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EPA Method 625

Used to measure acidic, basic and neutral semi-volatile organic compounds
in municipal and industrial wastewater using GC-MS.

e Polynuclear aromatic hydrocarbons ' |
* Chlorinated hydrocarbons and pesticides
e Phathalate esters ersons o R A STEERATOMETI

INDUSTRIAL WASTEWATER

® OrganOphOSphate esters METHOD 625—BASE/NEUTRALS AND ACIDS

® Nitrosamines 11 mknmlndmvelsmademmﬂmﬂn of a number of organic compounds that are

partitioned into an organic solvent and are amenable to gas chromatography. The
parameters Ilsledl Tables 1 and 2 may be qualitatively and quantitatively

* Haloethers e it i T

1z The method may be extended to include the parameters listed in Table 3. Benzidine
«can be subject 1o oxidative losses during solvent concentration. Under the alkaline

) conditions of the extraction step, o-BHC, y-BHC, mdnsulﬁm] and II. and endrin are
ehydes ey’ =it

decompasition in the inlet of the gas dnnmslosl ph. m.mm reaction in acetone
solution, and | s difficult 1o

separate e from the soly, gmund the ¢ hmmnmgmphlc conditions described
° thers ecomposes i e s inlet and canrot be
sepamled lmm dipl\e nylamine. “The preferred method for each of these parameters is
listed in

® Keto n e S 13 Thisisagas ‘mass y (GC/MS) method™* applicable to

the determination nfuncumpwndsllsttdl Tlhlesl 2, and 3 in municipal and
industrial discharges as provided under 40 CFR Part 136.1.

oy
[ ] A n I I I n e S 14 The method detection limit (MDL, defined in Section 16.1)' for each parameter is
listed in Tables 4 and 5. The MDL for a specific wastewater may differ from those
listed, depending upon the nature of interferences in the sample matrix.
. qe
° P ri d ines 15 Any modification to this method. beyond those expressly permitted. shall be
considered as a major modification subject to application and approval of alternate

test procedures under 40 CFR Parts 136.4 and 136.5. Depending upon the nature of
the modification and the extent of intended use, the applicant may be required o

) 1 H demonstrate that the modifications will produce equivalent results when applied 1o
uinolines vt wisewaies

16 This method is restricted to use by or under the s pervklu ufmlymupm m:ed

* Nitro aromatics B S b
* Phenols

2. Summary of Method

21 A measured volume of sample, approximately 1 L, is serially extracted with
methylene chloride at a pH greater than 11 and again at a pH less than 2 using a
separatory funnel or a continuous extractor.? The methylene chloride extract is dried,

11/1/2017 SPE for EPA 625 - NEMC EMS



Revision to US EPA Method 625

Purpose of Study
Demonstrate efficacy of SPE for EPA 625:
multi-lab, multi-vendor and EPA
Does SPE sample prep provide
acceptable results?
Objectives

Reproducible recovery from a
challenging matrix?

Does surrogate recovery accurately
measure system performance?

4.2 Agilent Technologies




Revision to US EPA Method 625
Round Robin Study

= Test Criteria:

« Performance test in synthetic wastewater
(triplicate analysis)

« Performance test in drinking water (i.e.,
Aguafina bottled water; triplicate analysis)

« LCS in laboratory reagent water (quadruple
analysis)

« Wastewater, bottled water, and reagent
water blanks

« MDL/LOQ check at three levels in reagent
water

Agilent Technologies




Benefits of SPE Versus LLE

SPE

LLE

 Minimal solvent usage/waste.

 Amenable to high-throughput
workflows and automation.

[ Sample Concentration

[ Cheap and disposable one time use
tubes/discs.

O Large amount of organic solvent
required.

Increases solvent costs, hazardous waste,

and evaporation time.

O Requires ample time for sample
preparation using and specialized
glassware/ capital equipment.

O Large solvent volumes require
increased evaporator time/size.

