Compare soils to barrels of chemical as source of As

Soils:
— As in 1 m3 of aquifer solids , assuming 10 ppm As
— 1000L * (1-0.3) * 2.6 kg/L * 10mg As/kg* 1 g/1000mg 20 g As/m3
— 300 m*200m*10 m = 600,000 m3x 20 g As/ m3= 12,000 kg As

Chemical- Arsenic trioxide (As,O,)

— As,0; = 76% (150/198) of the mass is As

— Density = 3.86 kg / Liter *76% 3 kg As /Liter
— 160 Liters/barrel * 3 kg/Liter 480 kg As/barrel

10 ppm As in soils 25 barrels thus
Mobilize 1 ppm soil As 2.5 barrels of As trioxide
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Landfill sites

Winthrop LF
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Coakley
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Region 3

Landfills \ Central Mass. LF
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1930: Dump operation begin
Including industrial
waste

1972: Landfilling begins and
serves adjacent towns

1979: Buried drums found

1982: Landfilling ceases

1987: Clay cap installed
(Capping help Ag

1995: SVE and P&T
remediation starts

2004: Rebound experiment
begins



As Source: Not the Landfill
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Reduction Induced by Leachate

Sed As | Dissolved Species |Cl-| DOC | Sulfide | Fe®* |lIron | COD | Water
mg kg 1 mean, mg L -1 As
7 Central Region 29 26 53 24 37 35 0.3
+1 +6|+14 | +49 |+15| +9 | +£23 || +0.1
8 Upgradient Region 10 | 16 5 2 2 1 0.01
+2 +2| x4 + 2 +4 | £4 | £0 [|£0.005

Regional GW Flow

Winthrop As mobilization




Coakley: Arsenic Mobilization
& Natural Attenuation

30Fe(OH), + CgH, + 60H* => 30F&* + 6CO, + 78H,0 DG°=-2359.96 kJ
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30Fe(OH), + OC + 60H" => 30Fe* +DIC + 78H,0

Arsenic In Ground Water
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Organic Compounds
Mobilize Arsenic

Superfund Sites: Arsenic
and Benzene/VOC (DOC)
Sites are Highly
Correlated

 Northeast

— 42 of 45 As contaminated
sites are contaminated
with either Benzene or
VOC

 National

— 419/555 As sites also
have aromatic
hydrocarbon
contamination

— That is roughly twice the
random probability

Ben Bostick et al



As (Ag(HD/L)

Arsenic & Iron vs ORP — GW Near Landfills
Central Massachusetts
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Rudl HoOn Data



Region 3 NYSDEC has 200 old landfills, ~150 of which
Were closed prior to 1985 and thus have no monitoring wells



Leachate induced As, Fe, Mn mobilization from aquifer solids

)



Iron Flocs as integrating triage tool

e Seeps near old landfills easy to locate (color)



lron Flocs

* Relatively easy
to collect and
analyze
(compared to
Installing wells)

absorbant pad
for thin films



CLINTON LANDFILL DATA
South Meadows Pond Seep Samples

Floc. As/Fe | Unfiltered Unfilt. Unfilt

Seep X Total Arsenic | Total Iron | Total

Site 1074 Mn

Seepl |80 600 pug/L 75,000 8,200

1 Ha/L Ha/L

Seep2 |24 71 pg/L 30,000 1,700
Ha/L Ha/L

Seep 3 | 340 4,100 pg/L 120,000 6,700
Ha/L Ha/L

Monitor Dissolved As

Well

MW7 427 ug/L

MWG6 429 ug/L

MW5 1209 pg/L

Data from Rudi Hon




As/Fe x 104

Flocs as triage tool?

6.00
5.00
4.00 H
3.00 -
2.00 88—
1.00 : r E . I I
O_OO ‘-‘v—.‘v_v_l'g'!_l';\. T T T T T \6
DD AL L0 Y SO e
S OCEC RPF OF LR Q@
QL RELE AL 20 RRRN @ FRK
N 2O NV PO S Y& @ LLL og L
OO SR NS N AY ¢S
RS O O o> SN R N
S o & )
®°§°® &

Location



As/Fe x 104
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Back of the envelope
extrapolations

NYS 1,600| 19.2 Million| 300 Million 25,000

NYSDEC 200 2 Million | 300 Million 30,000
Region 3




Next steps

Obtain data at more locations with both iron
flocs and groundwater wells

Evaluate additional parameters to
understand variation in gw [As] at old landfills

Investigate scale of problem & identify
potentially exposed homes

— Spatial scale of As transport
- GIS
— Aerial photos

Evaluate whether engineered floc collection
can be used as remediation approach

Evaluate impact of high As flocs on wildlife
Evaluate effect of capping landfills



Pictures of shallow gw sampling
below iron flocs
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