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SEPA SAM Document

Agency
- How Chicago Regional Lab Became Involved

—Reviewed the LC/MS Standard Analytical
Protocol (SAP)

« Matrices
—Water
—Ambient Air
—Wipes

by =N

Standardized Analytical Methods

S . I for Environmental Restoration
-0l Following Homeland Security
Events

- Residential
 Industrial

SEPA
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Split up the Analytes into Different
Methods and Optimized Conditions

« Methods Indicate Specific Analytical Columns and
Conditions for Best Separation.

» Met Risk Criteria Goals in Environmental Water
- Easily Transferable to Environmental Laboratories.

- External Calibration with relevant surrogates for each
method, try to keep cost of analysis low.

« Initial Precision and Accuracy Data generated in
reagent and nearby Chicago surface water.

» Methods Presently in Multi-laboratory Study for
Incorporation into SW-846 and Drinking Water
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Multi-laboratory Participants

* Read the SOPs- Can they be followed? Suggest
comments to make them more helpful.

« Verify calibration curves (linear or quadratic)

- Verify that the reporting and detection limits are
achievable in their labs on various LC/MS/MS systems

» Generate recovery data at 4 points over the calibration
curves in both reagent water and their local surface

water.
« All surface waters are characterized by EPA Region 5
CRL
Aosry :
New LC/MS/MS Water Methods Overview
Time of Analysis
Method Induding Sarple Prep Risk Qriteria  Limit of Detection  Reporting Linit
Nunber Target Conpound (Mn) (PPB) (PPB) (PPB)
Aldicarb g3 01 1
Bromadiclone 07 05 1
1  Cabofuran 28 180 01 1
Oamyl 10 01 1
Methomyt NA 01 1
Diisopropyl mettylphasphonate 2800 1 5
Ethyl methylphosphonic adid 880 10 50
> Isopropyl methyiphasphonic acid x5 3500 2 50
Methyiphosphonic acid 700 10 100
Ethyl hydrogen dimethylanridophosphate NA 01 5
Pinacolyl methylphosphonic acid NA 10 50
Diethanolamine NA 5 25
3 Triethanolamine 2 NA 5 25
n-Ethyldiethandlamine NA 5 25
nMethyidiethandlanine NA 20 25
4 Thiodigiycol 2l 16000 50 220

Fisk Based Criteria are based upon US EPA Region 3 risk based concentration methodology.




&EPA  Aldicarb, Bromadiolone, Carbofuran,

o Methomyl, Oxamyl

and BDMC (Surrogate)
Method One
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SEPA
Erarment
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LC and MS/MS Conditions

« Sample Prep

—Add Surrogates
—Filter

« LC/MS/MS

—Waters 2695 LC and Quattro Micro APl MS/MS

« XBridge C,g Column

—2.1 x 150 mm, 3.5 um particle

- Modifier

—2.5 mmolar NH,OAc/NH,OH

« Gradient

—100% Water to 90% CH,CN
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EPA  Chromatography, all at 25 PPB

