ANALYSIS OF PERCHLORATE IN

DRINKING WATER, GROUNDWATER,

SALINE WATER, SOIL, and BIOTA BY
LC/MS

DoD Environmental Monmitoring and Data

——— Quality Workshop
DATA Reno, NV. May 12-13, 2004
=':E 'CHEM Lt et e e -

T rs Shens



lﬁlﬂlllf

.
I-

Agenda

# Instrumentation and Sample Preparation
# Perchlorate Identification

# Chromatograms in each matrix

¥ Detection and Quantitation Levels

# Method Validation

# Quality Control Requirements

DATA
-CHEM ........ e P .

LABORATORIES, INC

-'.'Jr‘}{.f ;U _:’-""}f o

oo



Instrumentation and Sample Preparation

#Agilent 1100
LC/MSD

#Mobile phase:
Acetomtrile, Water,
Acetic Acid

#Column: K’(Prime)
Technologies, Inc.
KP-RPPX geries
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Instrumentation and Sample Preparation

Matrix Sample Description

Dhinking Water (D'W) Laboratory Instilled Water
Conductivity = 1 nuS

Soil Soil

Biota Grass

synthetic Ground Water Laboratory Distilled Water with 1000 mg/L

(SGW) of chloride, sulfate, and carbonate.
Conductivity = 7700 S

Great Salt Lake (GSL) Water talen from the Great Salt Lalce and
diluted ten fold.
Conductivity = 21000 wS

N
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Instrumentation and Sample Preparation

Water samples are prepared by adding an aliquot of
sample to a 15-mL digposable centrifuge tube. An
appropriate aliquot of internal standard and glacial
acetic acid 1z added to each sample. Each sample 18
tiltered through a 0.45-pun filter mto an autosampler
vial for analysis.
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Perchlorate Identification

v Perchlorate at mass 83

Mass spectrometry 12 used to monitor Perchlorate at
mass 83, which 1z achieved by the partial
tragmentation of Perchlorate to remove an oxygen
atom. Using mass 83 elimmates known mterference
causged by sulfate at mass 99.
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Perchlorate Identification

v Perchlorate at mass 83

v" Perchlorate 83/85 Isotopic Ratio

v 180xvygen Labeled Perchlorate as Internal Standard
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Instrumentation and Sample Preparation

Soil samples are prepared by adding an aliquot of sample
and 10 mL of ASTM Type II water to a 15-mL
centrifuge tube. An appropriate aliquot ot internal
standards and glacial acetic acid 12 added to each sample.
The mixture 12 vortexed, sonicated for at least 10
minutes, and vortexed agam. If necessary, the sample 12
centrifuged. The extract 1¢ then filtered through a 0.45-
pum filter mmto an autogampler vial for analysis.
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Instrumentation and Sample Preparation

Biota (Plant) samples are prepared by uzing a sutficient portion (at least 10
grams) of gample and ground through a hand-operated stamless steel erinder.
ASTM Type II water 1z added to an aliquot of biota gample 1 a 50-mL
centrifuge tube. An appropriate aliquot of internal standard and glacial acetic
acid are added to each zample. The nuxture 1z vortexed and left overmght,
which allows for complete saturation of the sample. Prior to analysis, the
sample 12 vortexed again, then centrifuged at 3000 rpm for 30 minutes. A
portion of the supernatant 12 then drawn through an activated C18 column,
which removes a large portion of organic contaminants. The tinal extract 1s

then tfiltered through a 0.45-pm filter nto an autosampler vial for analysis.
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Perchlorate Identification

v" Perchlorate 83/85 Isotopic Ratio

Contfirmation of Perchlorate 1z obtamed using the
naturally occurring isotopic ratio of *°Cl to */Cl, which
18 3.065, to monitor the ratio of mass 83 and 85 from
Perchlorate.
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Perchlorate Identification

v 180xygen Labeled Perchlorate as Internal Standard

Isotopic 1*Oxvgen labeled Perchlorate 1s used as an
mternal standard and added to each standard and
sample. Thig internal standard 1 used for relative
retention tune contfirmation, monitoring mstrument
pertormance, and imnternal standard calibration.
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Chromatogram
Biota Matrix
(Grasg)

