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s > QK2 EY) (Perfluorinated Chemicals, PFCs ) ~ ifiR & — FH I RRRE UM 25 8l &
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Conference on Soils, Sediments, Water, and Energy ) 735 B i i 54 Z& )N Po] BR TR 25 1 i
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ERSE HEZENHEE - BE AR AR ( Vapor Intrusion ) ~ 7K 77 BA R
( Hydraulic Fracking ) Bl 5 ZX & JFiZ B 5F i ( Natural Resource Damage
Assessment, NRDA )

HiE 5 (R OB R AR » TS IHEELT T
(—)

EETE ( Workshops )

SRR I Ry 9 KIH > sERUTEEEAT
1

Measuring Biological Exposure to Environmental Chemicals

(ENEY=BREERRE LY EEE)

Vapor Intrusion Assessment and Mitigation in Massachusetts: Status of Sites,
Findings from the Field, and Guidance for Practitioners
Z

GEAN T LR L8 LUREI 2 1)

Building a Better Background Data Set
CREILEE Y

=l == R

B 5t EORHEE)

Sustainable Remediation Principles & Practice

Ok EEEH R AL A1)

Environmental Forensics — Integration of Established and Evolving

Techniques to Evaluate Who Was Responsible for the Spill or Release

CRETE S - B ORI AR b4 R 5 PR )

Incremental Sampling Methodology ( ISM )
CEBLPRIETT7R)

Remediation Tools for Challenging Geology — Cutting Edge Technology for
Cleanups in Clay & Fractured Bedrock

(HRS Bk Mt B YR8 T B35+ AR

U [ Y BRTT AR S 11)



8.  Vapor Intrusion — Reducing Uncertainty in Investigations, Mitigation and

Transactions — Tools for the Toolbox
FERAR-RVHE - FRRUEEENAEEE - " TEE ) WEHITE
9. The Urban Background Dilemma: A Regional Study and Global Perspective

(i S © i M e L A DR RD)

RARS BT GHYHEY ~ B2 AP EBAERIM: DU GSRE TR _ERYRF R 25k
EHEESE 5 EEEE BRI - RS ORI AR S S Rl S AR
SR RIEVRE TR R R 4 N IR SRR AL SN E S 2SS

(Z) SRR ( Platforms Sessions )

Wy

SRR T By 18 JHEE L 106 HREE B e RS ER R g A 4 (ERR

RHETT - FEH ES UG HAVEARTESEBARRNE - Hoh 4 (EEE A RTE AR

=

1. Risk Assessment (E[#HEE(1)

2. Advanced Analytical Tools for Management of Contaminated Sites
(=FE I TR 5 E )

3. Environmental Forensics (3R15E 5 )

4. Sediments (JEEJE)

EEEE R LB REE - M RBUNEFIAN B BT TR A SR
30 5y > BEIRMETTHY 5 s R B -
(Z)  EBEERERSCHIS (Posters )
BEHRELA 60 & 0 I 2 MR = ETRE - BEREEEREE -
R A SAEER R S T 60 FRBEH T DUS UGt RO AT R 28 SEH NG
TEEIEILET 10 fRam L BER LA P75 R R > 10 BT ¢

1. Fractionation Effects on C, H and Cl Stable Isotopes of Chlorinated Solvents

During Dissolution, Adsorption and Evaporation

il
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10.

Two-Dimensional Compound Specific Isotope Analysis (2D-CSIA) Forensic
Approach for Low ppb Level Emerging Contaminant 1,4-Dioxane

(M 2D-CSIA #3855 =\ HEIRE ppb FRAVHT LS 1.4- SR )
Challenges and Options for the Analysis of 1,4-Dioxane
(L4- &R O THIPR R B8R )

1, 4- Dioxane — A Review and Evaluation of the Available Analytical

Methodologies Used in Support of the Latest State and Federal Standards
(L4- SR O Noe- [BURHER STl n] 77 HY oA 5725 F 2R B e LR AR )

Performance Based Equivalency of Extract Clean-Ups for Dioxin and PCB

Cogener Analysis
(B B2 QIR R R ZEH U B 73 AT)

Examining PCB Concentrations in New Bedford Harbor Quahogs for Human

Risk Implications
(RSN t AR 2 SR he b 2 A )

Chemical Evidence for Exposure of Red Crabs (Chaceon quinquedens) to

Macondo Oil After the Deep Water Horizon Oil Spill
(PRKRHTRIE T B A R EE B 2 A L ESTR)

The Analysis of Perfluorinated Compounds - Beyond UCMR3
(ERAEY)571T- UCMR3 2 SM5E)

Detection of Water-Borne 4-Methylcyclohexanemethanol (MCHM) via Purge
& Trap and Transportable, On-Site GC/MS

(LA B SR P i A A B B B BRI (AR o 4-FHRGER e )

Environmental Sample Holding Time Studies: Chemical Preservation of

Volatile and Semivolatile Compounds at Ambient Temperature



R OREIIIRIATE + fEZ0R N DMEER T AR S8 M B 1 2 ML
=xt)

HELE 10 im0 B 1 & 2 RARERMZLE T EA N R 2 £
flr s 56 2 & 4R Ry 1,4- AR 1,4-Dioxane )7 Mig il © 56 5 & 6 /=
R @A (PCBs ) fifrdgie © 55 6 £ 7R BIERKP AR ME S 524 |
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M H By T Identification of Source Relevance Using Isotopic

() Jps e 2s e ( Exhibits )
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UM R L > MEARTESERAERIR E AT 2 5 > 775l%& FLIR &
F] R Griffin 460 %8 A WA T SR AT SR B E R ( GC/MS ) ~ Defiant
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Environmental Forensics-
Utilization of Established and
Evolving Techniques

Presented at the AEHS 2016 East Coast
Meeting Amherst, MA 2016

R. Paul Philp, School of Geology and
Geophysics, Univer'sit‘of Oklahoma,
Norman, OK. 73019.

School of

Gealogy &
A‘x.,,b

o

[&— Workshop 52/ 5 HIFLE

fRE R R L EE AR 7 EfEA (effects of fractionation ) » 41= %[
TR > 3 BPER AT RIS 2L - 5B — T2 PRI R ( Equilibrium
isotope effect ) » HHFPIERFE (UDRE - REE ~ (LEVIREEIEHES) - TRE
fir R IRpE B G RAE RS2 - INIEFEM R IEEER AN ([ERE - RRREGRRR
HE R - WKTE A S AP - EAVEIMLZE (CH -~ °0) fEK g thE R
EEGIZREYE - S e B JIE2 E L Z3E (Kinetic isotope effect) » FHFA T HLiRAE
BHYZER  WENERR  NITRIRBE TG HBITIH]  EHEIMEREE T4
WA TETEIE R (1 R AR B [E 7 2R BE[EI 7 3R Z FRVEE E A E R - APt
VR AR A B B2 FMI 2RSS R - INBL A (S et Ry e B
[FEr R ELEEEZNEN -

N—’

The Delta Notation

tandard

813C =( Rsample_Rstandar(a %1000

R=1C/2C (13¢/12C is 0.0112372)

13C/12C-45/44 intensity in the MS; §13C of -30 per
mil means it is 3°/, lower than the standard.
Laboratory standards have to be converted to
international reference standards.

& — R AR ER R
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Stable Isotope Fractionation

* Preferential partitioning of isotopes between
phases or between reaction and product
species
- Function of difference in masses

* Equilibrium isotope effect

- One isotope concentrates in one component of a
reversible system

* Kinetic isotope effect

- One isotope reacts more rapidly than other in
irreversible system

&= s efF SRR ER R L EEA =R

Ky

X—H" + Y

Y—H" + X

KH{KD1 i.e. KHJ'IKD¢: 1

BV R i A R (1)

Kinetic Isotope Fractionation
Rate of removal of O faster than that of ®

k, / k,= const. Biodegradation
Chem. Degradation
Diffusion

Initial

& F EhIER A e



R 22 2 71 P L M BB L A TS » A R 3 A7 77 2T A
AR R 2B » R R E E R ZLLE 7 ( Bulk Stable Isotope
Analysis, BSIA ) » FTA HE S48 E 52 4RI AL (1t AL 22 L B RT3
THEI ER R TSI B TR R R B EREE( e
WIE) i %537 ( Compound Specific Isotope Analysis, CSIA ) + /AL @
FT2 (CEARA RSO T R )28 - WA RS IR S L AT
fir 22 8 5 1 5 T 5B £ & W W B LA - DAL B S
FHAEEIIEARE » BRI AR > BSIA KR RATEE = i
B » B A R LS B B A - AR A R L )
FIACR > BIZERER CSIA J55E5H7 o T DAGE B SppaN; - J5hms

o BT IR i 22 E 1 88 i B R S Tt 25 A R
e DA I AR S A T LR D S MR BRI Y+ 3 LAt B A e
IR T R B T S e -

Stable Isotope Determinations

ISOTOPIC VALUES CAN BE
MEASURED IN TWO WAYS:

» BULK ISOTOPES

« ISOTOPIC COMPOSITIONS OF
INDIVIDUAL COMPOUNDS

20

(&7~ (R ZREE{E 173 By BSIA B CSIA

ARAFMLZREEE I ATHIMEZEE] > Dr. Paul Philp f5H HATEISMA R ER
EEE D HTIRRE /A HEARE S A MR L RV GEE Pl e m il TY) R L - dfE
B AR R~ SRRV EAS UK A B A B AR B o [E R EL(E 1T HE
MRS S A b - BRI B2 A — Rk - RE HEMTFE UM
PRET/KESHD S AR (/) ~ JRIE ~ T B R T iRE( L EVN LT B
(PAHs) AR R (ETL) - HZ/ Vg HFIRELL BT R ETER T
FHERLH B 455 (41 GC/FID B GC/MS & )& a3 X ELH » sREBE !
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VHAAR > BURFERFHE R REERORZ Ak CSIAFES] (B ) - NESHEHT
Kb TR PEdE & & S e It R R L E o R B AR R B R U5
AEES]

Isotope Fingerprinting in Tequila -You
are what you drink What’s in the Beer?

« §3C 160 Beers from around the
world ranged from -27.3 to -14.9

* 31% had C; signature-barley,rice-
traditional sources of alcohol.

* 69% contained C, plants-corn or
cane sugar

* European beers mainly C; but US,
Canadian, Mexican, Brazilian beers
contained C, — large breweries
contained significant proportions of
C, and the cheaper the beer the
more corn syrup!