] Emulsions

i3+ Agilent Technologies 172017
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Benefits of SPE Versus LLE

SPE

LLE

7
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Revision to US EPA Method 625

Target Analytes

Base/Neutrals
Acenaphthene
Acenaphthylene
Anthracene

Benzidine
Benzo(a)anthracene
Benzyl butyl phthalate
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(g,h,i)perylene
Benzo(a)pyrene
4-Bromophenyl-phenylether

bis(2-Chloroethoxy)methane
bis(2-Chloroethyl)ether

bis(2-Chloroisopropyl) ether
Bis(2-ethylhexyl) phthalate
4-Chlorophenyl-phenylether
2-Chloronaphthalene
Chrysene
Dibenzo(a,h)anthracene
Dibenzofuran
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene

Hg/L
10 to 200

10 to 200
10to 200
200 to 1000
10 to 200
50 to 200
20 to 200
20 to 200
10 to 200
10 to 200
20 to 200

20 to 200
20 to 200

30 to 200
20 to 200
20 to 200
20 to 200
10 to 200
20 to 200
30 to 200
20 to 200
20 to 200
20 to 200

Base/Neutrals
3,3'-Dichlorobenzidine
Diethyl phthalate
Dimethyl phthalate
Di-n-butyl phthalate
2,4-Dinitrotoluene
2,6-Dinitrotoluene
Di-n-octyl phthalate
Fluoranthene

Fluorene
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexachloroethane
Indeno(1,2,3, cd)pyrene
Isophorone
2-Methylnaphthalene
Naphthalene
Nitrobenzene
N-Nitrosodimethylamine
N-Nitroso-di-n-propylamine
N-Nitrosodiphenylamine
Phenanthrene

Pyrene
1,2,4-Trichlorobenzene

Mg/L
50 to 200
50 to 200
50 to 200
40 to 200
20 to 200
20 to 200
30 to 200
30 to 200
10 to 200
20 to 200
50 to 200
50 to 200
50 to 200
30 to 200
20 to 200
20 to 200
20 to 200
20 to 200
75 to 200
30 to 200
30 to 200
10 to 200
10 to 200
20 to 200

Acids
4-Chloro-3-methylphenol
2-Chlorophenol
2,4-Dichlorophenol
2,6-Dichlorophenol
2,4-Dimethylphenol
2,4-Dinitrophenol
2-Methyl-4,6-Dinitrophenol
2-Methylphenol (o-Cresol)
4-Methylphenol (p-Cresol)
2-Nitrophenol
4-Nitrophenol

Phenol

Pentachlorophenol
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol

Surrogates

Acenaphthylene-d8
Anthracene-d10
Benzo(a)pyrene-d12
Bis-(2-chloroethyl)ether-d8
4-Chloroaniline-d4
2-Chlorophenol-d4
2,4-Dichlorophenol-d3
Dimethylphthalate-d6

Y. Agilent Technologies

Hg/L
30 to 200

30 to 200
30 to 200
30 to 200
40 to 200
100 to 200
40 to 200
40 to 200
50 to 200
50 to 200
100 to 200
100 to 200
40 to 200
30 to 200
30 to 200

4,6-Dinitro-2-methylphenol-
d2

Fluorene-d10
4-Methylphenol-d8
Nitrobenzene-d5
2-Nitrophenol-d4
4-Nitrophenol-d4

NDMA-d6

SPE for EPA 625 - MELA
11/1/2017
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Solid Phase Extraction (SPE)
Mechanisms of SPE

Hydrophobic

» Non-polar phases (reversed phase)

Polar

» Polar phases (normal phase)

Electrostatic

 lon exchange phases

Mixed mode

» Can also introduce secondary interactions

4.2 Agilent Technologies




Solid Phase Extraction (SPE)
Four Steps of SPE

Conditioning

» Preparation of the sorbent prior to sample addition

Loading

» Analytes of interest and other interferences adsorb onto
the surface of the sorbent during sample addition

