Trace-Level Analysis Of Perchlorate
by IC/MS

Presented by

Johnson Mathew - US EPA Region-6
Dr. Joe Hedrick — Agilent Technologies
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Need for Trace Level Perchlorate
Analysis

* Trace level Perchlorate analysis has driven
conventional methods (EPA 314.0) to the
edge

* In high matrix interferences (Tbs = 3000ppm), it

is difficult to accurately measure Perchlorate
by conductivity detection below 1 ppb

* A collaborative study between these three
organizations has developed a method
which will show.....
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Goals And Solutions For
IC/MS Analysis Of Perchlorate

« Simple and rugged
— External standard method (within EPA 314)
— Single stage MS (quadrupole)
— 4mm column, (Flow rate < 1mis/min)

« Accurate and precise to 1part per billion (ppb)
— MDL < 100 parts per trillion (ppt)

— Must be able to meet QC for prolonged unattended
operation
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The Bottom Line

* Precision, Sensitivity and Accuracy
 RSD <4% at 1ppb for both m/z 99 and 101
« MDL~70 parts per trillion (ppt)

« >90% Recovery for Spikes at
0.5 and 1 ppb in heavy matrix and real samples

 Reliability for High Through-Put
Laboratories

* Meets standard QC procedures over
24 hour period
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Instrument Set - Up

« Metrohm Advanced IC
— 100 uL loop injection
— Column: MetroSep ASUPP-5 (4mm x 100mm)
— Eluant: 30mM NaOH + 30% Methanol
— Flow rate: 0.8 ml/min with NO SPLITTING.

* Agilent 1100LC/MSD ESI

— Negative mode “auto-tune”

— Veap = 1400V, Drying Gas = 9L/min@320 C.
— Nebulizer Pressure=20 psig.
— Fragmentor =140 V.
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Metrohm Advanced Modular IC — Agilent 1100 MSD
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Picture of Instrument Set-up
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Experimental Conditions

Metrohm Advanced IC

e Metrohm Modular IC

— Metrohm 818 Dual Piston Pump

— Metrohm 820 IC Separation Center

— Metrohm 819 IC Detector

— Metrohm 833 Suppressor Module

— Metrohm 788 Ultra Filtration Auto Sampler
— Metrohm 830 Interface with ICNet Software
— MetroSep ASUPP 5-100 Column + RP Guard
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The Samples

 UHP water matrix (18meg Q)

« Simulated Matrix
 Low Matrix = 200ppm each of CI-', CO,%, SO,?*
 Mid Matrix = 500ppm each of CI', CO,%, SO,?
* High Matrix = 1000ppm each of CI-', CO,;%, SO,
« “Real World Samples” submitted by
customers
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Calibration Data for MSD
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Calibration Data (m/z 99)

perchlorate 101, MSD1 99
Area = 143840.996*Amt -2810.7345
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Calibration Data (m/z 101)

Correlation: 0.99874

perchlorate 99, MSD1 101
Area = 44472.7433*Amt -1931.1962
Area | Rel. Res%(4): -3.377
200000 —
150000 —
100000 —
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0 _
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‘ | |
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Range for
Calibration Standards
0.1ppb to 10ppb (CIO,-)
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Chromatography
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Total lon Chromatograms (TIC) Calib.
Standards and Blank

MSD1 TIC, MS File (ICDATA~N\ICBLK1D\IC000001.D) API-ES, Neg, SIM, Frag: 140, "neg sim"
MSD1 TIC, MS File (ICDATA~N\ICBLK1D\IC000002.D) API-ES, Neg, SIM, Frag: 140, "neg sim"
MSD1 TIC, MS File (ICDATA~N\ICBLK1D\IC000003.D) API-ES, Neg, SIM, Frag: 140, "neg sim"

( )

( )

( )

MSD1 TIC, MS File (ICDATA~N\ICBLK1D\IC000004.D) API-ES, Neg, SIM, Frag: 140, "neg sim"
MSD1 TIC, MS File (ICDATA~N\ICBLK1D\IC000005.D) API-ES, Neg, SIM, Frag: 140, "neg sim"
MSD1 TIC, MS File (ICDATA~N\ICBLK1D\IC000006.D) API-ES, Neg, SIM, Frag: 140, "neg sim"