Y Coamw (%) Etbanol
H s 3

1o esiablish mixing ol"x sanof from: &

ethanoi from sugar cane Brooks et al,, J. ic. Food Che: 2002, 50 (2:
6413-6418

Bt E R EE A EE

Correlations Using Carbon Isotopes Correlations Using Carbon and
s T e b B 6% Hydrogen Isotopes
a1 '
E i California Crude Oils -120
& ¥
® i 4
2 Other Southern Colfomia
E 3 Beach Ters ? -128 4
‘E Alaska Crude Oils EQ-’ -132 4
o : ) ﬁﬁ” L)
8 i = Huntington e ach Tars -136 1 Brand B
(] end Spilied Gt Gasoline
i 140 L

29 28 21 26 5 24 2
813C of(Aromatics (%o, PDB)
) o 8C (%a)

&/ O8R5 EE
Differentiation of PAH Sources _E ~ PAHs- Qomblned GC and 6CIRMS

to Urban Background ] “Data
in : i ;E
ass ( "::‘ - ‘V o : " P

§
N
°
%
X of
0

C2DIC2P+A
0y
<D

i

i

{RQEZBRELE
-Q> -

Cortanwotepe woe
Bebkbhbk

N i 07 o
e a ‘ i
[ £ i
I- | o 1
: | ! f i : !U |
oo e a2 a3 a4 as as. or ol -‘ ] ; ! ! nll l.ll,x.‘n]-\‘\k Lo M
c3 1C3-P th el W

Coms &1 ol Emironmenol Foreraics, 5,171, 2004

Bl PAHs 737454 GC/MS B GC/IRMS CL¥f
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EPA 600/R-08/148 | December 2008 | www.epa.gov/ada

nited States
nvironmental Protection
enc

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

Office of Research and Development
National Risk Management Research Laboratory, Ada, Oklahoma 74820

&+ SEEERRE LR CSIA S35 (2)

BEALEYHEARBIER GRS (E+—)  — SRR AMREER
TR - SRR P EY R RS E YIS R L SR (R - W
T A A i i A RELE RV - 2R DU E R A R EL E Y
TR A 2 — R ST B L SRS B R - MR LGRS IER
AR E FM ZRECEMEA K - B G SRR T AR B e (RORR -
EEAVTRE F LR L E 2 LEE —ROURVERAE £0.5%0 © (LEVIRRE R
TR R R ELE SRR FE LR IR - (N R el B AE & A AL AT (5
A EEBIEE = Ay EEE A R (BRVEE G bR - N b &R E R R
FEE S RGRER - SRR TSHYET R 7] LR AR ( Rayleigh Model ) 2
TRBEE L -
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Dilution vs. Dispersion for Chlorinated
Ethenes
we i
Dilution Lower concentration,
? e e but equal ssotope ratio
12C (98.9%) S
Degradation 9
o
g ]
Parent: Daughter:
Enriched in *C Depleted in 3C
205

B — [EARERRE(E A o AR R L EHRIR
B (B ) 2 HEEAE AR » S8 TR
613C, =6B3Cy+ e XInF

8¢, AFRAEYERE t I EL ZLLE

§BC,  RFRLEMENERIELZLLE

€  RAEAT - BYEEY B R EY) 2 R R L EEE AR

F o (RERAERHE t R L EYIR S el b & YRR LR

FAZUAIAD > BREIRRE T o2 =M E5E1% (F=0) - [EigEYIHIE A 2R EL(E
FEULEYEYIRNTE R ELEAAEE - R AT AT 2 S A TR AR TP DL
VMR - IE DA =R IR RO (B =) » —fEHIN =8 LAl
FEV R 1,2-" 80 =8 0aRE RILE G B =R 58 S EfRg E
V) 1,2- "R SGEHEL R L ERET - P EEE T ER T () FIER
fiig B AR BURAR - — i S F— b &Y EME ESMEERE R & e AHIT (B
0 - REZEEM R B LB EAN B G R - USRI s e 22
VR BRI R L E 0% -
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Stable Isotopic Fractionation

Rayleigh Model
AR uf, RN, Froctasfoae

In order to show the relationship between the isotopic
ratios of the initial and remaining substrate and the
fraction of liquid remaining (F) the following form of the
Rayleigh model can be used:

(813C, + 1000)/(5C,_, + 1000) = Fo-!

which can be rearranged and simplified to:
8BC,=8BC,,+e*InF  where g£=(a-1)* 1000

(cis the enrichment factor and a is the fractionation factor)
(a=R substrate,/R product,) k)

[+ B AR

Stable Isotopic Fractionation

—TCE

54 |~ mstantaneous cis-DCE
———Avernge cis-DCE

~ —lotiat TCE

1 08 06 04 a2
Fracton TCE remanng

&= PA=8Z5% Ry A

Biogenic vs. Abiogenic Degradation

PCE &
FeS ph 7 —abiotic |-30.2+-4.3 &
FeS pH 8 — abiotic |-29.54+/-0.83 <

BBI —biological |-1.39 +/-0.21
Sm — biological -1.33+/-0.13

VU RS A= R IE R € AN [E
14




e 1% —{EER 7 TR Ry f2 o IRl 22 e iy s G - (B2 R A 1E Dr. Paul
Philp fZEIEL#VHTE > > AR EE AR H EER AT HL B IR Y
L - R bGP R e R ERVEDH - BE EAS A
P S HE AT (A B A i > 21 T 1990 SR EAIEI{ir 22 P B AR ol 2 e
FEIRBEE R - 2008 FREPERIRB TR — A5 5 [N A ARIE AR RIEEE
s S AR A AR - NI b EYIRE L ZRELERYE B AR AR E 24
Tk ( Natural Attenuation ) Z/EMHESUE - (Hi2 B EAVEHE T 20 E &/ N EiE
A5 BIE LI5S R Nl - £ P EE AT SR - (EERBAY)
SRR ERYIE - SRR FE A R B EAYE b HERA AT E 2K
i — BRI S E M E R (Reactive Transportation Model, RTM ) (
1) - 8 RIM (IR EEE T KHORENFFA (Advection ) ~ 77 EUAR
( Dispersion ) ~ SMAOKEGHVFGRE ~ JKEG AR » 718 b S B Eh
( Sorption/Retardation ) ~ {EE21%: (SAALEIR ) BAVIERSE - (LGRS
EEAVEAEE A RTM EABRIRY2 5 - A REAE IR SR B B 1500
(3) * RTM i[RI ZXEEELHE FH A 1R SO R B BRI EL A - 2RI 58 AR

b

AP R 2 I A & o] e R LA Uy B 2 s B iR D -

Technology Description

Reactive Transport Modeling of Isotope Fractionation

TCE (mmol/) 8 CICE (%)

Oepth (m)
Cepth {m)
5 =

o w

Conventional RTM simulates Isotope ratio RTM simulates
concentrations contaminants concentrations and isotope ratios of
over space (here: 2D). contaminants over space.

Evaluates site scenarios with Evaluates site scenarios with alternative
alternative degradation rate degrad. rate constants and isotope
constants. effects.

Reduced assessmt. uncertainty: a match
of isotope ratios (model vs. field)
confirms that realistic assumption on
reaction pathways were used.

7 SEMEE T (RTM)
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Syt E g (Platforms Sessions )
TR Ry 18 JHEEE L 106 (ERE H G - S E M E R H AR
BEVIRIRE - CE AR LAVRlT - DU 5 (EUEE H 0 =N AL

X

(—) Forensic Sediment Evaluation - Differentiating Basin Derived Media from

Anthropogenic Sources Using Multivariate Statistics

S s B Hexagon Environmental Solutions 2\ 5]y Eric Cherry - JE:EH R
eSS T SRR Y 2 BB AR R U705 AR T A IR e SRR 2 LURE 77
AHNA] > AL BRI HIET T A AR & - k= BRI EAYRTAS -
R AR B THE IR B T e — BRI PRI T 7= S04SR LA
YIRS IR SRR AR - $RE DL 2 B et )7 =T » Eric Cherry (LI
T TR B YA ¢ AR AT (Regression Analysis ) ~ 73 JEEEHE Y
7 ( Regression Analysis ) ~ PCA BLSREE T - HIE HEA LB I774 -
EEEHSET AN RS HAREIE - BeBEERFRE - TALHEESE
HEF—FsRIIIRSE - otriVasRA A AER -

(=) Integrating Compound Specific Isotope Analysis (CSIA) in Forensic
Investigations and Conceptual Site Models

Y EEE By Geosyntec Consultants 7\ 5|y Dr. Silvia Mancini > 3 2 N 521
CSIA 3R AR5 115 ( Conceptual Site Models, CSM ) 1 » CSM &
2 B Y ] RE R B8R AR B BRI IE DL RS L 2 B 52 2 - B CSIA
Rt m] PUE R AR H i B 5 eV g R 1% > Dr. Silvia Mancini DA PHERIGHY
WHE G5 0E FefB] > 55— (B hE 2 S A5 5L T IO T /K > R - SR
[Ef ZELEEAF] CSM K& H T AR B ARTE 5 18 (EGHEaHE &
{7 B S LBV AT - R FEIA R ELE R R BRI AT LR i &
HEEEEHYJTE © T CSM IV S i 2 Za T R R bR a AL » CSIA FEH P E T
FABNAY A o
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Compound Specific Isotope
Forensic Applications and Inte
Conceptual Site Models
Siivia Mancini, Ph D', P.Geo
saniligeosyntoe Som

i, tssbela Camargo, Ruy Sika, Ligia Carvano. =
ddra Justioia-Lwon, James Henderson I

&7~ Dr. Silvia Mancini JE#
(=) Water Quality Signatures for CCR Management Sites

Ve By N Electric Power Research Institute ( EPRI ) #/1%% & Bruce
Hensel » A EZR LA N K5AOKE SRR 7% - 75A4RA E BRI
B2%7 ( Coal Combustion Residuals, CCRs ) #1447 » Dr. Bruce Hensel Hg{LA{
(Fisiry = (EA2 PPt =E

1. KBS SEERPLEYE CCRs HUfEIZEYIREAIRR FAYHN - % ~ $H
HELLUROE (FGD gypsum ) FrEVEE ~ R ~ &S5 FHILEEAE
CCRs HyP/EVLL AR 2 — DRI -

2. {ORTEAIFEAEYFE R HEFYERS] ( compound or ion ratio ) 4G %URY =4
» KRR FRIK SR b B T4l s fE CL 5 RE A & A Fir 2= 22
E-+EEt \FroR e
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Fig. 3. Triangular comparison of PAHs in the dustfall of Tianjin in (a) heating season and (b) nonheating season.
[&+/\ PAHs A [FEEREAEREEGI=FlE - BURA FERETERCE T ELERVER 5)

3. fe=rlE n] DS AR LA o] AR R AR - IR el #E—25 LA
W e B e DA _E Y [EMir 2R EE (R A 2R - 40T LR -
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(P9) Two-Dimensional Compound Specific Isotope Analysis ( 2D-CSIA ) Forensic
Approach for Low ppb Level Emerging Contaminant 1,4-Dioxane

S B (TH% 25 E Pace Analytical /3 5] 5E%£2% Dr. Yi Wang » Dr. Yi Wang
B BRI E LR » BRI R A T CSIA S EPIEe » 45
ST E R S D G F A R E R S R LS ) 1 4-— G
(14-Dioxane ) * FEAZHIGH 1,4~ GO HERILITERIE - (L
Bl 14— SEOERARIEEY  BSERKE LR S v
EERIEB SR (1,1,1- TCASE T A FAMIIIRR TR > FiLla Famiiy
SSAH ] 14— SO o AN 4 ATt R A E
SR AIRATYY o A G - S  REE LR AR (2R
Kl o RSB E R & RN 2% ( Integrated Risk Information System,
IRIS ) 14- " SEECEEAASIEN (7)  FISTESE B RERE B 035 g/l
BREER B E S — > HAEEREENRERE 14 SO A
B (R SINE S EA KB R ST RIS I T K
R TTARHA 0.35 pg/L 5 NNAF K &Rl By | ng/L 5 B 2Erm B
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A7KEGREA nEE 025 pg/L ¢ WONRAIEREH KA S RER 0.3 pg/l -
H LA ERr S ER A - L4- SR O hefeKie PR R R BYEN: - M
FENEIHI S AR & So F S IRAYIE S0 iy - Dr. Yi Wang DAS5E] EPA
method 522 [EMHZEHUE AT TAEAY > FEfR TR Ay —dE R RELE 21
HSBR TSRS H AT AESR B 1 ng/L > fellazE] 32740 {E5hE
7 3796 prtg it 14- "SR HEHIHERS - AR K 12% - EFMAEEGH]
3 Dr. Yi Wang S04 5 200 > i EARRA G REAE R 2R ELER o o ek
EREFHE—PAIR -

