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Perchlorate
Contamination In the United States:
Historical

March 28 — April 1, 2011 + Arlington, VA

Military and Aerospace Issue Limited Sources

» Rocket Testing

e Hog-Out
e Manufacturing
e Training Areas
e OB/OD Areas
e Few Commercial Sites




Perchlorate Detections In Food

(US FDA)

Food Group Number of Average Residue

Samples (ppb)
Lettuce 137 10.3
Milk 125 5.81
Tomatoes 73 18.7
Spinach 36 115
Greens 14 92.4
Cabbage 13 8.80
Cantaloupes 48 28.6
Carrots o9 15.8
Green Beans 19 6.12
Broccoli 14 8.49
Grapes 12 8.58

Map sou




Other (Non-Military)
Sources??

Natural Perchlorate
Chilean Caliche — Atacama Desert

- natural nitrogen fertilizer

2. Mineral deposits — Death Valley, CA
3. Southwest soils and groundwater

80;\ B‘s
A & :
i g Q) > B. Other Anthropogenic
CHILI g7 :
o 1. Fireworks
o oo | &usficuay 2. Road Flares
3. Perchloric Acid and Reagents
4. Chlorate (herbicide)
5. Chlorine Bleach
A
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Natural Perchlorate
In the USA $SERDP

DOD = EPA = DOE

Indigenous Perchlorate

* Natural nitrate deposits

* Perchlorate in soils

* Perchlorate in groundwater & rainwater
+ Atmospheric formation with O,
« Other mechanisms - UV, TiO,

Death Valley Nitrate Deposits

concentration
site nonsoluble fraction clo, Cl- NO,-N S0,

~ Death Valley % mg kg™! g kg™!

. Confidence Hills 1 NA 0.25 320 1.8 72
Confidence Hills 2 49 0.85 180 5.5 100
Saratoga Hills 78 0.95 63 5.9 23
Bully Hill 62 0.82 80 28 6.5
Zabriskie 64 1.7 140 4.4 39

42 243 80 12 57
50 328 456 dd 84
13 113 50 15 51

51 132 61 22 51
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Perchlorate Plume West Texas —
Southern High Plains
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A Can You Distinguish Natural from
J Synthetic Perchlorate?

March 28 — April 1, 2011 + Arlington, VA

Stable Isotope Ratio Analysis of Chlorine
and Oxygen in Perchlorate

Other Lines of Evidence

- 36Cl Analysis

- Groundwater Dating

- Co-Contaminants .
- Other Geochemical Data |

10
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Methods developed for analysis of both chlorine and oxygen
isotopes in perchlorate. Dual isotope comparisons possible.

Analyzed by IRMS with a precision of about + 0.1 to 0.4%o

Sample preparation is critical. Methods have been
developed to collect, recover, and purify perchlorate.

Elements in a compound can have widely Hydrogen H, 2H

different isotopic ratios based on mode of Oxygen 160 170 180

formation (e.g.,20 in NO; from nitrification

vs. atmospheric). Stable isotope ratios can Carbon 12C, 1°C
provide a unigue “fingerprint” Chlorine 35C|, 37Cl
Nitrogen 14N, SN

Sulfur 325 3485
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March 28 — April 1, 2011 + Arlington, VA

Sample Collection (5-10 mg)

ClO, on IX
resin (NOj,
S0,%, ReO,)

Preserved with HCI
and 4°C

Sample Extraction & Purification

u —e— Perchlorate
—A— Nitrate
20000 [ A-A\ /LA —B— Sulfate
A \A_
A LA
A
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5000 \A\
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Leach with 4M HCI to
remove NO;- & SO,%,
CO,- & some humics
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¥
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Py
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Bed Volume

Leach with 1M FeCl, +

4MHCI (FeCl,) -collect fractions

4

Weigh crystal

8180: Combust to CO

(8180 & Al70): decompose to O,
IRMS (CO & O,)

Measure yields

Determine O isotope ratios

1

Verification of Purity

Weigh crystal

Combust to Cl salt
Convert to CH,CI

Purify via GC

IRMS

Determine Cl isotope ratio

T T T T
Sample-1 2 a

Sample-2 ~

Sample-3

937

627

Intensity (a.u.)