6 pests
25ppb73007fin100 6: MRM of 2 Channels ES+
. 58.1 > 122
1004 14.1¢ 14.22 1.24e4
= [BDMC Surrogate 25 pph 14.000% 1428
1459
13.78.14.0 14.98
L e ! L : i i
7.50 8.00 8.50 9.00 9.50 10.00 10.50 11.00 11.50 12.00 12.50 13.00 13.50 14.00 14.50 15.00
25ppb73007fin100 5: MRM of 3 Channels ES+
1004 1312 509 > 251.2
] 1320 42604
. g Bromadiolone 25 ppb (R,S] 1338
7. ‘50 j S,bo j B.‘SO j 9,"30 j 9. ‘50 j 10‘00 10,‘50 11‘00 j 11.‘50 j 12‘00 j 12‘50 j 13‘,00 j 13‘50 14.‘00 14‘50 15.‘00
25ppb73007fin100 4: MRM of 2 Channels ES+
1004 12.06 222.2>165.2
2.0 8.85¢5
<] [Carbofuran 25 pph
750 | 800 | 850 | 900 | 950 | 1000 ' 1050 | 1100 | 1150 ' 1200 ' 1280 | 1300 ' 1350 ' 1400 1450 ' 1500
25ppb73007fin100 3: MRM of 2 Channels ES+
10.22 208.2>115.9
1004 4.00e5
ppD
<]
L e : L ! ! )
7.50 8.00 8.50 9.00 9.50 10.00 10.50 11.00 11.50 12.00 12.50 13.00 13.50 14.00 14.50 15.00
25ppb73007fin100 2: MRM of 2 Channels ES+
7.55 237.2>71.6
100y 3.60e5
< [Oxamyl 25 pphy
750 | 800 | 850 | 900 | 950 | 1000 | 1050 | 1100 | 1150 | 1200 ' 1280 | 1300 ' 1350 ' 1400 1450 ' 1500
25ppb73007fin100 1: MRM of 2 Channels ES+
7.77 1>87.7
1005 2.41e5
Methomyl 25 pph
<]
L S ! L ! . \ Time
7.50 8.00 8.50 9.00 9.50 10.00 10.50 11.00 11.50 12.00 12.50 13.00 13.50 14.00 14.50 15.00
fawy

Carbofuran
Methomyl
Oxamyl

BDMC (Surr)

2500
100
750
250

6.6
52
6.2
5.2
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Precision and Accuracy Data
Reagent Water Chicago River Water
25 ppb Spike* 25 ppb Spike*
Analyte % Recovery (Std Dev) % Recovery (Std Dev)
Aldicarb 99.8 (1.4) 99.7 (0.98)
BDMC (50 ppb*) 103.5 (2.4) 93.6 (2.3)
Bromadiolone 111.1 (5.7) 99.1 (2.9)
Carbofuran 102.8 (1.7) 102.6 (0.49)
Methomyl 97.3 (2.5) 70.2 (0.96)
Oxamyl 98.2 (2.4) 65.1 (0.54)

H

Thiodiglycol (TDG) and
3,3-Thiodipropanol
(Surrogate, 3,3'-TDP)
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Blister Agent Background

Blister Agents

H

C‘/\/s\/\CI _ = AS‘

1,1"thiobis(2-chloroethane)

o

<l
1-(2-chloroethyDthiiranium chioride

< HD\/\ /\/C‘
As‘\/\g’ y
qu 1 = 2-[(2-chloroethyhthiolethanol + Hel

cr

HO\/\S/\/ P qu%S\/\DH

HO\/\£M o

2,2"-thiodiethanol

S ——

1,4-oxathiane

s/\’ From Hydrolysis the above reactions produce about 4:1
2,2'-thiodiethanol (thiodiglycol):1,4-oxathiane (Thioxane).
1.4-Dithiane is produced from hydrolysis at high concentrations of

‘\/ H (>2mole/L) and high temperature (100°C)

1,4-dithiane

SEPA

- Modifier

- Gradient
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LC and MS/MS Conditions

« LC/IMS/MS

—Waters 2695 LC and Quattro Micro API MS/MS
» Primesep SB Column

—2.1 x 150 mm, 5 um particle

—0.1% Formic Acid/25 mmolar NH,CO,H

—100% Water to 90% CH,CN




SEPA Chromatography

1ppm tdg
809071ppmtdgcal 1: MRM of 2 Channels ES+
1512 >133.1
1007 6.07e5
LIS
7 7 7 T T 7 T 7 T T T T T T T T
1.00 2.00 3.00 4.00 5.00 10.00 11.00
809071ppmtdgcal 1: MRM of 2 Channels ES+
2.80 123.1>104.9
1004
273\, 67 2.00e5
<]
hiodiglycol @ 1 ppm|
TTTiee 200 T Tsbo T abo | seo 600 | 700 800 | 800 | 1000 | 1100
80907100ppmtdgcal 1: MRM of 2 Channels ES+
151.2>133.1
1007 9.83e6
<]
T T T T T T T T T T T T T T
1.00 2.00 3.00 4.00 5.00 11.00
80907100ppmidgcal 1: MRM of 2 Channels ES+
100+ 123.1>104.9
4.68e6
<]
T T T T T T T T T T T T Time
6.00 7.00 8.00 9.00 10.00 11.00
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Precision and Accuracy Data Using 2.5to
100 ppm Calibration Curves