Breakthrough in 2D-CSIA Technology

for 1,4-Dioxane

Yi Wang, Ph.D.
Director of CSIA Forensic Isotopes

) . ZymaX Forensics
ace Analytical

600 S. Andreasen Drive, Suite B

Escondido, CA 92029

Phone: 760.781.3338 Ext. 202

Mobile: 609.721.2843

Direct: 760.294.4107

w! siansRoa lobe . gon Fax: 760.781.3339
oAl f e S yi.wang@zymaxusa.com
http://www.linkedin.com/in/forensicisctopeswithdryiwang

[+ e Dr.Yi Wang () S/ (1)
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(#.) Using Advanced Microbiological Sequencing and Analysis for Remedial
Design of a CVOC Contaminated Site

T fy Haley & Aldrich /2 F]HY Elizabeth Bishop » AR A [E AT HIFTHE
PAEIfr 22 ELAE ROt S HEFe g 7 =X+ T2 B I AR IR iR 2 A 42 )
[%fi# o Elizabeth Bishop DAAHZPEINILES—(ESHE G —Ei EERE B %S
HEAVETE VIR AT RENE - BESSIE e SRR A Y (CVOC ) HHITUE
23 (PCE) DAR HAHRARERRAVEY) - 75 R T BRE > SRR
AR By w2 EIRERY Dehalococoides (DHC) » FRIEELL qPCR 25 7 4 Bl
TEFRIHE Dehalococoides J&f% » 7 DHC 2 4MILEFT 16S ribosomal rRNA 5|
TEEWERGHET RSN AEYFE - SRSTIE S
i) DHC JEFE(E]? qPCR TE SR ( 8.12 x 10° gene copies/mL ) i H ¢ A HEIH
T AR SRR AEY) (2 E R E T DR R S L & I A
Vit - R EEEGHE P AR YRR TR E - R DUE—R B
AL - DS ERE BT E & B e M i = LUK B fir 2= ERE 17 B
S E YRR DT UE SR B 2R » B2 H TS & B NIRE il i Ry
HITEYE -
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BEHEm e (Posters )

BT E AR EERIL 60 /5 > DAEME G =T - R AT GRS EL
THWHFEARRE AT OB L & FHL[E %%  Identification of Source Relevance
Using Isotopic Signatures of Multiple Contaminants | > B2 DIIK « @EIE[E L
RILEXRH =R 2054450 B AT N KHASEY) - S HE 5240
EHA - IR TR =R MEA HE R EY) - 88 a8
ROHE - ik - |EMRILE EZLURAA i S E A Z L EE R
(GC/IRMS) » &[EMir ZELE F LRGN A E L (GC/MS )i B EIfir
ZEETIER LEBIETE - SREBURMIAD S HH K H &SRR B % =84
Mgk - FET AT AT DL RTM 258 105 ZL AR B TN ey e 14

[ A SEEHBEAR R Z B

60 fREEFR T LUSAUGUL BB B2 Hf = S ROF0T

(—) Fractionation Effects on C, H and Cl Stable Isotopes of Chlorinated Solvents

During Dissolution, Adsorption and Evaporation

A T akre prat OB 8 L BUAE T R G E S FRET AR & 87
f& ( PCE ~ DCE ~ EDC 81 DCM ) fEf#3% ~ WRIfEUARR(EA T - $IHYEIZRLE
EHAFE - EEERE MEERER g A b F A ER A RLE
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AYEEHS - BSOS R PRt E L R ELERY MBI - AR LT ST o SOE IS
FELRAFMLRELEAVERET - EAENPARIEAT (€, Enrichment Factor) =] LA
RREZ AR 2 @PEREE R R E 2R E  WERERT/NL0
REERUREFSEEERT > RAEATRR 0 - AREFILZRE S TR
TIET - WIFREREUR - IRIFFEUARR(E & A8 =R FML R E
gL AR RILE  EREEEEED 50% FAPEEE - EER
NS /b EYYIRERIE 2R ELE T 5T o] DR (R DR = F
MR- HaHsE A R EEER 2 -

B - Fractionation Effects on C, H and CI Stable Isotopes of Chlorinated

Solvents During Dissolution, Adsorption and Evaporation Bz

() Two-Dimensional Compound Specific Isotope Analysis (2D-CSIA) Forensic
Approach for Low ppb Level Emerging Contaminant 1,4-Dioxane

AREEHTFEEGRH Dr. Yi Wang 883% > $1%¢ 1,4- & EC)5(1,4-Dioxane )
SRR [FML R ELE AT 574 - BLO AR E ARRRE 1,4- —F3r O ettt am
Sy EBREBLE FI A Z LR E - I B R T 53K BT EE Y - B 1.4-2
SIROHEHBENK - SeE BRI T - WTFeaE R am i 77k
(HWREREY 1 pg/L > SRS RA R BRI EIRRE » NRy[F]—Rghe A
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FEEAQEERIERMURLEGAEZR - WILEEREE5GHEAE AT EE
A e L Mt A S B e

— -+ = Two-Dimensional Compound Specific Isotope Analysis (2D-CSIA)

Forensic Approach for Low ppb Level Emerging Contaminant 1,4-Dioxane B3 zm

X

(=) 1, 4- Dioxane — A Review and Evaluation of the Available Analytical
Methodologies Used in Support of the Latest State and Federal Standards

BRI 1,4-SEEEClE( 1,4-Dioxane ) HY /34T J77AM9E > 1 Alpha
Analytical /X F]HY Dr. James Occhialini fr855% » MLl HRISEBERIRE =fE 017
J7EMETTERER S5 —TE Ky EPA method 8260 DAWCREIHHE T =AF ARl E » DA
GC/MS SIM mode 43#7 » 5 —f 5 EPA method 522 DA [E|FHZEHY [ Al R FRELHY -
LA GC/MS SIM mode 43#ft 5 55 =7 £ EPA method 8270 LA & /A ZEHL -
LA GC/MS SIM mode 73#ft = 5245 SR8~ EPA method 8260 1£/]NjY 1 ng/L (YR
HEfG 7207k » EPA method 522 B EPA method 8270 7E/NFA 1 pg/L (G Ry
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HE {7 187 EPA method 8260 /)N » fRATREZ N K WCRMe )T 2 & Tl R AE
—EHEE L4-ZEIRObEEKR T > NI EE =R -

B —-PU 1, 4- Dioxane — A Review and Evaluation of the Available Analytical
Methodologies Used in Support of the Latest State and Federal Standards B35

(PY) Environmental Sample Holding Time Studies: Chemical Preservation of

Volatile and Semivolatile Compounds at Ambient Temperature

i2fmH NewFields ~ Chevron Energy Technology /3 ]k & 55 7RAVEE #iam L -
MM HERESTREEE AR - FERBEESI =00 NMrEFITR > DIRIREE
RHIZETTERE (1,4-Dioxane ) Bd BTEX Fyfil] » Horft PAHs B0 57 Ky TN
FEAE ( Petrogenic ) BLPEIRIAREREE ( Pyrogenic ) A FHA & bR Al E AL
(NaNs ) ARRE DM (21-27°C ) 81 4°C NAYELEL - 47 ~ 14~ 21 ~ 30 B 60
Rt —attofian + BTEX /Kietkmmjifg (EEL pH EV/NR 20 fEZ0mEE 4C T
ORIFEEE > & 7 ~ 14 B2 21 Spffr— LB > S A IR E RO T HIZRHYR
JEBLEE 0 REEH: - SERBURNAIIREETEZ00 MREF 60 X J2A IR EH]
R MR - BIEE 4C MUEREMRG 14 K 5 BTEX AfE=0R T 4
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C T WAPEREEE - BURIIREHTA] (£ BTEX R R ek T - IR
WrFesE R I i R A R R B E A —E AL 4C TRfF ©

[E| —+ 7 Environmental Sample Holding Time Studies: Chemical Preservation of
Volatile and Semivolatile Compounds at Ambient Temperature B2z zm

() Chemical Evidence for Exposure of Red Crabs ( Chaceon quinquedens ) to
Macondo Oil After the Deep Water Horizon Oil Spill

i5BE W NewFields /A F]AY Eric Litman B Jeff Hardenstine $L[E[#HF—F
RE A SE R AR PRI AH A Bl as E IR HD 505 445 » 22T 2010 FEaEary
B8 B MR E R SR - U5 AR R R B S A TR 2 B2l
T 9 > AJR 2 € 71 6§ & [K B ( Chaceon quinquedens ) HY HT i AR
( Hepatopancreas ) ~ 8 (Gill ) #14=5HHR (Gonad ) B /R4 V)R FE R A (L2
safE o DI TS BIREEE T8 - DL GO/MS 20y e Bl B+
PR LR DRSS R B AR O Bl 5% P B J5OR— 20 - ARIB (2 A REAT
PRAR By TLEA & UM AL A S TP AVAHAS - IR I a5 g eRE A )M
EZR& - —fim S HRMOTG B TERIEEE - AR S8 n DUE
Ry 5N E e -
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Forensic Identification of Macondo Oil in Red Crab Tissue

Gregoey S. Diswglas, PO, B Lis, M5, Wersdy Wersg, Eic Lot anc Jttery ) iasdensne

— -+ 75 Chemical Evidence for Exposure of Red Crabs ( Chaceon

quinquedens ) to Macondo Oil After the Deep Water Horizon Oil Spill B¥#; 5w
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R HET G B eSS - AR E S hEa TR » RNIE—RIRED
Frbftas & RV a2 it @ (Agilent ) ~ FEBOURIEE] ( Thermo Fisher ) 2
WEARAE AR & FE BT o TSGR AL 75 22 T DR ER Lt B R AR A0 -
I P P e R AR MR B T 2 B E A W R R Y 2 i o & AT E

(—) Griffin 460 B BZUUCESE RAR T S0 E 3

Griffin 460 FE) R RAENT B E R 62 H FLIR A =5 %#
e MBS — (B KA+ HAHE B2 & - w3 (/44 & mAY Dr. Philip
Tackett %75 » Griffin 460 HAI5EE /A H FLIR AEREE - 2 Ry
YN EFEENEEYE R T - FEARNEAEAEERA 15 ARE
HIEHTETE » 1&lnE R NS R LE (/2 ) #iE 35-425 » Bl
RN EAR B AT AR EAR 7 5 Ay AR T S AVCR e B £
oK S T DU B HEEE AR - S M A YN R AT 1 g/l > —(Ef
aa o MR TR 15 738N SERK - 2RI s i RAYRARE 50 R B as A
AGRGTEEE 8 - MRS TR EI 0 B EARBIVERER 40 AT
EA B AR AR ] i B TER ARV L B rTRE & 2 B PR -

-

$FLIR

| MASS SpECTROMETRY.

| $FLIR

Philip Tackett, Ph.D.
Product Manager - Detection

+1 7657751701 X131 Office FLIR Systems, Inc.
+1 7654124528 Mahilz 3000 Kent Avenue

