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Abstract

EPA Method 538 I1s a new method from EPA for
organophosphate pesticides in drinking water.

It uses direct aqueous Injection; thus, no sample
preparation is needed.

We use both UHPLC (Agilent 1290) and MS/MS (Agilent
6460) analysis for rapid analysis and sensitive detection
with ng/L limits of detection.

A second MRM is added for more reliable identification.
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Hypothesis

Direct injection of organophosphate pesticides (EPA
Method 538) will work by UHPLC (Agilent Model 1290)
and LC/MS/MS with Jetstream (Agilent Model 6460) with
trace level detection at ng/L concentrations.
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1. Introduction-Summary

1.1 EPA Method 538 (published in November 2009 by Shoemaker)
deals with Organophosphate pesticides in drinking water (1) and one
other contaminant, quinoline.

1.2 The method consists of 10 compounds: acephate, aldicarb,

aldicarb  sulfoxide, dicrotophos, diisopropylmethylphosphonate

(DIMP), fenamiphos sulfone, fenamiphos sulfoxide, methamidophos,

oxydemeton methyl, quinoline, ar&d tgniofanox with 5 labeled internal
standards.

1.3 Direct aqueous injection is used with a large volume sample of
100 microliters; thus, no sample preparation is needed.

1.4 Because solid phase extraction (i.e. concentration of the sample
IS not carried out) suppression is mimimized in the analysis.

1.5 Part-per-Trillion Detection Limits.

The IVIea of Confidence
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Introduction 1.1:

EPA Method 538: Determination of Selected Organic
Contaminants in Drinking Water by Direct Aqueous Injection

by
Jody Shoemaker, EPA Cincinnati, OH
Shoemaker.jody@EPA.GOV

513-569-7298
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Introduction: 1.2.

Ten Organophosphates and Quinoline
Chemical Abstract Services
Analvte Registry Number (CASRN)
Acephate 30560-19-1
Aldicarb 116-06-3
Aldicarb sulfoxide 1646-87-3
Dicrotophos 141-66-2
Diisopropyl methylphosphonate (DIMP) 1445-75-6
Fenamiphos sulfone 31972-44-8
Fenamiphos sulfoxide 31972-43-7
Methamidophos 10265-92-6
Oxydemeton-methyl 301-12-2
Quinoline 91-22-5
Thiofanox 39196-18-4
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Introduction:1.3.
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Diisopropyl methylphosphonate (DIMP)
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Introduction 1.3.

Fenamiphos Sulfoxide
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Introduction 1.4.

Internal Standards

Methamidophos-ds

Acephate-ds

Oxydemeton-methyl-ds

Quinoline-d;

Diisopropyl methvlphosphonate-d; 4 (DIMP-d;4)
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Introduction 1.4.
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Intrgduction 1.5
No sONd-phase extraction!

T 100-200 mL samp

lpolymer.

2. Washinc athanol
'move
S or

3. Elution « ticals

artridges:
- C18, polymeric
- Oasis HLB, OPT
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Introduction 1.6

*SPE increases background organic matrix by 200 to 500 fold

OH
«Salts, such as sodium and metal ions, are also concentrated along

with the background organic matrix

*These salts suppress tcr)le lonization of target an
H
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Introduction 1.6

The Mea of Confidence

- Agilent Technologies Confidentiality Label
i S March 20, 2012




2.0 Experimental Methods:

1. Collect 40 mL sample and preserve with sodium
omadine and ammonium acetate.

2. Aliquot 950 uL of sample and add 50 pL of internal
standard.

3. Analyze by UHPLC/MS/MS with the Agilent 1290 LC
and the Agilent Model 6460
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Experimental Methods 2.1

Compound Name Precursor lon Product lon Dwell Fragmentor Collision Energy Polarity
Acephate 206 165 10 90 5 Positive
Acephate 184 143 10 50 0 Positive
Aldicarb 213 116 10 90 5 Positive
Aldicarb 213 89 10 90 15 Positive
Aldicarb-Sulfoxide 229 166 10 70 5 Positive
Aldicarb-Sulfoxide 229 109 10 70 10 Positive
Dicrotophos 238 193 10 70 0 Positive
Dicrotophos 238 112 10 70 5 Positive
DIMP 181 139 10 70 0 Positive
DIMP 181 97 10 70 5 Positive
Fenamiphos-Sulfone 336 308 10 110 10 Positive
Fenamiphos-Sulfone 336 266 10 110 15 Positive
Fenamiphos-Sulfoxide 320 292 10 110 10 Positive
Fenamiphos-Sulfoxide 320 233 10 110 20 Positive
Methamidophos 142 125 10 70 10 Positive
Methamidophos 142 94 10 70 10 Positive
Oxydemeton-methyl 269 191 10 110 5 Positive
Oxydemeton-methyl 247 169 10 70 10 Positive
Quinoline 130 103 10 110 25 Positive
Quinoline 130 77 10 110 35 Positive
Thiofanox 241 184 10 90 5 Positive
Thiofanox 241 57 10 90 15 Positive