35000 —

] Calibration Range from
0.1 ppb to 10.0 ppb

25000 —
20000 —

15000 —

10000 #ﬂ
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0.79 ppb Standard

MSD1 99, EIC=98.7:99.7 (ICDATA~NICBLK1D\IC000004.D) API-ES, Neg, SIM, Frag: 140, "neg sim"
MSD1 101, EIC=100.7:101.7 (ICDATA~N\ICBLK1D\IC000004.D) API-ES, Neg, SIM, Frag: 140, "neg sim"

10000 7
9000 7
8000 7
7000 7
6000 —
5000 7
4000 7
3000 7

2000 |

M/z = 99

M/z = 101

14 16 min|
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Replicates - TIC 0.5 ppb Standards

MSD1 TIC, MS File (ICDATA~1\ICBLK1D\IC000003.D)
MSD1 TIC, MS File (ICDATA~1\ICBLK1D\IC000009.D)
MSD1 TIC, MS File (ICDATA~1\ICBLK1D\IC000013.D)
MSD1 TIC, MS File (ICDATA~T\ICBLK1D\IC000014.D)
MSD1 TIC, MS File (ICDATA~1\ICBLK1D\IC000015.D)
MSD1 TIC, MS File (ICDATA~1\ICBLK1D\IC000016.D)
MSD1 TIC, MS File (ICDATA~N\ICBLK1D\IC000017.D)

13000
12000

11000

10000

9000 —

8000 —

7000 +

API-ES, Neg, SIM, Frag:
API-ES, Neg, SIM, Frag:
API-ES, Neg, SIM, Frag:
API-ES, Neg, SIM, Frag:
API-ES, Neg, SIM, Frag:
API-ES, Neg, SIM, Frag:
API-ES, Neg, SIM, Frag:

140, "neg sim"
140, "neg sim"
140, "neg sim"
140, "neg sim"
140, "neg sim"
140, "neg sim"
140, "neg sim"

12 14 16 min
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Extracted lon Chromatograms for
0.5 ppb standard

SD1 99, EIC=98.7:99.7 (ICDATA~MNIC
SD1 101, EIC=100.7:101.7 (ICDATA

8000 ;
7000 ]
6000 ;
5000 ;
4000 ]

00000

00000
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Results of UHP Water Fortified with
Perchlorate

% %
SAMPLE TRUE PPB | Recovery | PPB | Recovery [ [ 0.5 ppb replicates

D CONCENTRATION |(W/Z =99)| (m/z99) |M/Z=101)| @m/z101)

05 PPB 0480 0487 10146% 0519 108.13%
05 PPB 0480 0477 9938% 0471 98.13%
05 PPB 0480 0460 9583% 0490 102.08%
05 PPB 0480 0477 9938% 0492 10250%
05 PPB 0480 0520 10833% 0505 10521%
05 PPB 0480 0494 10292% 0509 106.04%

Average 0480 0486 10122% 0498 103.68%
Std. Dev 0020 0042 0017 0035
4.18% 4.18% 341% 341%
% % .
SAMPLE TRUE PPB Recovery PPB Recovery 1 'o ppb repllcates

D CONCENTRATION |(W/Z =99)| (m/z99) |M/Z=101)| m/z101)

10 PPB 0.780 0.756 9692% 0.768 9846%
10 PPB 0.780 0810 10385% 0830 10641%
10 PPB 0.780 0776 99.49% 0772 98.97%
10 PPB 0.780 0.799 10244% 0.754 96.67%
10 PPB 0.780 0.788 10103% 0.768 98.46%
10 PPB 0.780 0.792 10154% 0807 10346%

Average 0.780 0.787 10088% | 0.783 10041%

Std. Dev 0019 0024 0029 0037

| RSD | 240% 240% 370%  370%
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Synthetic Matrix Spikes Overlaid
with 1ppb Standard

o0 ®
0000
O O

IC000047.D) API-ES, Neg,

CBUOITOALD) A125 1 S oy 1670 No Matrix

200ppm CI, CO;, SO,
500ppm CI, CO,, SO,
1000ppm CI, CO,, SO,
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Single lon Chromatograms of High

Matrix Spik
0048.D) API-ES, Neg, SIM, Frag: 140, "neg sim"
C000048.D) API-ES, Neg, SIM, Frag: 140, "neg sim"

00000

00000

00000

00000

1C=98.7:99.7 (ICDATA~1\ICBLK1D\ICO0
EIC=100.7:101.7 (ICDATA~N\ICBLK1D\I

m/z = 99

m/z = 101
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1000ppm each of CI-, CO,%, SO,# in !
Matrix + 1ppb Perchlorate (m/z 101)