West Lafayette, IN 47906
philip.tackett@flir.com USA

www.flir.com

B £ FLIR /575 Griffin 460 BBV e SN B aa b B St g B i
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(=) Frog-4000 {75 A g SRl el 1 (0 =s

Frog-4000 7 =CrUH i S ClE T M Es AV MG AR 1T 2 - st
— &R LR EEERE - FTLVERVAIS DS EE R AOR - e/ NEEEE (K
QIR T ) > ATRBY A KHS ~ LI B Ze SR PR SR AT - 3k (P ed
dbffy Patrick Lewis F27r o it {PATES o] AU EAE N MRSy ok B 2
TERIETHAAEE (micro column ) BLR IR AITR4ERS ( micro preconcentrator)
HIEE AL SRR P BRI G B AR B oo DRI L B 28R i (MR A5
Ry AP AVER R o (BB ENER T AT DU 1 ng/L - — @Y 5 73
# > WA DIFHEER 6 /INEF - i A G — SRR T R E R - e
P LAE BEE 22 5R A Ryl SRAG (carrier gas ) » INILAHESY FLIR A E[HIERY
FRASIIREE AR - LT & B PR SRR AT R AR (A B R -

= O |

Defiant Patrick Lewis
o Senior Scientist
Technologres

A Systems Approach to Chemical Detection e ’) )
<3/
f (
HBC
NS

=/
= FROG 4000

6814 Academy Parkway W, NE prlewis@defiant-tech.com
Suite A Office: 505-999-5880
Albuquerque, NM  87109-4406 Cell: 505-307-3576
www.defiant-tech.com Fax: 505-750-9810

& ——+71 Frog-4000 J@&ff{EtE
29



B
RREHSIUELBBIRNE 32 @ (2016) £ - R - KRBT & - BT

[ M T Y 5 UL B ME R SR A g e - L HR FMi ZRELEAY S i o B H
s EN ZLESEN AR WA R B REESEENH T AR
Rt s AV E R AR AR AR BE B BN 530 » RE B PR IE F SIR N RS 3% L - BENIE
KOS &% - DU SR T

1.

PRSI — PR SR - B AE B - KRS B TRE - (L
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Columbia University. Deuterium Isotope Effects for Probing Aspects of the Interaction of H-H
and C—H Bonds with Transition Metals.
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Monday, October 17, 2016 (Monday is workshops only) Who Should Attend

* Environmental science educators and students

* Federal, state, county, and municipal officials responsible
for the development and implementation of environmental

Registration: 10:00am - 4:00pm

Workshop 1 (1:00pm - 5:00pm) Measuring Biological Exposure to Environmental Chemicals, Cape Cod Lounge
Workshop 2 (1:00pm - 5:00pm) Vapor Intrusion Assessment and Mitigation in Massachusetts:

Status of Sites, Findings from the Field, and Guidance for Practitioners, Am. 164 regulatory programs
Workshop 3 (1:00pm - 5:00pm) Building a Better Background Data Set, Am. 165 * Agencies and organizations responsive to issues arising from
Workshop 4 (1:00pm - 5:00pm) Sustainable Remediation Principles & Practice, Am. 168 contaminated sols, sediments, water, and air
Workshop 5 (1:00pm - 4:00pm) Environmental Forensics — Integration of Established and Evolving * Consultants providing environmental contaminant assessment,
Techniques to Evaluate Who Was Responsible for the Spill or Release, Am. 176 advice, and guidance

* Attorneys concerned with client environmental contaminant
Tuesday, October 18,2016 issues

* Environmental scientists, engineers, managers, and consultants

Registration: 7:30am - 7:00pm | Exhibit Hall Hours: 9:00am - 7:00pm Analyticallaboratory staff ializing i ; i
© C ratory staff specializing in environm

Morning Platform Sessions

8:30/9:00am — 12:00pm, Sessions are concurrent cuntaminatic.ln . .

Session 1: Intersection of Transportation & the Environment, Am. 176 'LUNCHEON 7 | * Real estate, insurance, and banking representatives
Session 2: Use of Decision Analysis and Probabalistic Tools to Manage : o Faranea Hichlichte

Evironmental Risk, Am. 164 12:00pm — 1:30pm Conference Highlights

Session 3: New England's Regulatory Perspective on Greener Amherst Room. 10th Floor * Strong technical presentations for immediate application
Cleanups, Am. 168 ' * Excellent networking opportunities

Session 4: Remediation, Am. 165 Speaker: Robert Haddad, Ph.D., . N " .
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Corporate Vice President and * Active participation from military, academia, regulatory
Afternoon Platform Sessions Principal Scientist, Exponent, agencies and the oil and gas industry.
1:30pm - 5:00/5:30pm, Sessions are concurrent Menlo Park, CA Yaosulator Frie o

Session 1: Building Resilience to Climate Impacts: Local Efforts to Regulator Friendly .

Implement Adaptation Plans, Am. 164 NRDA - Past, Present, State and federal regulators receive:

Session 2: Risk Assessment, Am. 165 and Future * Special reduced registration

Session 3: In-Situ Chemical Oxidation, Bm. 168

Session 4: Sustainability and Sustainable Remediation, Am. 176 L
Poster Session 3:00pm - 6:00pm, CCA and Am. 162 Socials _

Wine/Welcome Reception 5:00pm — 7:00pm, exhibit areas, 1st floor * ﬁ’ﬁ:g%‘?p:ﬁa":m Reception from 5:00pm —7:00pm
Evening Workshops . R . . .
Workshop 6 (6:30pm — 9:30pm) Incremental Sampling Methodology (ISM), Am. 168 Wadnesday evening Social from 5:00pm — 7:00pm in the

exhibit areas.
Workshop 7 (6:30pm — 9:30pm) Remediation Tools for Challenging Geology — « Po . ial
Cutting Edge Technology for Cleanups in Clay & Fractured Bedrock, Am. 176 ster session socials

* Complimentary workshops (see registration form for details)

Wednesday, October 19, 2016 , STUDENT COMPETITION

Registration: 7:30am - 7:00pm | Exhibit Hall Hours: 39:00am — 7:00pm

Morning Platform Sessions ) . AWAHD PH“GHAM

8:30/9:00am — 12:00pm, Sessions are concurrent

gessinsrzl 1: Imomv??%Sustainahle Soil, Sediment, Water & LUNCHEON:
nergy Solutions, Am. 12:00pm — 1:30pm
Session 2: Toward a Sustainable Energy Future, Am. 168 Amherst Room, 10th Floor We are proud to announce the 13th Annual
Contaminated Stos . 167 oo or Management o Speaker: David W. Cash, PhD, Student Competition for best student pre-
Session 4: Bioremediation, Am. 165 Dean, John W. McCormack sentation at the conference. One $1000.00
............................................................................. Graduate School of Policy and . . .
Afternoon Platform Sessions Global Studies, University of cash prize and two $500.00 cash prizes will
1:30pm - 5:00/6:00pm, Sessions are concurrent Massachusetts Boston be awarded to the three best student pre-
Session 1: PFAS (Poly & Perfluoroalkyl Substances), Am. 164 . P . . .
Session 2: Environmental Forensics, Am. 176 2016)13](;7 al;:d Plo ll?y 11:1:he sentations. Winners will be announced on
Session 3: Innovative Remedial Approaches, Aim. 168 ruely e sap orme the Wednesday. See posting at registration desk
- Interface in Contentious, ' '

Poster Session 3:00pm —6:00pm, CCA and Rm. 162 .

X Uncertain and Complex i i
Social 5:00pm — 7:00pm, exhibit areas, 1st floor Arenas Must be entered prior to the conference in

Evening Workshops order to compete. Open to all full and part-
Workshop 8 (6:30pm — 9:30pm) Vapor Intrusion — Reducing Uncertainty

in Investigations, Mitigation and Transactions — Tools for the Toolbox, Rm. 176 time students {pOSt'dOCS excluded )

Workshop 9 (7:00pm — 9:00pm) The Urban Background Dilemma:

A Regional Study and Global Perspective, fim. 168 See www.AEHSFoundation.org for

Thursday, October 20,2016 full details and previous winners.

Registration: 7:30am - 12:00pm | Exhibit Hall Hours: 9:00am — 12:00pm

Morning Platform Sessions

8:30am - 12:00pm, Sessions are concurrent

Session 1: Advancing the Practice of In-Situ Remediation, Am. 164
Session 2: Sediments, Am. 176

Session 3: Vapor Intrusion, Am. 168
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Identification of Source Relevance Using Isotopic Signatures of Multiple
Contaminants

Shih-Lin Lo"*, Ying-Ming Weng', Yu-Chin Chen?, Hsin-Lan Hsu?

LEnvironmental Analysis Laboratory, Environmental Protection Administration, Executive Yuan. No. 260, Minzu Rd. Sec. 3,
Zhongli District, Taouyan, Taiwan 32024, R.O.C.

2 Industrial Technology and Research Institute. No. 321, Kuang Fu Rd. Sec.2, East District, Hsinchu, Taiwan 30011, R.O.C.
" Presenting Author: 886-3-4915818 ext 4412, Fax: 886-3-4910419, sllo@mail.niea.gov.tw

Chlorinated organic solvents were widely used in the industrial area in Taiwan. Due to clustering of many
factories which are potential polluters, identification of the source and the source relevance is a critical issue in order
to resolve liability and conduct the remediation efficiently.

The studied case is a polluted area of about 250 acres located across two towns at the central Taiwan. Multiple
plumes containing more than ten chlorinated organic compounds were detected above the regulated levels in the
groundwater. One chemical manufacturer has been identified as one source, but it was not clear whether there exist
other sources.

To resolve the source relevance issue, compound-specific isotope ratios of carbon and chlorine were analyzed
for several contaminants. Interpretation of the isotopic signatures was based on the degradation potential of the
compound. For the pollutants which are less likely degraded under the associated aquatic environment, their isotopic
ratios were compared; for those likely degraded, the variation trend of their isotopic ratios was used instead to signal
the existence of other sources. Long term monitoring of the water table and the geological strata were also studied
to provide insight of the pollution migration. The multiple lines of evidence showed that in a certain downstream
area the pollution might have come from the chemical manufacturer while there shall exist other pollution sources
responsible for the further downstream pollution.

Keywords - stable isotope ~ environmental forensics
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Presentation Overview

Introduction
Merhodology - Frochomﬂon -Rayleigh Model-3ulk

f Individ

Infegmﬂon of GC GCMS GCIRMS data

Appllcuﬂons-Souroe Discrimination and
Remediation

- Diccal, Casobne, Motar ol
- NTYBE

*  Vapor Intrusion Studies
Fate and Transport Models
Summary

Introduction

» This course is primarily concerned with
certain  aspects of  environmental
forensics and, more  specifically,
utilization of stable isotopes.

= It is very important to emphasize at the

outset that there is a significant

difference between the conventional EPA
methods and the environmental forensic
approach.

At this time there is no EPA stable

isotope method although the approach is

widely supported by EPA

36

CSIA in Contaminant Studies

CSIA is sfablishcd in ground

publications and industry
applications.

CSIA applications fairly novel in
vadose zone and vapor phase
contaminant studies: several
peer-reviewed papers to date

More examples of such
applications will be given in
subsequent sections

General Topics to be covered

* What is a stable isotope?
* Where and why use isotopes?

* When do we use isotopes in
conjunction with other techniques?

* What type of information can we
obtain?

* What type of information is not
available? (age deting)

* Examples

Basic Environmental Forensic

Questions

* What is the product?