50 ug'Kg
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Chromatogram
Simulated
Ground Water
Matrix

1.0 ug/L
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Chromatogram

Great Salt Lake
Matrix

1.0 ug/L
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Perchlorate Detection and Quanitation Levels

Matrix MDL

Drinking Water 0.0339 ug/'L 2 ug'L
Soil 0811 ug'kg 2ug/'Kg
Biota (Grass) 1.92 ng/Kg 6ug kg
Simulated Ground Water 0.0507 ng/L 0.2 ug/'L
Great Salt Lake 0.0617 ug/L 0.2 ug'L
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Method Validation

v" Calibration
v Sensitivity
v Selectivity
v" Precision and Bias

v Robustness
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Method Validation - Calibration

A muumum of s1x calibration standards were used for mternal
standard calibration. Standard concentrations used to calibrate
were 0.2, 0.5, 1.0, 2.0, 5.0, and 10.0 ng/L. The mternal standard
of 1®Oxygen Labeled Perchlorate was at 5.0 pug/L. The standard
curve tor Perchlorate 1z established by plotting the ratio for
each standard/mternal standard area agamnst the concentration.

=— DATA
— a-'anEM | sl 108 B i I L .

S LABORATORIES, INC

.';z/rf B h:’-""}r,-:.:);

lL



Method Validation - Calibration

- Linear Fit: v=atbx ,
Perchlorate Internal Standard Calibration

3118104 No weighting used.
Correlation
Coefficient: (.9998
(Calibration

acceptance criterion
for the initial
calibration curveis a

+F correlation coefficient
JFE 000 zoo 40 Ep0 s00 tw0m 2 : & +
Perchlorate Concentration ug/L of 0.995 or lllgllEI*.
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Method Validation - Calibration

Residuals
oncentration Residual %o Residuals
pift?
0.20 305 -
- O . S S—
e
0.50 0.5 I |
udﬂ.d"’ |
1.0 3.5 |
o
2[:] 65 !:I'i'd:“l:ll]l:l I Jl:IlJ dl:IlJ 'Jllll:l 12.00
5.0 1.3
10.0 0.5
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Method Validation - Sensitivity

The MDLs for five matrices were calculated using
the procedures specitied by the USEPA. Seven
aliquots of a tortified spike or mdigenous level were
analyzed. The MDL 1z calculated by multiplying the
standard deviation of results by 3.143 (7 statistic).
The DW, SGW and Soil samples were spiked with
Perchlorate while indigenous levels of Perchlorate m
Biota and GSL were used to calculate MDLs.
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Method Validation - Sensitivity

Standard %R5D Ratio MDL

Deviation
DWW T lug/L 0.200 0.200 0.0103 540% | 5389 0.0339 0.20
Soil T |ug'Kg | 2.00 2.26 0.258 11.4% | 247 0.811 2.0
Biota T lug’kg | 4.49 4.49 0.609 153.6% | 234 1.02 6.0
{Grass)
SGW 7T |ugL 0.200 0.209 0.0257 12.3% | 2.48 0.0807 0.20
L T | ug/L 0.219 0.219 0.0194 8.06% | 3.55 0.0617 0.20
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Method Validation - Sensitivity

The MDLsg were additionally veritied by analysis of a
MDL veritication sample for each matrix. This
procedure 18 described m the DoD Quality System
Manual.
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Method Validation - Sensitivity

MDL Verification Concentration MDL Verification Result

Drinking Water 0.10 ng/L 0.11 ng'L,
Soil 1.0 ng'kg 1.0 ng'ke
Biota 23 ng'keg 1.6 ng'keg
SGW 0.10 ng/L 0.11 ug'L,
5L 0.11 gL 012 gL
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Method Validation - Selectivity

v" Perchlorate 83/85 Isotopic Ratio

v 180xygen Labeled Perchlorate as Internal Standard
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Method Validation - Selectivity

The ratio of 83/85 masses were monitored during this
study for all matrices analyzed by thiz method.