Reagent Water Chicago River Water
25 ppm Spike 2.5 ppm Spike 25 ppm Spike 2.5 ppm Spike
Analyte % Recovery (Std Dev) % Recovery (Std Dev) % Recovery (Std Dev) % Recovery (Std Dev)
TDG 98.1 (8.8) 100.2 (4.7) 102.3 (0.63) 92.2 (4.8)

3,3-TDP (Surr) 106.8 (2) 95 (3.7) 111.2 (1.6) 114.2 (11.1)
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Precision and Accuracy Data Using 250 ppb
to 10 ppm Calibration Curves

Reagent Water Chicago River Water
2.5 ppm Spike 2.5 ppm Spike
Analyte % Recovery (Std Dev) % Recovery (Std Dev)
TDG 114.6 (3) 106.3 (2.9)
3,3'-TDP (Surr) 114.9 (1.6) 124.7 (6.7)
SRR Ethanolamines
Aoy )
Method Three
H
III/\/'\/\IH
H L
Diethanolamine Triethanolamine

3

r'\/\..

n-Methyldiethanolamine n-Ethyldiethanolamine
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Ry

Ry—
N > I N
Rl/ \/\CI ; ; Rl/ \/\OH

*Look For These

R! R? Nitrogen Mustard
HN1 C,Hg CH,CH.CI Steps 2-3 repeated for each
CH,CH,CI group.
HN2 CH, CH,CH,CI
HN3 CH,CH.CI CH,CH,CI

H

SEPA

Separation of the Ethanolamines

« MS/MS ESI Positive
« 20 mmolar Ammonium Acetate
« CH,CN/H,0O Gradient

—0.3 mL/min

—Variable Gradient-25 minute total run time

* 95% CH,;CN to 60% Water/40% CH;CN

« Column- Atlantis HILIC Silica, 3 um, 2.1 x 100 mm
« 25-50 pL Direct Injection of Water

H
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hilicwaterinjlonger
hilic52307nhSoacvar2

(25 pL Water Injection)

Separation of the Ethanolamines

1: MRM of 5 Channels ES+

1220 - 150.2 > 87.9
1007 1217 5 aeen
=] [riethanolamine
riethanolamin unN
T T T T T T T T T T T T T T T T
1075 1100 1125 1150 1175 1200 1225 1250 1275 1300 1325 1350 1375 1400 1425 1450
hilic52307nh5oacvar2 a 1: MRM of 5 Channels ES+
1004 1235 41> 72
H 3.64e5
& -Ethyldiethanolamine] r\/\‘
1075 1100 | 1125 1150 1175 1200 1225 1250 1275 1300 1325 1350 1375 1400 1425 1450
hilic52307nh50acvar2 1: MRM of 5 Channels ES+
12,65 120 > 102
1007 2.08e5
= p-Methyidiethanolaming
1075 1100 1125 1150 1175 1200 1225 1250 1275 1300 1325 1350 1375 1400 1425 1450
hilic52307nh5o0acvar2 1: MRM of 5 Channels ES+
1292 106 > 69.8
1007 4.23e5
»
. sl Diethanolaming [ g W N
T T T T T T T T T T T T T T T ™~ Time
1075 1100 1125 1150 1175 1200 1225 1250 1275 1300 1325 1350 1375 1400 1425 1450