+ Is there more than one source (point
of release) and, if so, which one
caused the problem?

» How long has it been there?
* Is it degrading?




Utilization of Stable
Isotopes

* What is the product? NO

+ Is there more than one source and, if
so, which one caused the problem?
YES

* How long has it been there? NO
* Is it degrading? YES

What are Stable Isotopes?

|sot of Hotozes of Caton
Hydrogen, Deuterium, Tritium, Sy
H H, 0 B, T gt race
“C net 1n use
Tor CSIA

e 9

. have the same numbcr of ons -
ndem?é?l atomic number i

- I have different number of neutrons -
daffenm atomic mass

- Stable isotopes do not undergo radioactive decay -
tritium is no? a stable isoto] rgo

|__-(Cl has 24 isotopes) =

Applications-Sediments vs.
Water

+ Basic concepts behind analyzing
sediment extracts and water samples
are very similar.

+ In general changes in isotopic
compositions during extraction,
diffusion, partitioning in sediments
are relatively small and not significant
when interpreting natural attenuation
data.

Stable Isotopes

* Natural isotopic abundances
- 12C about 99%, 13C about 1%
-1H 99.985%, ?H 0.014%
~Chlorine (35C1/37CI - 76/24)
-Sulfur (328/3S - 94/3)
—Nitrogen (**N/5N - 99.6/0.4)

(Mass difference for H/D is 2 thas more fractisnation thes €)

+ Stable isotopes ratios can change
~ Physical processes
- Chemical process

What are Stable Isotopes?

* Carbon exists as two stable isotopes,
12C and '3C which differ in the
number of neutrons they contain. 12C
has 6 electrons, 6 protons and 6
neutrons; 13C has 7 neutrons.

* 'H has 1 electron and 1 proton and
?H (D-deuterium) has 1 electron, 1
proton and 1 neutron.

* 33Cl has 17 electrons, 17 protons and
18 neutrons; 37Cl has 20 neutrons.

37

The Delta Notation

tandard

5!3C =[ R samPIC_Rstandanﬂ % 1000

R=1Cnc (€3¢ is 0.0112372)
13C/*2C-45/44 intensity in the MS; 83C of -30 per
mil means it is 3°/, lower than the standard.
Laboratory standards have to be converted to
international reference standards.




Stable Isotopes

* Carbon in fossil fuels is derived from
atmospheric CO,. Hydrogen is
primarily derived from H,O. During
photosynthesis, fractionation of the
two isotopes occurs with preferential
assimilation of the lighter isotopes.

Isotopes of Water

» Evaporation of water from oceans
decreases concentration of heavy isotope in
the water in the clouds compared to the
sea.

« With further evaporation, condensation and
precipitation, the deuterium continues to
decrease with altitude.

» Ground water reflects this and ultimately
so do the plants and higher members of the
food chain.

» Reflected in food such as cheese, butter,
and milk.

Phofosym‘hes:s

l "CO, 2o, o, 2co,

CO; u 2Co, £ 1200,
"00, “CO, +
z(,, 12, Q’ Atmospheric§7C - 8%
s9ce ] CL Do . .}x 1000
(9 C)rartars
C,plum »85% of plant €, plants : «5% of plant
species species
(all trees, wheat, sugar beat, (corn, serghum, miller,
b a lot of herb ) sugarcane)

€3 plant 89C - 26% 4 phumt 85 --ox,

6%CO, + 12H,0

*CeH120, + 6H,0 + 60,

Isotopes and Photosynthesis

* The extent of fractionation duri
cfosynfhcsls will dcpend on facfors
such as: plant . marine v.
terrigenous; C; v. C, plant types
;e hm?ure. sunhghf intensity: wafcr
e

Temperate plants: trees; not grasses:
957. plon'r spegies 22 to -30; C,

; sugar cane: corn; higher tem
ond sunllght -10 to -14 per m?h e
Individual compounds will have a unique
isotopic s*ﬁﬁemfuu reflecting their
phofosyn tic cycle and/or biochemical

38

Isotopic Changes in Rainwater
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Stable Isotope Determinations

ISOTOPIC VALUES CAN BE
MEASURED IN TWO WAYS:

* BULK ISOTOPES

+ ISOTOPIC COMPOSITIONS OF
INDIVIDUAL COMPOUNDS

Isotopes

* The standard for carbon is a
marine carbonate, Pee Dee
Belemnite (VPDB), that has a 8'C
value of 0. Virtually every other
material that has been measured
contains less !3C than the standard
and will have a negative 8'3C value.
Then one says it is depleted in °C,
is isotopically lighter or has a more
negative 8'3C value.

Isotope Standards

Atom & Ratio Stendord Heary/Light
. Hydrogen 8D D/H(H/H)  SMOW 1,557 x 104
. Carbon  BMC  MgniC VP8 1,122 x10
Nitrogen 51N SN/MN Atmosphere  3.6:3 x 10
- Oxygen YO O/MO SMOW, VPDB  2.0052 x10-
Chiceine  87CI YOG smoc ~0.31978
. Sulfur Mg mg/mg cot 4.43 x 107

Bulk Isotopes

* For carbon, a small volume of sample is placed
in a glass tube with CuO, evacuated, sealed
and heated to approx. 650°C for 6 hrs. All
organic matter must be converted to CO, and
water.

* The tube is attached to a manifold, secl
broken, and water removed. The CO, pulsed
into mass spectrometer, interspersed with
pulses of standard CO,.

» Alternatively can be determined directly with
elemental analyser interfaced to IRMS

un

The Delta Notation

R o,
813C 2 sample R:‘!endﬂd x 1000

tandard

R =1CniC ('C/*C is 0.0112372)
13C/12C-45/44 intensity in the MS; 83C of -30 per
mil means it is 3¢/, lower than the standard.
Laboratory standards have to be converted to
international reference standards.
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Data Output-Isotope Scale

PDB Standard

|

A0.00 00 0%

4000 <3000 2000

83C
Isotopically lighter

-50 00

Isotopically depleted

More negative

Equilibrium Isotope Effect

* Evaporation of water in closed
container (equilibrium

~ligiter utopes L H. aad T ihen'to

B AR I

Variations in Bulk Isotope Values

VC campusiilon of sruanie matiar veries
Wepending on wiyln snd seemel hivtory
e b
i ! an
]
— |
L ST : 5
e g onaan
0= ==
e co
e —— -
ot ]
-
e 2y \
R JL—""‘" b&(-z‘ "
e
F-c—'--u-
S e == ==k
[y — e i

5 S

Kinetic Isotope Effect

*+ Hydrocarbon molecules are comprised
primarily of 12C-12C bonds; lesser
amounts of 2C-13C bonds and even fewer
13€-13C bonds. The kinetic isotope effect
can be thought of as the cleavage of the
weaker bonds, 2C-12C, which will
ultimately lead to an enrichment of the
residual substrate.

+ Similar effects occur in chlorinated
compounds where the 2C-35C| bonds are

preferentially cleaved ar F\\Qfé X g
oI g n

Stable Isotope Fractionation

* Preferential partitioning of isotopes between
phases or between reaction and product
species

- Function of difference in masses

+ Equilibrium isotope effect
- One isotope concentrates in one component of a
reversible system
* Kinetic isotope effect

- One isotope reacts more rapidly than other in
irreversible system

Kinetic Isotope Fractionation
Rate of removal of O faster than that of ®

Biodegradation
Chem. Degradation
Diffusion
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Fractionation due to different reaction rates

of molecules with “heavy” and “light"
isotopes

&MMI enrichment |
of the “slow" species

remaining mass

Stable Isotopic Fractionation

Rayleigh Model .
D\ X ARy 1 ,-"“;"r-{‘od'o
AR #k AR, Foced
In order to show the relationship between the isotopic
ratios of the initial and remaining substrate cnd the
fraction of liquid remaining (F) the following form of the
Rayleigh model can be used:

(BYC, + 1000)/(8C,q + 1000) = Fo1
which can be rearranged and simplified to:
§C, =8"C ,+e*InF where = (a-1)* 1000

(cis the enrichment factor and a is the fractionation facter)

n (a=R substrate/R product,) M
Data Output Stable Isotopic Fractionation
o
—TCE
R 5 ==~ wstanlaneows csDCE
s notation: & C=| —=22£ _1 x1000 o] e
tandard
(Morcisooizary R = BC/AEC "

2 <
Percent MTBE remaining 1€ uepc. ‘

100.0 | -30.0 001090 | - .
| 500 -245 | olo0sez 1,1t POy
| 125 -13.4 | 0.011087 ° :
v 1.6 33 I 0.011274 1 oe os 0« 02 o

| Vv Fadon TCE sewmenng
" P
Stable Isotopic Fractionation
Stable Isotopic Fractionation Rayleigh Model
Rayleigh Model ® I
o Slope = €
The relcﬁofns ip___ between isctopic E
composition o prec and ct con be =
followed throug e use of t leigh Im«:c: = _szﬂc, S
equation. This equation establishes the it A
relationship between the isotopic compositien of ot log of vewaiing mbsirate frocton
precursor and product based on the fractionation Substrate concentration decreases—s
factor and change in concentration of the
substrate.
8'3C, = € * InF + 513C,
5 =

41
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What’s in the Beer?

« §%3C 160 Beers from around the
world ranged from -27.3 t0 -14.9

* 31% had C, signature-barley,rice-
traditional sources of alcohol.

* 69% contained C, plants-corn or
cane sugar

* European beers mainly C; but US,
Canadian, Mexican, Brazilian beers
contained C, - large breweries
contained significant proportions of
C, and the cheaper the beer the
more corn syrup!

$413-6418

You are what you Eat!!

18

Fadrad e
[ Foods md . e ;
otR Vel

Nitrogen Isotope Value (6"N)
a R a2 a

Mo N A e B

-30 -26 25 -24 -22 -20 -18 -16 -14 12 10

Carbon Isotope Value ("°C)

Isotope Values of Crude
Qils Vary with Source
- |

» 006 oy 52 .29.30 -29.68

Isotope Fingerprinting in Tequila -You
are what you drink

" ' ::‘“*;/"3 /;'l ( ‘%.o..) (poamae
s { .
Far - ’/'/-l“,'/

AL ) gt by

TPy — /_/
¢

5 Cuonrn (% Ecaent
&
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N\ v dnesy

—

""E \ v J ¥ in

s " 3 "
60 e (0 Etbanal

Ceonbinad “C end O snalysis of eanal In toguin can be aved
18 evLNink nixing af @haeol Eont Azave snd ctica s from ssgs G

The Granite Wash Oils-Isotopic

Compositions

24 A

a8
i 26 A Q Vish ot mghe

27

LI

e PR

20 - & &‘ * Slmpson Croup
E i B Woodsferd Shale

b 4 Pennsylvanlas

e “Lawton OIl
o 4y |
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Prince William Sound Residues
Correlations Using Carbon Isotopes -

BF “American Trader™ Acckdent &7790 - Hustirglons Beach, CA

PDB)

Califorwia Crade Oits

Ofer Sauttem Cafoma. b
Baach T

Alaxka Crude Oils.