(ICDATA~N\ICBLK1D\IC000

22222

00000
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Results of Matrix Fortified with Perchlorate

Z Yo
TRUE PPB Recovery PPB Recovery
SAMPLE ID CONCENTRATION | (M/Z=99)| (m/z99) | (MZ=101)| @m/z101)
200 PPM EACH OF CL,CO3 & S04 0.780 0.799 102.44% 0.784 100.51%
500 PPM EACH OF CL,CO3 & S04 1000 0.804 80.40% 0.808 80.80 %
1000 PPM EACH OF CL,CO3 & SO4 1000 0.930 93.00% 0.940 94.00 %
200 PPM EACH OF CL,CO3 & S04 0.780 0.700 89.74% 0.770 98.72%
500 PPM EACH OF CL,CO3 & S04 1000 0.870 87.00% 0.860 86.00 %
1000 PPM EACH OF CL,CO3 & SO4 1000 0.973 97.30% 0.986 98.60 %
200 PPM EACH OF CL,CO3 & S04 0.780 0.810 103.85% 0.796 102.05%
500 PPM EACH OF CL,CO3 & S04 1000 0.851 85.10 % 0.846 84.60 %
1000 PPM EACH OF CL,CO3 & S04 1000 0.990 99.00 % 0.977 97.70 %
BLANK 0.000 0.000 0.000
CC 1.0 PPB 0.780 0.747 95.77% 0.742 95.13 %
200 PPM EACH OF CL,CO3 & SO4 0.780 0.799 102.44% 0.777 99.62 %
500 PPM EACH OF CL,CO3 & S04 1000 0.920 92.00% 0.921 92.10 %
1000 PPM EACH OF CL,CO3 & S04 1000 1000 100.00% 1040 104.00 %
200 PPM EACH OF CL,CO3 & SO4 0.780 0.860 110.26 % 0.830 106.41%
500 PPM EACH OF CL,CO3 & S04 1000 0.930 93.00% 0913 9130 %
1000 PPM EACH OF CL,CO3 & S04 1000 1090 109.00 % 1050 105.00 %
200 PPM EACH OF CL,CO3 & SO4 0.780 0.800 102.56% 0.850 108.97%
500 PPM EACH OF CL,CO3 & S04 1000 0.890 89.00 % 0.904 90.40 %
1000 PPM EACH OF CL,CO3 & S04 1000 1040 104.00 % 1070 107.00 %
Average 96.67 % 97.10%
Std.De v 0.082 0.080
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Recovery for Matrix Set
20 samples over 7 hours
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“Real World Samples”

metronm-peak a
ion chromatography

Agilent Technologies



Sample and Sample Spike

(with Sulfonate Detergents)

852 mV

Perchlorate
Spike

Sample with
Sulfonate
Detergents

Sulfonate Compounds
Elute in the same
Region as CIO,'-
Causing interference
For Conductivity
Detector

1 2 4 YV

6 1 8
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Sample and Sample Spike
(with Sulfonate Detergents)

MSD1 TIC, MS File (ICDATA~N\ICBLK1E\IC000032.D) API-ES, Neg, SIM, Frag: 140, "neg sim"
MSD1 TIC, MS File (ICDATA~N\ICBLK1E\IC000033.D) API-ES, Neg, SIM, Frag: 140, "neg sim"
20000 ]
19000 ]
18000 ]
] Sample 0.35ppb +
, 1ppb Spiked CIO,
17000 —
16000 ]
15000 ]
’ Sample 0.35ppb
14000 CI()4-
13000 M f\
| ! ! ! \ ! ! | ! ! ! \ \ ! ! [ ! ! ! [ ! ! ! [ ! ! ! [ ! ! !
4 6 8 10 12 14 16 min

IC with Mass Spectrometer
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Green Leafy Vegetables ....
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Lettuce and Spike

MSD1 TIC, MS File (ICDATA~NICBLK1E\IC000037.D)

MSD1 TIC, MS File (ICDATA~NICBLK1E\IC000039.D)
35000 —
30000 —
25000 —
20000 —
15000 —
10000 —

I
2 4

API-ES, Neg, SIM, Frag: 140, "neg sim"
API-ES, Neg, SIM, Frag: 140, "neg sim"

Lettuce extract + 8ppb — >
Perchlorate Spike

Lettuce extract
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Single lon Chromatograms of
Lettuce Spike

