Determination of Low Level
Perchlorate in Environmental
Media.
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Traditional Approach Problems

Analysis of perchlorate by Ion Chromatography with
Suppressed Iomzation Conductivity Detection 18 not
sutticient for low level analysis 18 complex environmental
matrices.

Leads to false positives and negatives (chromatography
RT 1¢ the only distinguishing characteristic).

Deilonized water MDL ¢ are not applicable to complex
environmental matrices.




Analytical Solutions

* Multiple avenues are pursued to improve
and achieve realistic DL s

 We have focused primarily on
preconcentration and interference removal
treatments

« ICP-MS and ESI-MS are also under
preliminary mvestigation
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Current Analytical Systems

« IC Separation and Conductivity Detection

* Dionex-100 with up to 1 mL sample mnjection
— DL of approximately 1 pg/L by EPA method.

» Dionex-300 with 10 pL sample mnjection
— DL of approxumately 200 pg/L by EPA method.

« Literature reports of DL as low as 0.6 pg/L for 1
mL 1njections.
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Conductivity Detection with 500 uL Injection Loop
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Conductivity Detection with 1000 L Injection Loop
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1 mL Sample Injection

250 ppb CIO, in 10% NaCl
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Natural Matrix Interterences 1n
Chromatography

* 10 % NaCl 18 not completely realistic for
most natural matrices (Great Salt Lake), but
shows worst case senario.

*

However, our sample preconcentration
methods use from 1 to 10 %o ‘salt’
extractants (e.g. NaCl, NaOH, Na,PO,)

Theretore, the need for sample cleanup
treatment
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Preconcentration Scheme

L

1. Filter large volume
of water sample (100 to 1000 mL)
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~5ml

Problem: Limted exchange
capacity- competing 1ons at orders
':H magnitude ]]._‘lghEl' concentrations T

m natural matrices. volume to concentrate g
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SAX extraction flmd 1% NaOH

Analysig by 10 gL mjection loop

Detection Limits for Delonized Water using Preconcentration

= A il er

Fepicates (pob)
nitial Concentration 1 2 3 4 o 7 |&werange | stoey b DL gk Recowery
2 ppk 2.38 213 177 2.2 1.64 1.83 1.54 1.4 Q.26 082 99.245%
[ gk 1E=T 0.54 0.65 075 1.0 0.8 n.&l 0.75 014 043 TVVE%

1 liter itrations
10 uL injection loop

mL mjection loop gystem. Future work 1 focusing on
Na,PO, extraction fluid to allow analysis on the 1 mL
mjection loop system.

1% NaOH perturbs the chromatography system on the 1
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Sodium Phosphate Extractant

Calculated
Filtrate rMeasured
Concentration Solution Solution
in Extractant | Extractant | Filtration |copcentration| Concertration | FECOWERY
Extractant (0L volume (mb) | Yolume { 1oL fuciL) (%)
2% Sodium Phosphate 1111 2 230 22,22 1933 114, 93%
10% =odium Phosphate 1162 2 23l 23.24 1933 120.21%

Imitial results showing good recovery on 1 mL mjection loop

Thig 18 the focus of our future work combiming
preconcentration and larger sample mjection loops.




Sample Cleanup Treatment

0.45 pm filtration
to remove gedunent

Acidify with HCI /

(pH < 4) and sparge
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Filter through Dionex
Silver Cartridge to
remove chloride

» Analyze by IC-CD
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Removal of Interfering lons by Treatment Process
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Detection Limits in Natural Waters

Crovndater o face Water
Feplicate Extractant Calculated Extractant Calculated
Concentration molution Concertrati on molution
(gl Concertration (gL Concentration
(=L (el

1 3.50 70.06 0.85 16,90
2 3.69 7381 0.1 1612
3 3.39 6775 0.&3 16,59
4 3.5 F.33 0. &7 17.40
& 3.52 70.35 0.&7 17.40
f 3.54 T0.83 0. &0 16. 04
7 3.64 7363 0.77 1546

Averagel,, ) 7097 16,55

Solution 70 15

Concentiati on

(,aL)

Yo Fecovery 101%% 111%;

atatidard 213 075

Dresnation

(el

MDL (,2/1) 6.7 24

WIDL Study and Besults for Spiked Groundweater (70 pefT solution, 200 ml filtration volurae, 4l extraction volurae) and
ourface Water (15 pg)T solution, 200 ml. filtration volurae, 4 L extraction woluree). Snalysis with 10 pl mjection loop.
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Ongoing Analytical Work

» Combination of preconcentration (with
treatment process) using sodium phosphate
extractant

— Possibly develop a treatment tor phosphate
(Cobalt precipitation?)
» Extension to Mass Spectrometric techniques
— IC- ESI- and ICP-MS
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Development of Complimentary MS
Techniques

o [C-ESI-MS
— Detection hmaits reported ~ 0.05 ug/L
— Monitor loss of smgle oxygen (m/z 99 +83)
« JC-ICP-MS
— Expected detection limits higher than ESI-MS

— ICP-MS difters from ESI by ‘complete’
decomposition/ionization m the plasma (m/z 35)

— m/z 83, 67, 51 are not obgerved
— “Plasma loading’ 1¢ signiticant — 100 mM NaOH

« Combination of all techniques (preconcentration.
large mnyection loop, MS detection) otfers
possibilities.
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HPLC-ICP-MS

+ One Corps, One Regiment. One Team . .. Serving Soldiers, the Army. the Nation



IC-ICP-MS Chromatogram of 10 ppm Perchlorate
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