SEPA

Ethanolamine Parameters

PARAMETER % Recovery* % Recovery** MS/MSD
LCS/LCSD

Reagent Water Environmental Water
Diethanolamine 63-123 86-146
Triethanolamine 54-114 42-102
n-Ethyldiethanolamine 73-133 31-91
n-Methyldiethanolamine 62-122 20-120
Diethanolamine-ds (Surrogate) 75-135 95-155
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H G—P—0H
OH

Methylphosphonic
acid

aH
n=—p Q GHy
N,
CH, ; cHy
Hpts” CH,
Pinacolyl

methylphosphonic acid

Method Four

Isopropyl methylphosphonic
acid

HyG—, B
My,
4] T Oz
N
.
HaG™ GH,

Ethyl hydrogen
dimethylamidophosphate

OEPA  Organophosphonic Acids

HC

g

C—r—C

Hy
—|,&\|/O

&
SH,

Diisopropy!
methylphosphonate

Ethyl methylphosphonic
acid

Nerve Agent Background

GA

GD

VX

HC

dimethylamidocyanophosphate
HaC

cHs o CHy *
GB )\ N\ _F )\ \ _OH
HaC o HaC N
s CHy CHz

isopropyl
methylphosphonofiuoridoate

o
e/

Nerve Agents

HC 9 He @
RN N
N—P—Q —_— N—P—0 —_— N—P—OH
/ \ / A
HaC H CHa HC  OH CHz HC o
N ethyl hydrogen
acid
isopropyl hydrogen
methylphosphonate
o

1,2,2-trimethylpropyl
methylphosphonofiuoridoate

3 CHs

1,2,2-trimethylpropyl hydrogen methylphosphonate

S-[2-(diisopropylamino)ethyl] O-ethy!
methylphosphonothioate

HaC CH, HaC.
wfp | T
C~_ HC //

YA e ChHs A\
Y Ho

CHy

methylphosphonothioate

o

I * ﬁ CHy
HC—P—OH He—b—d *
n‘w | etnyl hydrogen

methylphosphonic
acid

HiC—P—OH

methylphosphonic
acid

CH, 3.3-dimethylbutan-2-ol

¢ o
CH, HzC\P// CHy
~ HO
o / o - =
CHy HO CH HsC

HaC *  HC

CHy

CHy
S-[2-(diisopropylamino)ethyl] hydrogen

OH  methylphosphonate

‘ *

OH

CHy

HaC—P—0H

OH
methylphosphonic
acid

EA2192

CHy
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Common Precursor Compound Coupled

with no Chromatography

CCONE30COL 15NHAOAC/NHA4OH 10PPM INFUSED CH3CN/H20 ION 96.8
ETHYLMETHYLPHOSPHONATEESIPOS 33 (0.222) Cm (10:48) Daughters of 125ES+
1.30

100

VX Ethyl methylphosphonic Acid 124.9 —» 97

1
H,c—P—0,

—GH,
O

o sszseazs ss0s 200 P rneers BT ™ lispoos wess 0%uses e 2 sinimajuss e
METHYLPHOSPHONICACIDESIPOS 26 (0.175) Cm (25:43) Daughters of 97ES+
100

VX GB.GD Methylphosponic Acid 97 » 78.8

6B,

L

Il
HyG—p—0H
OH

1

Separation of the Phosphonic Acids

« MS/MS ESI Negative and Positive
¢ 0.1% Formic Acid
* CH;CN/H,0O Gradient
—0.3 mL/min
—Variable Gradient-20 minute total run time
» Water to 95% CH,;CN
 Column- Atlantis dC,g, 3 um, 2.1 x 150 mm
« 50-100 puL Direct Injection
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SEPA Chromatography and S/N