The Mea of Confidence
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Experimental Methods 2.2

Acephate-ds 190->149 |50 0
DIMP —d14 195299 |70 5
Methamidophos-ds 148->97 |70 10

Oxydemeton-methyl-ds 2532175 |70 10

Quinoline-d7 137->81 110 |35

Agilent Technologies



Experimental Methods 2.3

Sample | Properties | Sampler | BinPump | TCC | M5 Q0Q |

Turne file Stop time
|atunes.TUNE.HML Mo limit/4s Pump
Browsze ... &S | L i
lon source Time filkering
E3l hd I8 W Peakwidh (007 min
Time seqmetts
Start ] Deka | Deka

# Time Scan Type Dy Y alve EMY [+] EMY [ Stared
» 1| ofmAM ToMs | 200 o ¥ |

297 cyclesds 29710 mzdcycle

Acouisition Suumel Chromatagtam l Im=trument l Diagnostics l

Source parameters

Gaz Temp: | 250 C 250
Gas Flow: |10 I/min | 10.0
Mebulizer, |45 psi | 450
Sheath Gas Temp: |35 C | 350
Sheath Gaz Flow: |11 I#mnin 11.0
Positive MNegative

Capilary: {4000 v [3500 v | 6453

Nozzle Voltage: [0 Y1800 W
Chamber Current | 016

T

I#riiiry
pzi
°C

I#min
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3.0 Results and Discussion

1. EPA Method 538: Organophosphate Pesticides iIn
Drinking Water.

2. Direct Aqueous Injection; Thus, No Sample
Preparation Needed.

3. UHPLC/MS/MS Analysis with Minimal Suppression.

4. Part-per-Trillion Detection Limits.
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3.1 Multiple Reaction Monitoring

Quad Mass Filter (Q1)
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+ESI Product lon:1 (0.400-0.546 min, 54 Scans) Frag=70.0V CID@10.0 (229.0 -> **) Aldicarb Sulfoxide_PI Scan Positive 229.d

3.2 Example:

| CE=10V D)

0
+ESI Product lon:2 (0.401-0.546 min, 54 Scans) Frag=70.0V CID@15.0 (229.0 -> **) Aldicarb Sulfoxide_PI Scan Positive 229.d
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N x10 4

onl

[M+Na]* = 229

0
x10 5 +ESI Product lon:3 (0.402-0.547 min, 54 Scans) Frag=70.0V CID@5.0 (229.0 -> **) Aldicarb Sulfoxide_PI Scan Positive 229.d

Y /y\ ] CE:SV 166.000

m/z = 166

0
+ESI Product lon:4 (0.402-0.548 min, 54 Scans) Frag=70.0V (229.0 -> **) Aldicarb Sulfoxide_PI Scan Positive 229.d

HO x10 5
\N/ 1 "
: 1 CE=0V
Na ]
@ [ 166.000
m/z = 109 9

/108.91

of Confidence
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3.3 Extracted lon Chromatograms of Compounds

Gradient: t=0min. 10% A/90% B
t=1.7min. 10% A/90% B
t=10 min. 100% B
Injection volume:  40uL

Aldicarb Sulfoxide
Thiofanox

DIMP

L

Oxydemeton-methyl

Fenamiphos Sulfone

~— Aldicarb
Fenamiphos Sulfoxide

__ Methamidophos
- Acephate

”— Quinoline
/:__i)—-

? Dicrotophos
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3.4 Examples of Standard Curves
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3.5 EPA Method 538: Limits of Detection

Acephate 1000
Aldicarb 10
Aldicarb Sulfoxide 5
DIMP 50
Dicrotophos 50
Fenamiphos Sulfone 50
Fenamiphos Sulfoxide 50
Methamidophos 500
Oxydemeton-methyl 20
Quinoline 50
Thiofanox
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4.0 Conclusions

1.

The Mea of Confidence
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EPA Method 538 works well on the Agilent Model 1290 UHPLC
coupled to the Agilent Model 6460 LC/MS/MS.

10 Organophosphates and quinoline are analyzed by direct
aqueous injection and UHPLC/MS/MS.

A second MRM transition is added for QA/QC.

Detection Limits are in the ng/L range.

Method is robust and has low suppresion.

Agilent has the competitive advantage in Direct Aqueous injection
with UHPLC/MS/MS analysis.
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