1110
1085

M g

k
332

800 600 400

Raman shift (cm)

1200 1000

* Neutralize -Remove FeO,

* Concentrate ClO, supernatant

* Filter unwanted precipitates

* Crystallize CIO, as CsCIO, or KCO,
* Wash crystals with MeOH

t Impurity detected '

Crystal morphology
lon chromatography(lg sample)
Micro-Raman spectroscopy



Terminology:
Stable Isotope Ratio Analysis

March 28 — April 1, 2011 + Arlington, VA

Terminology:

*Isotopic compositions of light elements are generally reported as “delta” ()
values in parts-per-thousand (denoted “%o” = per mil) deviations
(enrichments or depletions) relative to a known standard

Equation 1. & (in %0) = (R,/R-1) * 1000
R =ratio heavy/light isotope (e.g., 3’CI/3°Cl)
Rx = sample (e.g., 3’CI/3*Cl in environmental sample)
Rs = standard (e.g., 3’CI/3°Cl in chlorine standard “SMOC")

* Example: 83’Cl = + 30 %o

30 parts-per-thousand (3 %) more 3’Cl in sample relative to a known
standard (Standard Mean Ocean Chloride; SMOC).

(180 = SMOW)

13
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&837Cl and 8180

7& gorensic Isotopic Analysis: Chilean vs. Synthetic

March 28 - April 1, 2011
Arlington, VA

marui 2 = Apin 1y cu - mcniigton, VA
5.0 Chlorine markedly
“heavier” in synthetic
2 k/laillli)t(;rr?/tory e perchlorate (n = 43).
0.0 o horbiddes §%Cl: 0.5+ 1.0
#  Fireworks 5180: -17.5+ 2.7
—~ V¥ Road Flares -
—_ X Taiwanese
£ 91  Ssynthetic W Natural (Chile)
@
= Oxygen consistently
o 10 “heavier” in natural
o’?go (Chilean) perchlorate
(n =13).
-15 |+
Natural-Chil dCl: -12.6 + 1.5
atural-Chilean
180)- _
20 | | | (Miqeral & ferti‘lizer)‘ 6°0: -6.7+£ 2.2

-30 -25 -20 -15 -10 -5 0 5 10

5'°0 (per mil)




orensic Isotopic Analysis: Chilean vs. Synthetic
A1’0O and 6180

March 28 - April 1, 2011
Arlington, VA
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12 ‘ ‘ ; i i i 1
10| 31’0 = — 0.52 x 8180
80 | A170 = §170 -0.52 x 8180 (= 0O)

E 6.0 H

E.; 4.0 N

:O 20 B _

< N Synthetic perchlorate
0.0 fractionation - “mass dependent”
20 1 fractionation (n = 43)

AY0O: 0.01 +0.06

Ao | | | | o Range: - 0.24 to 0.11

-30 -25 -20 -15 -10 -5 0 5

§°0 (per mil)
Bohlke, J.K., N.C. Sturchio, B. Gu, G.M. Brown, |. Horita, W. A.
Jackson, ]. Batista, and P. B. Hatzinger. 2005. Perchlorate isotope
forensics. Analytical Chemistry, 77; 7838-7842.
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5.0

0.0

-5.0

-10

HCan You Differentiate Synthetic Sources?

- Oregon i
Utah  Nevada China
26 -24 -22 -20 18 -16 -14 -12

-10

There are some isotopic
differences between
manufacturers — but only Iin
180_

H,O is the source of oxygen in
synthetic perchlorate and 180
in H,O varies globally.

Small dataset

- batch to batch variation?

- variation with time?

- different “sources” in products
(e.qg., flares)?
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Anthropogenic
Long Island, NY
Amherst, MA

Edwards AFB, CA
Henderson, NV
Southern California (2)
Elkton, MD

Dahlgren, VA

Israel

Chilean Fertilizer
Long Island

Southern California (3 )
New Jersey

Mixtures.:
Southern California (2)

Isotope Results: Groundwater Data from
Various Sites Compared to Chilean and

§3’Cl (per mil)
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Comparison of 83’Cl and 880 of
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Synthetic Sources

Comparison of 180 and A'70 of
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5°'Cl (per mil)

A
o
I

6o
o
I

Comparison of 83/Cl and 880 in perchlorate from
indigenous US sources with Chilean and synthetic
perchlorate.

Indigenous Perchlorate:
837Cl and 810

8.0 F

»
o
\

Synthetic

o
o
T

N
N
|

Chilean caliche & fertilizer, and

-20 | | | | |

1. There are multiple signatures
for natural perchlorate but all
are readily distinguished from
synthetic sources via 3’Cl and 180.

2. West Texas vadose (soil)
perchlorate has a similar
Isotope signature to that in
West Texas & NM groundwater.

-30 -20 -10 0 10 20

§'°0 (per mil)
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Comparison of A0 and 680 in perchlorate

from indigenous US sources with Chilean
and synthetic perchlorate.