The results of following table and scatter plot shows a lower
83/85 mean ratio at low concentrations of Perchlorate. Based
on error of measurement associated with low levels and the
mmportance of confirming Perchlorate the 83/85 1zotopic ratio
statistical process control limits are set using £+ 2 standard
deviations at 2.2 to 3.3.
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Method Validation - Selectivity

Low Concentration Average: 2.59 Std Dev: 0.28
LcL): 1.74 ucLh 3.44
Med Concentration Average: 2.73 Std Dev: 0.32
LCL'): 1.78 ucLk 368
High Concentration Average: 2.89 Std Dev: 0.20
LCcLY): 2.27 ucLhk 3.50
Average Std Dev n LCLE] UcCL=
2.75 0.29 121 2.16 3.34
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Method Validation - Selectivity

3.B
3.4
3.2

83/85 Ratio

2B
2.4
4.2

2.8 1
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Method Validation — Precision and Bias

Validation studies for precision and bias were based on
NELAC 2003 Chapter 5 were generated for tive
matrices by analyzing samples over three consecutive
days at varymg concentration levels. The study analyzed
nine replicates tor each matrix on a daily basiz. The three
concentrations are at or near the lunit of quantitation, at
the upper-range of the calibration (upper 20%) and at a
mid-range concentration.
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Method Validation — Precision and Bias

To compare the variability of pertormance (precision)
the F-Test was pertormed on each matrix. Matrices were
evaluated based on concentration levels, combined daily
results and used to compare the precision of this method
on the five matrices.
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Method Validation — Precision and Bias

ItF =0.17 and F < 6.03, then the vaniability ot performance
tor this method with respect to concentrations i the same
matrix are not different.

Low vs. Med Low vs. High Med vs. High

Drinking Water 1.80 8.05 2.81

soll 1.18 3.52 2.08

Biota 0.38 1.88 4.98

SGW 2.70 9.79 3.62

5L 0.71 2.15 3.03
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Method Validation — Precision and Bias

It F =017 and F < 6.03, then the variability of pertormance
tor thig method with respect to daily analysis tor all
concentrations m the same matrix are not different.

Day 1 vs. Day 2 Day 1 vs. Day 3 Day 2 vs. Day 3

Drinking Water 1.59 1.589 1.00
soll 1.16 2.04 1.75
Biota 0.41 0.65 1.60
SGW 0.60 0.02 1.53
5L 1.69 0.67 0.40
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Method Validation — Precision and Bias

It F =040 and F < 2.55, then the vanability of
performance for thiz method with respect to matrix for all
concentrations on all days are not dittferent.

M atrix Soil

Matrix
Drinking Water 1.46 0.95 0.51 0.69

N
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Method Validation — Precision and Bias

The evaluation of method bias was accomplizhed by:

v Proficiency Testing

v" To compare the variability of means of each aqueous
matrix the Pawred ~Test was used

v" Comparision of sample analysis by 314.0
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Method Validation — Precision and Bias

Result 314.0 Result LC/MS True Value

Wis04-1

47.3 ng’L 51.2 ng'L 52.7 ng/L.