.
»

§'3C of Qaturam

Huringion Beach Ten
a2 =

Spided i
P of@ PDB) , e =
a9 ]

Prince William Sound Residues

Correlations Using Carbon and

Hydrogen Isotopes

2
8 -
(‘ - - - -
| Allocation - 2 Sources ) Isotopic Values of Individual
) Compounds
:‘o'g':’t :ogue: be
B Y C0 ) 0 2% * Bulk numbers represent an ave of
S St _ PRAN the isotopic values of all the ir:.:i?:dual

compounds in the sample

* The combination of gas chromatogrephy
with isotope ratio mass spectrometry
(6CIRMS) permits us to determine
isotopic compositions of individual

| compounds in complex mixtures, so far
Plume = 80% Source A, 20% Source B m’,’:: for C ande.

* Methods now being developed for Cl
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On-Line Determination

» For carbon, combustion interface converts
everything to CO, and water. water
removed: CO, enters the IRMS system.

» For hydrogen the sample is pyrolysed to
produce 'H and ?H which enter IRMS, and
carbon deposited on the tube

T 00

GCIRMS DATA FOR SELECTED

PRT
e ¢t ¢ ¢ ¢ ¢t 8 & & B ' 2t 12
Rl mm e bt e e e e e e e e e e L e g

« Cl will be discussed below ——
+ Important no GC resolution lost during v
combustion process gl 755
2 = =it
GCIRMS C DATA FOR SELECTED
OILS
L tiGEE3353¢8e 5338600888582
2
Output from GCIRMS GCIRMS H DATA FOR SELECTED
- - o OILS
2l ; | o _ o8 E3iBESEBEBEEA858BB828888¢%
' ] - .
’-l‘ ’I 4 " T y i i “
«-ll N Gy s | 44745 Ratio ’ - P
i ! ' ’:r(('l ; ! | ! \ - —-ares
'.- ., ,.i . . : : :' :
3 il T e 100 Ky
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Summary

Basic Environmental Forensic

Questions

* What is the product?

+ Is there more than one source (point
of release) and, if so, which one
caused the problem?

* How long has it been there?
+ Is it degrading?
* Who is going to pay?

Fingerprinting by Gas Chromatography

L=
TR

Crude Oil Chromatogram

Fingerprinting and Correlation

* What are the most commonly used
techniques for such purposes?

Gas chromatography

Mass Spectrometry

Biomarker Distributions
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Hydrocarbon Spills and
Weathering

* Major effects of weathering from a
geochemical perspective are :
~ Evaporation
—Water washing

— Biodegradation

@Veofhering Effects\)of Crude Oils
L [«

———
ci: :

Non-degraded oil

g

Heavily degraded oil

Processes acting on Spilled Oils

_Weg;m__im Effects gf_ Crude Oils

T

)

Processes acting on below-ground spills
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Diesel -Source Differentiation
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*  Vapor Intrusion Studies %E —
+ Fate and Transport Models ! = ~uns
*  Summary f o] = —
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Carbon Isotope Values for Isoprenoids

Gasolines

+ Gasolines from different sources often
have very similar chromatograms, making
it difficult to distinguish such samples.
Gasolines are also devoid of biomarkers,
further limiting correlation possibilities.

* One solution here is to use GCIRMS for
both the hydrocarbons and additives.

: 8t ¢ =
» v !
a E
-
-5 -o—ll!l
Y -.—U.‘
-2
26
n
{ Diesel Correlations
\
LY
A /
R
thlzs) Degmdedmrmes
g (!IO;IZQj
Diamantane (135) Adamantane (187)
®

Comparison of Gasolines by 6C

Adamantanes in Diesel Fuels

bl s

Carbon Isotopic Compesition of &asolines from
Oklahoma (FOK, 60K) and the East Coast (LEC, OFC)

Foak Nvder
LAS TP DM T DDBOBNND PRy O
o
2300
" il W\/‘*
270
L: Bl
ne
200 ]
Jropey | ——CEs
—o
— G,
quunmmwwgfq-w«’uwmmmu
from the East Coast and & wwhﬁlkmn
Verms of isetepic -—‘-nh“ " ‘ﬁ-— other on this bass.

The peak senbecs ore Mﬂtd 0 the section abave
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Gasoline database

Retail stations
locations

o Aromatics 5°C « dD,
oxygenates (WTBE, TBA)

an;nmaovmh—n
Marvaat University, WV *  Aromatics 5'3C ony

| Biodegradation

z

agl.

ez NI =

P

|®®=

CFE FEF ”

813C Fingerprints of 39 Gasolines

Large vs.Small Molecules
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- ! Trend reflects the manufacturing process -
5"C offset reflects the crude ol feedstod % ’/\ CH;
[ cH
S § ©/; | 3,/ “ '|J
| | G s
a §
@ 1:7 119
-l Biodegradation will induce larger isotopic fractionation
PP A AR & v s in_smaller-molecules which have Tower—rativ-altered to
Ed ¢ R4 /"’0’ i non-altered carbons- (intrinsic isotopic effects).
® ]
When are Two Fingerprints Gasolines - Identical GC Signals
Different?
* Factors causing differences: A i ‘
~ Source b . ~
—Precision and Accuracy - 4l f Jll | .
~Fresh samples vs. Environmental samples AR e
—Weathering and biodegradation B - ]
- {
- !m -'.J\l.' G s e
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BYC (%

Gasolines - Different 5'3C

Fingerprints

&

2

&

# & & & &

f’.«*vf'«*’_,rff'{! i

Source Discrimination-
Ground-water Problems

+ Source discrimination
— Stable isotopes provide a tool that can ke
used to discriminate source of common
ground water and sediment contaminants.

~ Particularly valuable for single component
contaminants

- Volatile compound source signatures may be
affected by "weathering”
— Relatively narrow range of signatures

Non-degraded v. Degraded

Components
$iu g e

Naer

Oegraded " MYEE
Degrases 3
~ [
e [T
- TS
e [
Gas
-50 00 40.00 3000 2000 -1000 000 0w

Chemicals are Inherited from Synthetic

The Isotopes in Manufactured

Feedstocks
= Bioethanol

C Isotope Ratios of Misc. CAHs

T -
E: 2 e - 8 3§ 5 . &
w w = - E 2 FA =
- & £ K § 3 38 § 8
20 ! j n
- . BB
as — 10,15
¥ By ~
L 45
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alne yaes oo

Remediation Studies

* How can isotopes assist in

remediation studies?

* Provide independent verification
that attenuation is taking place

* Provide estimates of extent of
attenuation

* Distinguish mechanisms of
degradation

*\ Distinguish non-degradative
processes that may be taking place
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0.001

Isotopes in Remediation Studies

* Provide independent verification
that attenuation is taking place

+ Basically looking for isotopic enrichment
such that the substrate is isotopically
enriched relative to the original source
material

* Enrichment magnitude should exceed that
of abiotic (physical) processes

* Ranges of source signatures established
for most common contaminants

Remediation - Summary

* Provide estimates of extent of
attenuation

* Conservative estimates of the
extent of degradation can be
obtained from the Rayleigh equation

* Information can also be
incorporated into flow transport
models

&}\ 3 thr

Use of CSIA data to determine the
progress of in-situ degradation (anaerobic)

Simplified Rayleigh equation: §"C,.,, =8"C yu*e*InF

hi b 55 i i 5 e marrtsd f

Mixing with less %0 gummux:.;mqmmmi

degraded MTBE will od 5515 s e s

lower the degradation

estimate 2 i

=

Calculation is mode using g :

a conservative value of iy

83Ciimiaa # i

This is a conservative » ® ‘,,‘c,.m:‘_, » oo
100

Isotopes in Remediation Studies

* Provide independent verification

that attenuation is taking place
P )

* Ideally 2D or ever 3D isotope
monitoring will provide more reliable
evidence for attenuation

* Mechanism specific Since one
isotope may be enriched, but little
change in the others depending on
mechanism.
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MTBE

Octane Booster, 1970’s

Reformatated Gasoline, 1995 (<15 %)
3.1 billion gallons produced in 1998
AND
1.2 billion gallons imported in 1968

Clean Alr Act Amendments, 1350 (Winer program)

C MTBE (5C TBA |3D MTBE |60 TBA
1ppb  |20/30ppb [10/20ppb | N4
108

Boiling Pt. ss.2¢C
Vapor Pressure 240 mm Hg
Vapor Density 3.1
Density 0.74 g/ mi @ 20°C
Solubility 4.8 g/ 100 g water
tog K, 0.55-0.91
e
MTBE in Gasolines
-~ » l
I |
w MTBE \ - : I
) o ||
» 1 : '\: X " "Q" g - * l
|
104

Data Interpretation

Qualitative - if MTBE compesition is
“heavier” than the reference commercial
MTBE, degradation may be inferred

Composition range of undegraded MTBE:

*("Carbon: -33 to -27.5 permil 5'3¢
Hydrogen: -125 to -80 permil 8D

Why Use Compound-Specific
Stable Isotope Analysis for
MTBE Studies?

+ Source differentiation not too successful since

MTBE from many different sources has a fa
isotope compositions, between -

27 = r mil, One sample from Russia
was -36 per mil.

* Can we use the stable isotopic composition to
differentiate sources of MTBE and/or detect
the onset of natural attenuation?

* May supplement or replace time-consumi
microcosm experiments in identification :?
MTBE-degrading microbiology

Pl

ISOTOPE FRACTIONATION in MICROCOSMS

-
s 5.9 % Cegrades
o
. g %,.  average isotope effect
g o N degaded ‘-.:- Bprten ™ ~18
é',— - * maximum isotope effect
o oNdegades L Eeartun = <20 |
) o average Isotope efect |
» P“" Sr.""?si |
]

/' 0 “ a " TREAT T Jou T R |
"

1 GJC, MTBE  [Gns pud from
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Anaerobic Plume New Jersey. BP

Site

Material for
microcosms colle

Dana Point, Orange County, CA

Anaerobic Plume New Jersey

; g

£ §4zoppb u n/ \
Y| / € ficld =-8.1

This part of the
Ga plume represents
S MTBE g the

active zo0e

croatns & harrier for
the L) 5

(leaking gas
station tan|

Jource arca

feaking gas
sation tank)

10pob B overss%
& WTBE Year 1 ey 1000 - 10 000 BN 1095%
O MTBE Year2 scale: 12 maters I 50-80%
v a A MTBE Year 3 .‘:‘I‘ ":: Selow 30%
7] B — - I o evidence
. . 2 9 - . MTEE concentrations (pgit) conservative extent of NTBE
LN F MTBE biodegradaion
calculated from CSIA data
e [+
) MTBE Degradation Experiments
Topography of MTBE attenuation
o * Kuder et al., (2005) first used C and
H isotope data from both microcosm
o8“C-2810-295 T Ch it and field data to demonstrate
A‘( ©FIC 2451 -28 Gl i anaerobic degradation of MTBE.
A o 1C 181024 » Showed similar enrichment factors for
/{ Better site management: bath.C-anc:H.
qit . + Common degradation pathway at
Treatment may be several sites
ﬁ:::;"ﬁ':ﬁ:ﬁ,?n';‘m o « First step is cleavage of O-CH; bond.
bioattenuation processes
o ster of 35, 200
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[Lsotope Effects Reflect Reaction Mechanism

Strong isotope fractionation affects
atoms of the reacting bond
Atoms at the reacting bond:
“peimary effects”
*strong for 1C/42C
Bond cleavage
Remaining atoms:
““secondory effects”
‘negligible for 13C/12C us

Discrimination of Aerobic vs. Anaerobic

Degradation by 2D CSIA

50 4 Cleavage of
§ rc-u of the -
“@ i methyl group
0| § ’f
e § i
= 20 s . j
2 i ¥ Cleavage of
i 37 Coen0 i
£0 o
A
3 HC and 8D range
20 y ~ f commercial
- . E‘EE —
&0 40 20 @ 60 &0 100