20 T T T \
AYO: 12.7 + 4.2
15 1
= Chilean ath Valley
E 10| caliche .
|-
o
o
-
O 50
—
<
0.0 RIS -
Synthetic
_5.0 | | | | |
-20 -10 0 10 20

5'°0 (per mil)

30

Indigenous Perchlorate:
Al’0O and 680

1. Like Chilean samples,
Death Valley deposits have
significant excess 17O

in perchlorate.

2. SHP soil and groundwater
has only slight 81O excess —
no difference between
saturated and unsaturated
zone??

3. Understanding the origin
of natural perchlorate (and
the resulting isotope values)
Is currently the subject of
significant research.

$SERDP

DOD = EPA * DOE




Perchlorate generated with O,

erchlorate Origin - Wh

20 - ocr+o ® il
3 A
5 15 B
Marc:ﬁ?ﬂ;gﬂ:ﬂvk 2011 A C|02 + 03
MAIVI U = AN 1, £V 1] 'r-\lm'lgton, VA ‘ é Atas:,ama caliche/ A Death Valley
‘ < 10} fertilizer caliche |
4 & N A
]
S 50 -
Understanding of Natural Perchlorate Origin: <
Why is A0 so low in SHP Perchlorate ? 0.0 [ OGRS Co .
Synthetic solids West Texas
(1) Different reaction mechanism and/or location. S0 T 0 10 o 10 2 =0
- Ozone vs. UV reaction? 80 (per mil)
] o ( .
- What does 3¢Cl tell us? _ of T T T T T T T ]
A
(2) Post-depositional modification.
15 - B
- Does oxygen in perchlorate exchange E acamacalichel A Death Valley
with water? = 10| A |
. . A
- Role of plants or microorganisms? g‘/ w
S5 50 . .
< OCI" + UV
Clo, + UV
0.0 4‘ “— u—
Synthetic solids West Texas ¢
_50 | | | | | | |

-30 -20 -10 0 10 20 30 40 50
§"°0 (per mil)




36C| Analysis
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100000 3
35 C I 36 C I 37 C I ] Southwest US

10000 4
34.96885 . 36.96590 ]
75.77% ||1=301000yrs (54 230, ~ 1000 |
Stable Cosmogenic/ Stable ?3 ]

anthropogenic - 100 7 O

: . O ] N
Long-lived radioisotope S 10
produced in the stratosphere from “°Ar " ]

VP 1 Atacama Svntheti
(TY2 = ~ 301,000 yrs) 1 o Synthetic
36CI/Cl = ~ 700 x 1015 o T

-20 -15 -10 -5 0 5 10
Analyzed by Accelerator &37Cl (%o)
Mass Spectrometry (AMS) 1. Southwest perchlorate (SHP and

DV) significantly enriched in 36CI —

Analyzed purified perchlorate samples Irrespective of §170.
- Southwest US
- Atacama 2. Suggests significant component of
- Synthetic young” atmospheric perchlorate.
Sturghio N.C., Caffge M.R., Beloso A. D., Heraty L.J., BO_'h/ke J.K., Gu B., Jackson W.A., 3 Atacama mOSt I|ke|y “Old” atmOSpheriC
Hatzinger P.B., Heikoop J.R., and Dale M., 2009. Chlorine-36 as a tracer of p erc h I orate

perchlorate origin. Environmental Science & Technology 43, 6934—6938.
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Arlington, VA

»When perchlorate is detected at low
concentrations (< 10 ug/L) in groundwater,
natural sources should be considered.

» Isotope analyses (837Cl, 6180, 8170 and
36CI/Cl) can be used to distinguish between
synthetic and natural sources — Four
iIndependent measurements.

»Natural perchlorate (from Chilean fertilizer
and from “indigenous” sources) has been
detected in numerous wells in the US via
Isotope analysis.

»A “Guidance Manual” for perchlorate isotope
sampling is presently under development by
SERDP/ESTCP.




Contact Information

Paul Hatzinger, Ph.D.
Shaw Environmental Inc
Paul.hatzinger@shawgrp.com
1-609-895-5356

March 28 - April 1, 2011 « Arlington, VA ER-0509 Project Team

Neil C. Sturchio, Ph.D. John Karl Bohlke, Ph.D. Baohua Gu, Ph.D.
University of lllinois at Chicago ~ US Geological Survey Oak Ridge National Lab
Chicago, IL Reston, VA Oak Ridge, TN

Tel. (312) 355-1182 (703) 648-6325 (865)-574-7286
sturchio@uic.edu jkbohlke@usgs.gov gubl@ornl.gov

We gratefully acknowledge SERDP and ESTCP for supporting this work

©SERDP ©ESTCP