N

== DATA
=== CHEM

-"" LABORATORIES, INC

.'7/# B h:’f"}rfif

L



Method Validation — Precision and Bias

Comparigon of the varability of means ot each aqueous
matrix using the Pawred ~Test.d

- |t] < 2.479, the variability of means of each aqueous
matrix with respect to thiz method are not significantly

difterent.
Jn

Stdey Diffarence . vope o

t = Mean Differenoe oty

DW vs. SGW DW vs. GSL SGW vs. GSL
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Method Validation — Precision and Bias

Sample Matrix Result by 314.0 Result by L. C/MS Confirmation
Achieved
Water 04C00326 0.7é pg/L 0.87 pg/L Yes
Water 04C00327 0.37 pz/L 1.1 p=L Yes
Water 04C00328 1.8 pz/L 1.8 pz/L Yes
Water 04C00329 L6 peL 1.3 p=/L Yes
Water 04C00330 L6 pzL L4 pzL Yes
Water 04C00331 1.2 pg/L L5 pg/L Yes
Water 0402488 0.36 pg/L 0.40 pgL Yes
Water 04ED 1966 0.40 pg/L 0.41 pg/L Yes
Water 04C00732 1.1 p=L. 1.4 p=L Yes
Water 04C007T 36 L4 pz'L La pzL Yes
Water 04C00737 1.1 pg'L L4 peL Yes
soil 04C006TE 6.7 pe'Kg 4.5 pg'Kg Yes
Soil 04C00680 8.9 pg'Kg MND Mo
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Method Validation - Robustness

v" A single calibration curve was used for this entire study.
Results of CCV analysis during the validation study are used to
aszess the stability of the mstrument calibration. Calibration 1z
verified if the relative percent ditference 1z less than 15%.

v Ugze of ®*0Oxygen Labeled Perchlorate as an internal standard
has reduced calibration runs and eliminates worrigsome
variation i the mass gpectrometer due to matrix mterterences.
The mternal standard area counts are monitored and must be
within £ 30% of the daily calibration verification response.
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Method Validation - Robustness

Date/Time Result Nominal Value % Difference
41204 4:29 PM 10.45 10.0 4,50
412104 T:16 PM 1.005 1.00 0.5%
412104 2:48 PM 0,25 10.0 T.6%
41304 5:24 AM 0.998 1.00 0.2%
45304 11:52 AM 10.45 10.0 4.5%
41304 2:40 PM 0.949 1.00 5.1%
4/3104 5:12 PM 10.51 10.0 8. 1%
41304 T:44 PM 0.980 1.00 1.1%
41304 10:16 PM 10.66 10.0 B.6 i
414704 2:52 AM 11.008 10.0 10.1%
414i04 12:39 PM 1.027 1.0 2.0
4/4104 3:11 PM 10.14 10.0 1.4%0
414/04 5:43 PM 0.983 1.0 LT%
4/14104 §:15 PM 10.52 10.0 8.2
4/404 10:47 PM L.015 1.00 1.5%
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Quality Control Requirements

v MDL procedures to determine the sensitivity
based on accepted reference.

v" PQL determiations to establish the reporting
level for accurate quantitation.

v" Vahidation studies for specific matrices.
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Quality Control Requirements

v Instrument calibration should using at least five
levels of standards and having acceptability
parameters detined.

v Internal standard using *Oxygen Labeled
Perchlorate added to each standard and sample and
monitored to ensure mstrument pertormance.
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Quality Control Requirements

v Internal standard calibration used for quantitation.

v" The 1sotopic ratio of 83/85 for Perchlorate
identification 1z agsessed and statistical process control
limits are employed to ensure identification.

v Retention time of mternal standard and Perchlorate are

monitored and a retention tume window of no more than
0.3%.
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Quality Control Requirements

v Calculated Control Limaits for LCS.

v" Batch QC should include at a minimum method
blanks and laboratory control samples and, it the
project requires, both matrix spikes and matrix
spike duplicates should be analyzed.
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Conclusions

Thig method has been validated to analyze samples mn

drinking water,

soil, biota, ground water and saline water.

Any analysis of Perchlorate with positive results without
hustorical support should be analyzed to confirm the identity of
Perchlorate usimg a mass spectrometry techmque.
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