D‘ 20
B¢ MTDE i

Isotopic Fractionation During
MTBE - TBA Conversion

+ Reaction 1: Ether bond hydrolysis: primary isotopic
effect on carbon, secondary effect of hydrogen

+ Reaction 2: Terminal methyl group oxidation: prmary
isotopic effect both on carbon and hydrogen

x »
Reaction 1
o = 0 =
2 / g Reaction 2
S = -~
P I ™| LI
£ E a ° = - e °
delta *C delta “C

2D-Isotope Analyses of MTBE at_

10 o

w bl » o
5'%C (29
after van Breukelen: Bnv. Sci. Tech 41 QOMD‘}W‘I

Overview of Isotope Effects in MTBE Degradation
-
Studies
Culture £ % €, e referzace

Mvchic obovareun A1 T 008 paepum— Himbeber o wl 2001

Acrvbie ennxtabolie 252006 Pap— unkater a 21 3001
Nercbbc mbcrocoue TMI | 2020000 24403 | 334 Ste36ak Gy et L, 3900
Arrelic i reevmene VAFH Adsaxang el dbe) Gy wt ol 2001
M banarerds e naes Alake Nt amtypedd Nodhaiiar 4 ol 3013
Mintynmpmts soubdumes: At e Kuder et 1008
Medwemgrcenscbonsd | 1oy qpaa6282 | Net sratyaed Someanuk it al, 22
[T e ——— 1A1233 Jnsaas Kukr ot L, mpeblabed
[T —— A28, 20 Ned aralyand [T
“""‘":‘:‘;;""‘m a1 POPp— [RAP T p——

ivs

Isotope Effects in Non-
Degradative MTBE Attenuation

Do physical attenuation processes
result in measurable isotope
fractionation?

If so, does it interfere with
CSIA-based biodegradation
assessment?
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Volatile Contaminants -

Processes affecting MTBE Mass Distribution

Presentation Overview

«  Intreduction

+«  Methodol = Froctionation-Beyleigh Model-Bulk
Imfnpr_s-rﬂgu of Irdiwidual Cum:;
Integration of &6C, GCMS, GCIRMS data

+  Applications-Source Discrimination and
Remediation

- [easal, Sanskna, B ol

MTRE

Chlorwaned Zolmrm

Paks

Ll

leninrn

{¥onne Lastepen

Parghisrwia

(R RN

*  Vapor Intrusion Studies
* Fate and Transport Models
»  Summary

Vadose Zone Physical Attenuation-
Complex Interactions

Detection Limits for Chlorinated
Solvents

» C and Cl Isotopes
—TCE, PCE AND cis-DCE lug/L

- V€ 2ug/L
NAPL-vapar - H ISﬂTﬂEES
———— ~TCE 20-30ug/L
—Cis-DCE 5-10ug/L
~VC 10-20ug/L
pred =3
P T ONSN e — —
7 e S e~ S 813C Values fob TEE from Several
2D-CSIA of Differen ilization E Manufacturers
'S — ?__ 7
-
| Nomericalkey  Manifmer—9C  Offine precision
..] Eopsl _'.!_" Anﬂtﬂu[
1 v i Diow -31.90 .08
! 1A Dow ~20.04 107
»{ 3 il -3132 1.03
Bl ) 3 PG =27 80 101
| 34 PPG —31.68 017
. 4 Aldrich —3340 008
Shaded " 5 Holtetal (1997)  —27.18 0l
wea = o= B A -11.53 001
Eabrae = 7 B =750 0.08
’9:‘:6 m"':ss - mtmue. dlagnosﬂc(ouﬂzt'g:ovd i & c _30m DIE
benchmark range
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Degradation of Chlorinated Solvents
&=,
}

Degradation of Chlorinated Solvents

— 1
—0y

E:,; bl

x7%

o
gy e
! —

——

A'convran
'EEEPEREE
——_

LR ER (atp
W‘

Discrimination of Reaction

Mechanisms by Isotope Effects

In different reaction types,
the proportions between C, CI
and H isotope effect: are

L) . different, These differences
oidation ! Tce can be visualized by collecting
3 " g data on 2 or 3 isotopes (e.g..
z -t c+Cl).
hed = il
% °°7<r°' )
reductive dechlorination The same principles cpply to
0 5% degrodation and physcal mass
remediation,
Aiee Hunbher of ol 2009

Isotopic Enrichment Factors

Corpownd | %) Conliines Refoosons
e -2 baich, snacrobis Nuskeler et al, 1999
53 | bach mxtuasepaic Shar e al. 2001
523 batch, metusnoponic Miocen et al, 2000
= betch, sascubic Muzbeh et o, 1999
44 | boch metasopaic Hoom et o, 2000
-1 hash, saanrotes Sherwood Lelbe et of, 1999
REL) Pt aspolee Shinet ot al, 2004
IXE -12 betch, znazobe: Voazbole ct o, 1599
=141 | haach metaroganc Hoom e ol 2000
61| oo danopeno Biooes o ol, 2000
-4 Patc, anamotis Shner @ al, 2004
e =215 | hach sctancpenc oo et o, 2000
224 tores anamobe Shoter e al, 2000
266 | Sach wwanipenn Bl et al, 2000
-6 Potad, aarenstes Turkeles e al, 1999
The last Two steps of degradotion ere The slewest. Dering these procezzes, the earichmert

wo
fottor is The highest highlighting or inportart degradation ot this time.
m

Degradation of Chlorinated Solvents
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Source Discrimination of PCE _and TCE
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Source Discrimination of PCE and TCE

T

ferce

AR EE.

PG
.
Y

et
RREREELE

Reductive Dechlorination of
PCEs

+ Sherwood Lollar et al., EST
2001,35,261-269-first showed that
during anaerobic reductive
dechlorination of chlorinated
hydrocarbons, isotopic enrichment of
PCE and TCE was observed at Area 6
Dover AFB.

Reductive Dechlorination of

(PCEs
momta | — r <z

PCEs

Reductive Dechlorination of
PCEs

Extent of Contaminstion

& (z

Reductive Dechlorination of

PCEs
-~ ca‘-oce\(mf <z

o Mantading et

'.;“- B
e o R
e e
N ':jg.. }\,.\‘;t:\) \ .
. ey
A oy, TR

oo, /> ’
23,100 pgit,

0 xom Grounewster Flow =3 -/‘\::-—

1
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PCE Degradation Site Study

T 7 M o Cogn Sl s o s of et s erhed ek o e Vet T
e i Rl Ll ey SEpEp s S i -
o

@ ) Contarrmant

H i red TCE
200
: 4

a2 4
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1
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PCE Source Evaluation Study

A) Park transoct
"we

ST AT

Cvsderam 0
Hakaler o o)., J. Contaminant Hydrology, 74, 265282,2004, W“ L
142

/é/'h(u'/ 4 -‘-I’T;

PCE Degradation Site Study

Munkaler ¥ 14 GLMMI
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Abiotic_and Microbial Tra

and TCE
Microbial processes are most rapid transformation of PCE and
TCE in the field and should be exploited for this purpcse where
appropriate.

Abiotic s can contribute to transformation of PCE and
TCE where significantly higher mass Ioodlngs of reactive minerals
are generated in situ as part of ar diation ti logy or
where the activity of dechlorinating bacteria is low.

ormation of PCE

Abiotic processes can also play a significant role in cases where
complete microbial degradation of PCE or TCE to ethene does
not occur,

Under these conditions, although slow, abiotic processes may
sﬂllcomﬂbu?efofhecowkfcmfmmmafPCEdeCE
to benign products at contaminated sites. o

Biogenic vs. Abiogenic Degradation

PCE €
FeS ph 7 - abiotic [-302+/-43 &
FeS pH 8 — abiotic [-29.54 +/-0.83 U
BB1 - Qiological -1.39 +/- 0.21
Sm — biological -1.33 +/-0.13




Presentation Overview

+  Introduction
M I - -
Hethodlog Tt -
Integration of 6C, GCMS, GCIRMS data
Applications-Source Discrimination and
Remediatio

Dinssl, Gonslivn, Ratwr ol

'

i

Vapor Intrusion Studies
Fate and Transport Models
*  Summary

Differentiation of PAH Sources
to Urban Background

148
/%
Sources of PAHs to Urb
ources o S TO an
Background Large vs.Small Molecules
* Natural background
— Pre-existing and naturally produced CH,
* Atmospheric fallout CHy ]
~ Transportation, heating systems, power | i ] O
generation, industries 8
« Fill
— Building materials
— Debris, ash, trash L7 1:19
« Spills and sprays Piodegradcﬁon will induce larger isotopic .frocﬁonaﬁon
Z » ™ in smaller molecules which have lower ratio altered to
:-':,,,' ;’;,‘zrm%f edae 7 non-altered carbons- (intrinsic isotopic effects).
14

Petrogenic vs. Pyrogenic

PAHs and Stable Isotopes

* Current interest is centered around
whether carbon isotopes can be used o
discriminate PAHs derived from former
manufactured gas plant (MGP) wastes
versus those from general urban background
aromatics

* Urban backgrounds have a fairly narrow
range and small differences may be related
to source differences
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PAH CSIRs Depend on Source
Organic Matter and Conditions of

PAHs-Combined 6€ and GCIRMS Datgl

Formation
s 4.2 908V 4 4 “B1C profies vary ameng

PAH pi s
«5"C isctopic praties
responsve 1o different PAH

7 formation mecharisms

S g “Litle isotopic fradionation
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Combining CSIRs with 6C/FID and

PAH Ratios adds Confidence

—

Combimed GCMIO and
CSiRs identify sediments
contaminated fem 2 or
\ more coal tar sources
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PAH Fingerprints and Isotopes Show No
MGP Contribution to Background
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+  Introduction
L o el s Ntk
+ Integration of 6C, 6CMS, GCIRMS data

»  Applications-Source Discrimination and
Remediation

+  Vapor Intrusion Studies
Fate and Transport Models
Summary

PCBs

= Study by Yanik et al., 06, 239-253,
34, 2003 showed that different
Aroclors may be isotopically different
and thus useful for source
discrimination although there is some
slight enrichment from degradation.

PCB Applications

» Drenzek and other (EST, 35, 3310-
3313, 2001) used GCIRMS to show that
in laboratory reductive dechlorination no
carbon isotopic fractionation occurred.

* However 3 batches of Aroclor 1268
showed a intrinsic trend of !3C depletion
with increasing chlorine content.

* Hence a combination of this information
will provide information on mechanisms
by which these compounds are formed.