Apency
1ppb
810071pos 2: MRM of 3 Channels ES+
100, SIN:PP=52.57 181.3>139.1
1.15e4
[Diisopropyl methylphosphonic acid @ 1 ppb| oo
LIS 11.05
7.45 895 937 1052 1187 12881206
T T T T T T T T T T T T T T ; T T T T T f T r T T
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00
810075neg 2: MRM of 2 Channels ES-
1004 SIN:PIP=16.86 179.2>94.8
[Pinacolyl methylphosphonic acid @ 5 ppt 1047~/ 1059 9.03e3
# 702 740 78 82 g gep0a 901 510 9 10 PP N0 148 1107
[
Tlo T 200 abo a0 spo 600 700 | 800 | 800 | 1000 | 1100 | 1200
8100720neg 2: MRM of 2 Channels ES-
SIN:PtP=21.99 137.1>94.8
1005 910 2.00e3
[isopropyl methylphosphonc acid @ 20 pph] & 4
& 717 B6a. 913 1047 104y 068 gy 4
i, 10 2 TN Ve T AP OY ¥ chvo edd
TTio0 200 a0 ap0 | s00 | 600 | 700 | 800 | 900 | 1000 | 1100 1200
8100720neg 1: MRM of 3 Channels ES-
1004 SIN:PtP=28.57 123.1>94.8
386,11 410 [Ethyl methylphosphonic acid @ 20 ppdl 451e3
=] 3.7
028 097102 148179 202 ) 6 301330 lZI 54529 530 508
[
Tloo T 200 aoo 400 spo | 600 | 700 | 800 | 900 | 1000 | 1100 | 1200
810071pos 1: MRM of 3 Channels ES+
1004 SIN:PtP=89.85 54.2>126
3.4 53 _ _ 6.42e3
< 8 [Ethyl hydrogen dimethylamidophosphate @ 1 pphl
o 111119 193222.2335% 373 509 553
100 200 | 300 | 400 | 500 | 600 | 700 | 800 | 900 | 1000 | 1100 ' 1200
8100720neg 1: MRM of 3 Channels ES-
94.9>78.7
1.98e3
T T T T T T T T T T T T T Time
7.00 8.00 9.00 10.00 11.00 12.00
PARAMETER ESI Mode % Recovery* % Recovery* MS/IMSD
LCS/LCSD
(Positive/Negative) Reagent Water Environmental Water
Diisopropyl methylphosphonate POS 75-135 74-134
Diisopropyl methylphosphonate NEG NA NA
Ethyl hydrogen dimethylamidophosphate POS 57-117 54-124
Ethyl hydrogen dimethylamidophosphate NEG 60-120 54-114
Ethyl methylphosphonic acid POS 70-130 70-130
Ethyl methylphosphonic acid NEG 73-103 78-108
Isopropyl methylphosphonic acid POS 71-131 65-125
Isopropyl methylphosphonic acid NEG 70-130 74-134
Methylphosphonic acid POS 60-120 110-170
Methylphosphonic acid NEG 64-124 0
Pinacolyl methylphosphonic acid POS 76-136 78-138
Pinacolyl methylphosphonic acid NEG 74-134 80-110
Diisopropyl methylphosphonate-D1a4 (Surrogate) POS 74-134 74-134
Diisopropyl methylphosphonate-D14 (Surrogate) NEG NA NA
Methylphosphonic acid-Ds POS 65-125 92-152
(Surrogate)
Methylphosphonic acid-Ds NEG 66.8-126.8 0-47.2
(Surrogate)
Pinacolyl methylphosphonic acid-"*Cs (Surrogate) POS NA NA
Pinacolyl methylphosphonic acid-"°Cs (Surrogate) NEG 70-130 75-105
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LC/MS SAP Conclusions/Current Status/Future Work

4 New Methods
» Met Risk Criteria Goals

« Verification and Validation in Process for
Incorporation into SW-846

« Ten Individual Laboratories are currently testing
reagent water and local surface waters to create
control limit criteria and validate the methods.

 Developing wipe and soil methods

¢ Inclusion of more analytes of interest

« Ultra Performance Liquid Chromatography- MS/MS
- Update outdated EPA methods

F
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Contact Information
« Zintek.Lawrence@epa.gov

16