MSD1 99, EIC=98.7:99.7 (ICDATA~TICBLKIEUC000039.D) API-ES, Neg, SIM, Frag: 140, "neg sim"
MSD1 101, EIC=100.7:101.7 (ICDATA~N\ICBLK1E\IC000039.D) ~ API-ES, Neg, SIM, Frag: 140, "neg sim"
25000 |
20000 |
15000
10000
5000
0 —
| | | | ! | | | |
2 4 6 8 10 12 14 16 min
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Results of “Real World Samples”

Sample Submitted by Me trohm-Peak Customer
Perchlorate Data
Actual | m/z99, | m/z 101, | m/z99, m/z10 1,

Sample ID | ppb ppb ppb |recovery| recovery Notes
Sample-1 | 0.50 0.44 0.51 88.00% | 102.0% 0.Sppb in Distilled Water
Sample-2 1.00 091 101 91.00% | 100.7% 1L.Oppb in Distilled Water
Sample-3 100 0.95 100 95.16% 99.7% 1.0ppb in Tap Water
Sample-4 | 042 041 0.43 9733% | 102.1% ground water w/0.42ppb

Unknown value, but sample is

Sample-5 M?M? 0.00 0.00 loaded with Sulfonate surfactants
Sample-6 | 035 030 033 86.93% 95.0% ground water w/035ppb
Sample-6A| 135 118 136 87.41% | 100.6% Sx-6 + 1ppb spike

Sample-7 | 0.00 0.00 0.00 100.00% | 100.0% | ground water w/ no Percholrate
Sample-8 | 0.00 0.00 0.00 Lettuce extract
Sample-9 | 7.92 7.35 741 Lettuce extract spike
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Carry Over ....
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500 ppb and sequentlal blank

MSD1 TIC, MS File (ICDATA~NICBLK1E\IC000052.D) API-ES, Neg, SIM, Frag: 140, "neg sim"
MSD1 TIC, MS File (ICDATA~NICBLK1E\IC000053.D) API-ES, Neg, SIM, Frag: 140, "neg sim" '

18000 500ppb Perchlorate
std in 3000ppm >
Matrix
16000 —
14000 —
12000 —
Blank DI water
after std.
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Calibration Block after 76 injections

MSD1 TIC, MS File (ICDATA~TICBLKIE\IC000078.D)
MSD1 TIC, MS File (ICDATA~T\ICBLK1E\IC000079.D)
MSD1 TIC, MS File (ICDATA~1\ICBLK1E\IC000080.D)
MSD1 TIC, MS File (ICDATA~1\ICBLK1E\IC000081.D)
MSD1 TIC, MS File (ICDATA~1\ICBLK1E\IC000082.D)
30000
27500 |
25000 |
22500 |
20000 |
17500 |
15000 |
12500 |
10000 |
| |
2 4

API-ES, Neg, SIM, Frag: 140, "
API-ES, Neg, SIM, Frag: 140, "
API-ES, Neg, SIM, Frag: 140, "
API-ES, Neg, SIM, Frag: 140, "
API-ES, Neg, SIM, Frag: 140,

Std. Range
0.5 ppb to 10.0 ppb

neg sim"
neg sim"
neg sim"
neg sim"
"neg sim"
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1 ppb Perchlorate in 3000ppm Total Dissolved Salt
(TDS) after 125 injections

MSD1 TIC, MS File (ICDATA~NICBLK1E\IC000083.D) API-ES, Neg, SIM, Frag: 140, "neg sim"

o000 Matrix containing 1000ppm each
’ of CI'-, CO,?%, SO,?

16000

14000

12000

10000

8000 —

metronm-peak o
ion chromatography

Agilent Technologies



Full Scan of Sample with Sulfonates

*MSD1 SPC, time=13.977 of JH10_15\JH000009.D API-ES, Neg, Scan, Frag: 140, "neg
100 E Max: 28272
~
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6Q / g 3 2
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, o I g 3
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| o 4 E o 3¢ :
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100 200 300 400 500 600 700 800 900 m
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Metrohm Modular IC-Agilent MS(1100 MSD)

* 4 mm column, 100uL loop and
normal flows minimize matrix
overload of chromatography

* No need for Sample preparation to
eliminate high ionic matrix

 No matrix suppression of Perchlorate in
the ESI source witnessed
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MSD Interface after 150 injections
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