Variations in Isotopic Composition
of Various Congeners

o
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PCB Contamination
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2D-CSIA Discrimination of Benzene

Degradation Pathways

A %]
i

W= R st B4 ) - v~ P Ada M2 3o Barntoroone sz (1),
. v o (wwrckac),

Presentation Overview

*  Introduction
*  Methodol - Froctionation-Rayleigh Model-Bulk
Isotopes-Isofopes of Individual Compounds

«  Integration of 6C, GCMS, GCIRMS data
Applications-Source Discrimination and
Remediation

i

*  Vapor Intrusion Studies
Fate and Transport Models

«  Summary

Benzene Sources

* Source differences

8BC 82H
Aldrich [-27.92 |-27.9
Baker -26.10 |-69.2
BDHI |-2493 |-944
BDHII |-2790 |-746

Hurkler et al., EST, 35,3462-3467, 2001
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2D-CSIA Discrimination of Benzene
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+  Introduction

*  Methodol on-Rayleigh I-
Isotopes~ Ism;es of MMMI IR

«  Integration of GC, GC.MS GCIRMS data

*  Applications-Source Discrimination and
Remediation

i

+  Vapor Intrusion Studies
+ Fate and Transport Models
«  Summary

EDB as an Emerging Contaminant
}A.Z-.nimmLacﬂlvlcm
dibromide; EDB

USEPA classification: ble h
carcinogen; also, hlgh loxlclty

USEPA drinking water MCL: 50 ng/L (50
)

Main source: spills of l.l.l.lﬂ_lg_o!’iﬁl (EDB :_ng; used as a
lng_;mmmma; if sensitive methods were used;

EDB was detected above MCL at about half of the olcer
gasoline spill sites,

NOTE: the MCL is significantly lower than the reporting
limits of the dard GCMS thods (such as USEPA

. 8060); EDBE can be easily missed in routine site t

1,4-Dioxane

1,4-Dioxane used as a stabilizer for chlorinated
solvents and an ingredient in personal czre
products and printer inks.

Probable carcinogen.

Highly water soluble and spreads more
extensively than the chlorinated solvents.

Can be degraded in advance water treatment
methods.

Degrades relatively slowly in-situ

The Fate of EDB in the Environment

The old residual gasoline sources can persist for
decades/centuries into the future (due to relatmly slow
rate of transfer from gasoline to gr d )

Limited role of phy
constant)

(low Koc and Herry's

In-situ degradation necessary to restrict the dimensions of
EDB plumes.

EDB is susceptible to various abiotic or biotic degradation
mechanisms, however, traditional field site assessment
thods may be i in confirming that EDB is

degrading.

1,4-Dioxane

o R
- mH
sl i
» |
bowomowow
. |
—————
M | s b s - § At  ——
s o — IR T e ad s —te .-y o ——
Laborwtory studies show that e o I
Prcedumcandis diszanh orans CB1190 DR "
will degrade | 3-diozane acrebicalls. P 2
However so far exeperiments done on pure i oo |
compaunds and net yet applied to ground ———
water samplos, SOSER S e Sy

(Porwwangthoo et wl. 2011) Bt et et s sy e
TR P

EDB Degradation

e.:
=5 D

BIOTIC

Anaerobic degradation (reductive) to
bromoethane, ethene and/or ethane

Aerobic/anaerobic hydrolysis
(analogy with 1,2-DCA reactions)

Aerobic, cometabolic oxidation
ABIOTIC

B-ellmmahon by re(u) rnmerals
and zero to

Reactions with sulfide
nucleophiles

Hydrolysis (relatively slow)




Isotope Effects in Aerobic
(Cometabolic) Biodegradation

Microcosms, Mycobacterium spaghnl grown with ethane

Enrichmant factors () in two replicates: =123 and ~10£5%o0 ,
respectively (~11x2%0 for the pooled data).

319C (%o0)

Rayleigh-type plot: isotope

- In (C/Cy)

Problems that can be investigated

* As with carbon and hydrogen the two
problems that, potentially, can be
investigated with chlorine are:

— Source

-~ Natural Attenuation

ratios vs,-;u‘: o! the o8
Conclusions: Implications for the Use of CSIA H
in EDB Attenuation Assessment Chlorlne ISO‘I’ODCS
, * Heraty et al., (0G., 30, 793-799
ifi is eff b Inall N . 4 ?. 2
Gearadation pathways studied to date. 1999) first showed that both
So far, the few biodegrading organisms examined exhibited ,Ch'omne and car:bon .were enrlchgd
no significant dempening of the isotope effect (e.., \ia in laboratory microbial degradation
e ! experiments of dichloromethane
Good perspective for the assessment of degradation of ED8 (DCM)_
by CSIA hods (if degradation were occurring at the site, . . . .
the isotope enrichments should be readily detectable) * Determination of the kinetic
Unlike in most traditional CSIA work, abiotic pathways fractionation factors for microbial
b idered iabl chani leading t 1 i
e i ol % Yyt
With C-CSIA data alone, differentiation of alternative b- a "g dm-
. degradation mechanisms may be difficult. Awaiting a '°9¢mc degf‘ﬂ ion PPOCCSSQS.
progress in Br-CSIA to permit dual C-Br isotope approach
~——m s

What can be done with Chlorine
Isotopes?

* First the stable isotopes are-3°Cl
(75.77%) and 37Cl (24.23%).

» Standard-SMOW but some
disagreement re. absolute ratio of
these isotopes in the OW

(SMOW-Standard Mean Oceen Water: OW Ocean Water)

Source Differentiation with C
and Cl| Isotopes

Each compound from each
manufacturer show aspecific
Isotopic composition oa € and Cl.
The variations between years
are due to changes in the
Isotopic compasition of
products used in the synthesis

e ' of PCE and TCZ.

e

Chikikw i

The idea wes to conduct this kind of .

survey study with TCE and PCE Y

coming from different manufacturers
(COW, PPG, ICI)...

etal, Jsss
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Cl Enrichment through Degradation

Study of Sturchio et al., (1998) evaluating the applicatien of Q1
isotope to follow the natural attenuation of TCE in conteminated
site. 57C1 of TCE increases with decreasing TCE concentration
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Methodology

For Cl, a novel method is
being that utilizes
regular 6CMS and measures
relative intensity of various

fragment ions,

These ions will vary depending
on the specific compound being
analysed. These values are
then measured relative to
standord somples whose Cl
isotope ratios have been
determined relative to the C1
standard ~-SMOW.

Shevehor-Stash et ol., Apphed Geochem. 21,766-781, (2006)

Chlorine CSIA: Instrumentation

Standard Injector

VOCGs sample
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Chlorine CSIA: TCE Analysis
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Analytical precision: §7Cl stdev of
the P&T peak vs. any of the
bracketing peaks is 0.2 or better.

Analytical accuracy: tied to §37C!
of the lab standard used for
bracketing.
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Perchlorate

Perchlorate taints water in 22 states. The main
sources of this contamination are users of
perchlorate salts: military bases, aerospace
installations, and defense contractors that build
rockets-such as the Massachusetts Miltary
Reservation on Cape Cod or Lockheed Propulsion in
Redlands, Calif., which manufactured rockets. A
small amount of perchlorate pollution in the U.S.
is believed to have stemmed from a sodium nitrate
fertilizer made in Chile.

Since 1992, EPA has recommended safe levels
ranging from 4 to 18 ppb

Perchlorate can cause adverse effects by blocking
the uptake of iodine by the thyroid

Presentation Overview

+  Introduction

. Methodom g wmuu-&whﬁgh Mode!-Bulk
Integration of GC, GCMS, GCIRMS data

Applications-Source Discrimination and
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FIELD DEMONSTRATION: AFCEE
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Reactive Transport Model (RTM)
Incorporating Isotope Fractionation

* Success and acceptance of MNA depends cn strong canceptual
oad

site model (CSM) documenting attenuation processes
contaminant mass removal using multiple lines of eviderce

For many sites, decreasing mass, the presence of intermediate
degradation products, low oxygen concentrations, and favorable
geochemical indicators (e.g., nitrate, sulfate, alkalinity etc.)
are sufficient to support selection of o full or partial WNA
remedy.

« In the cbsence of some or all of these lines of evidence, MNA

remedies can be difficult to implement,

CSIA provides strong evidence to support MNA assessment
and strengthen CSMs.

Potential Degradation Pathways for
Chlorinated Ethenes

Unsaturated 5oil zone

Confining layer: hydrogeological base
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Dilution vs. Dispersion for Chlorinated Key Parameters for RTMs
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Technology Description Technology Description
Reactive Transport Modeling o Reactive Transport Modeling of
Isotope Fractionatio Isotope Fractionation
+ RTMs tﬂnif simulation of complex reaction * A standard reactive transport model predicts
networks together with isotopic fractionation and concentrations of a contaminant degrading in a
accounting for J)hysical processes such as hydrogeologic transport network
hydrodynamic dispersion, diffusion, and sorption. + To J:redicf isotope ratios, !3C and 2C are
+ Identification of prevalent degradation pothways modeled as separate species
+ More accurate assessment of parent contaminant + 13C/'2C is obtained from absolute
*  Quantitative assessment of net concentrations of the isotopic species
degradation/accumulation of dechlorination integrated at specific XYZ coordinates
intermediates » The 13C and !2C kinetic degradation constants
are determined by calibration of the model
(best fit to the calibration data)
RTM Model and Software Platforms 51;ech ol : DEel‘sllcm' tion
* RTM model and software platforms used to develop modeing tools quent'a .~ or.nat.on
for CSIA interpretation include:
« PHREEQC - A one di jonal (1D) geochemical transport model
developed by the US Geological Survey (US6S). Net isotope effects of intermediates reflect
+ PHAST - A three dimensional (3D) groundwater flow and i i
model oap:blc of simulating th‘c sl:?:’ set of'v:ccfzns cmpégc their P’.Oduc"m and degradaﬁon.
PHAST couples PHREEQC to the groundwater flow and sdute cl ,H.
transport model HST3D. a. a k et
. - A three dimensional (3D) groundwater flow and transport s =
mboop:::e':fe simulating ?h(:ﬂ)m,n set of noc:':r: cs';:REEQC. ,C.LC‘ /Qt cL \!\_3
PHT3D couples PHREEQC to the groundwater flow model MODFLOW a ad TCE
ond the solute transport model MT3DMS. PCE H
= Python - A general purpose scripting language available fer free ﬁ‘ H He &
downlood, Algorithms written in Python scripts have been developed c= & c=¢
for this project to visualize output from modeling prograns. H cl, /QE Cly
- - ve ks cDCE
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Technology Description CSIA
for Degradation Intermediates
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« Transformation of TCE to ethene by BioDechlor Inoculum (BDI)
« C, O, Hisotope ratios collected
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Combined C+Cl+H isotope ratio data set on reductive dech orination
sequence was the first available.
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Technology Description

Reactive Transport Modeling of Isotope Fractionatin

TCE (mmold)

Cepth im)
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©
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B3 »e
Blumc dissancs
Conventional RTM simulates

&' CICE (%)
=

[hane dotanee
Isotope ratio RTM simulates

aver space (here: 2D),

Evaluates site scenarios with
alternative degradation rate
constants.

and isotope raties of
contaminants over space.
Evaluates site scenarios with alternative
degrad. rate constants and isotope
effects,

Reduced assessmL uncertainty: a match
of isotope ratios (model vs. field)
confirms that realistic assumption on
reaction pathways were used.




Model Simula'rion Results
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SUMMARY (/. %4
+ Stable isotopes provnde a powerful %{3 Col

complimentary tool for the correlation of
spilled products in the environment with
suspected sources.

Can be used to evaluate onset of natural
aﬂenuaﬂon and extent of degradation.

es can g‘ dy a valuable role in
ediation studies in furthering the
undersfandmg of degradation
mechanisms.
Can distinguish biogenic, abi ic
mechanisms from non-de, ogen
processes causing concen

ﬂon changes.
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SUMMARY

* 6C and 6CMS already widely used techniques
in forensic geochemistry

* For refined products, or those not containi
_biomarkers, need an alternative approach

+ Stable isotopes (C,H, and Cl) of individual
compounds are, and will continue to develop
as, extremely important tools for forersic
studies
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