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‘ microseeps

Perchlorate CIO,

A propellant:
U ammunition
U rocket fuel
u fireworks
0 road flares
U air bags

Occurs naturally:

U mineral deposits
U fertilizers
0 atmospheric formation



‘ microseeps

Perchlorate CIO,

U detected in groundwater in 35 states
Impacted thousands of wells
0 found in common foods
A milk
A lettuce
A carrots
A cantaloupes
A spinach
Ingestion may inhibit iodide uptake
effects of low level exposure hotly debated
no federal MCL
state MCLOs iB3applgme fr om
there 1 s more than one

c:
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35C|16O4

Perchlorate CIlO,

37C|160,,
35C|160,180
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CM - Results: Forensic Isotopic Analysis of
| Perchlorate G3’Cl and U*8O
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CM - Results: Forensic Isotopic Analysis of
| Perchlorate G3’Cl and U*8O
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d*’cl
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1 perchlorate

: § synthetic + natural .

] perchlorate mixtures ) ///*6_7

] _——"0s

| f=0.9

1 natural perchlorate
-30 -20 -10 0 10

d*®o (Sturchio, et.al., ES&1 , 2796, 2007.)
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S %7Cl vs. 3C

2.30

2.10

1.90

1.70

1.50

1.30

Delta-*'Cl

0.90

0.70

0.50
-25.0 -24.5 -24.0 -23.5 -23.0 -22.5 -22.0 -21.5 -21.0

Delta-'*C

Goldman, et.al.
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M

Delta-’Cl

Potential Enrichment Paths for Sources at Moffett Field

S %7Cl vs. 3C
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‘ microseeps

NStable 1 sotope anal ysiof- pr c
evidence that there are three isotopic ratio
sighatures, thus three distinct TCE sources affecting
the groundwater beneath the housing area at Moffett
Field. At least two and likely three of the sources
originate off-site and up-gradient of the housing area.
This analysis has provided the Navy with the data
necessary to defend to the regulatory agency that the
contamination beneath the housing area originated
off-site, potentially saving the Navy millions of

dol | ars. o

Conclusions from Moffett Field Study

Goldman et.al.
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German Industrial Site

/4 | 1 Chlorinated Hydrocarbons (in pg/L)
/ = Main compounds

B Vinyichloride (VC)

[1 cis-1,2-Dichloroethene

B Trichloroethene (TCE)

[ Tetrachloroethene (PCE)

Minor compounds

60 m

Blessing, et. al.
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Blessing, et. al.

22



‘ microseeps

Blessing, et. al.
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‘ microseeps

Blessing, et. al.
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Manufacturing site near Kitchener, Ontario.
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Manufacturing site near Kitchener, Ontario.

Source Transect
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Cross-sections of the Kitchener TCE Plume

A) Source Transect

343
Wilhelm Street Shanley Street
o~ .~ b=
Y &
341 g = =
=
<
é a4 x
s 24.4 % -
e I EE
> 244 &-24.8
D 1-23.7 - -23.7
L3 236" 7 s e
. -23. »-22.7
-23.4 -22.0 ~21.8
337 —
TCE (ng/L)
ND-100 10°000-100°000
100-1000
1000-10000
335 L] L ] 1 L] L]

o 20 40 60 80 100 120

Distance (m)
B) CN Transect

100°000-1'000°000
340

= \ = § Wilhelm Street
(=23 e > =1
3 = & S g g = 2
b= = =) b 3 2 = E 3 S
53 = = 3 = = P
= o D
= = x Silty Sand S
___ 338 1 =
2
E * ¥ 3
g x ;
= @ -23.9 Sandy Silt
< = — A e 8 y
@ SRR 5~
[ww] o 1Sy > .
336— -24.1,7 -24.6 -23.8\  -23.7° -23.1 Grey Silty Clay Till
\ -24.4 -23.9 -23.6
J
( -23.7 239 X , .23.6 TCE (ng/L)
2T =234 ND-100
100-1000
Hunkeler, et. al.
334 T T T T T

(o] 20 40 60 80 100 120
Distance (m)



microseeps

Manufacturing site near Kitchener, Ontario.
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Dry Cleaner Site, Angus Field,
showing multilevel sampler locations.
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Transect 1: 40 to 50 m down gradient of source
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Elevation (m)

Transect 2: 220 m down gradient of source
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Conclusions

U13C signatures of DNAPL source zones persist without significant
modification in high concentration zones of their downgradient

pl umeseéel F é. . biodegradation (or abi ot
processes.

The effect of dispersion, including diffusion is minor !

U13C values are a valuable tool to distinguish between different plumes of
CVOC6s and to link plumes to their so
Isotopic composition.

Unique events of DNAPL release can be tracked over extended distances.

If biodegradation and abiotic degradation are absent and sufficient

measurements are taken, it should be possible to distinguish sources
with differingt®*C as | ittle as 1 a
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MTB E (from commercial samples and source zones)

ut3C -274to-33 a

u?H -80to-125 a

(Kuder, et.al., ES&T 39, 213, 2005)
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Opinion

ne.i1t I s not proposed that t
In attempts to identify a specific manufacturer of MTBE.
However where it will be invaluable is at sites where
there may be several potential sources for MTBE in the
groundwater. Determination of the isotopic

composition of the MTBE in different parts of the plume
will provide an indication as to whether there are

mul tiple sources of MTBE. 0

Smallwood, et. al. (Environmental Forensics 2, 215, 2001)
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Quantitative Site-Specific 2H NMR
Investigation of MTBE

microseeps

12H
methoxy group -M0 --MT M
iIsobutyl group -T C =:-M NN

McKelvie, et.al..
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Application of CSIA to Vapor Intrusion

Solvent TCE from stored
fluids in the house

813C = -32%o

Burns, et.al.
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A Guide for Assessing
Biodegradation and Source
Identification of Organic Ground
Water Contaminants using
Compound Specific Isotope
Analysis (CSIA)

USEPA Guide for CSIA

John Wilson
USEPA

Daniel Hunkeler
U of Neuchatel, Switzerland

Rainer Meckenstock
Institute of Groundwater Ecology,
Germany

Torsten Schmidt
U of Duisburg-Essen, Germany

Barbara Sherwood-Lollar
U of Toronto, Canada

http://www.microseeps.com/html/technicalarticles.html
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O OO NOOOITHS,WN

USEPA Guide to CSIA Chapters

. Introduction

. Data Quality Issues

. Collection, Preservation and Storage of Samples

. Interpretation of Stable Isotope Data from Field Sites

. Strategies for Field Investigations

. Use of Stable Isotopes for Source Identification

. Derivation of Equations to Describe isotope Fractionation
. Stable Isotope Enrichment Factors

. Recommendations for the Application of CSIA

. References
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WWW.microseeps.com
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The End