Washing
* Elimination of undesired interferences

Elution

« Selective desorption and collection of desired
analytes from the sorbent

Agilent Technologies

SPE for EPA 625 - MELA
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Solid Phase Extraction

1.Condition 2.Load 3.Wash 4 .Elute
—-— - -— -
° o
[ ]
Salt N o ® . I
- % . ﬁ M<~———— ﬁ Me— 1
Matrix _— ;‘D
Analytes 2 o%,

Stationary Phase:
Hydrophobic/ion-exchange

g

- —— w L/
6.Analyze 5.Evaporate/
Reconstitute

NACRW 2015

i3+ Agilent Technologies November 17
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Solid Phase Extraction (SPE)
Basic Chromatography Theory

Choose the right SPE:

Like Dissolves Like

» Reversed phase
» Van der Waals or hydrophobic interactions
* Normal Phase

* Polar interactions

Opposite Charges Attract

 lon Exchange
» Electrostatic interactions

Select Phase based on these rules

Agilent Technologies




Solid Phase Extraction (SPE)
Basic Chromatography Theory

Load (pH 2)

® = Acid/Neutral \

Mechanism of Action  ases 3
QQ
Similar to HPLC, its

chromatography

Higher affinity for the mobile
phase, no retention

Increased affinity for the

stationary phase, retained by

stationary phase éﬂ




Agilent Solutions

Sample Preparation

Bond Elut ENV
Polymeric SPE tube

e
Boﬂd Elut :IE.E"...

Bond Elut Plexa PCX
Cation Exchange SPE tube

o i : .J
Bond Elut SPECS
Cation Exchange SPE Disk

GC Consumables

Analysis

Agilent GC Columns
Ultra Inert DB-5ms

Agilent J&W GC Columns

Ultra Inert Liners
2 mm dimpled

Agilent 7890 GC
5977 MSD

Column Backflushing

15 x 15 m midpoint

Agilent Technologies

SPE for EPA 625 - MELA
11/1/2017
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625 Round Robin Study — Synthetic Waste Water
Matrix

Recipe:

« 0.400 g flour

« 2.000 g ocean salt

 0.080 g Kaolin

 0.024 g Triton™ X-100 surfactant
120 mL beer

« Dilute to 2 L with reagent grade water.

Based on ASTM D5905

Agilent Technologies




EPA 625.1 Update — Sample Preparation

Sample Pretreatment: Spike sample (100 mL to 250
mL) and adjust to pH 2 with 6 M HCI.

¥
SPE: Bond Elut ENV — 6 mL, 500 mg

¥
Condition: 5 mL DCM, 5 mL MeOH, 5 mL H,O (pH 2)

.

Load: Pass through cartridge bed at 10 mL/min; dry
for 2 min

b
Wash: Pass through 5 mL H,0

¥

Elution: 2 x5 mL DCM, 1x 5 mL 1% ammonium
hydroxide, 1 x 5 mL ethyl acetate

¥

Evaporation/reconstitution: 0.5 mL DCM

SPE for EPA 625 - MELA

<. Agilent Technologies 1172017

16




Revision to US EPA Method 625
GC-MS (SIM) Chromatogram — 50 ug/L

+TIC Scan (** -> **) 625_0405 01 06.D
2 x10 67
S 65
Q 6-
5.5

5_

4.5

4_

3.5

3_

24

J J | JIM}ML de 4‘ L‘ ,MJ LlL Uy

7 8 9 10 11 12 13 14 ‘IS ‘Iﬁ ‘I}' 18 19 20
Acquisition Time (min)
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Revision to US EPA Method 625
Recovery by Analyte, Bond Elut ENV — Bases/Neutrals

Bond Elut ENV % Recovery B/N
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SPE for EPA 625 - MELA
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Revision to US EPA Method 625
Recovery by Analyte, Bond Elut ENV - Acids

Bond Elut ENV % Recovery Acids

120%
100%
80%
>
)
>
3 60%
o)
04
O\O
40%
20%
0%
. \ \ \ \ \ \ \ e \ \ \ \ \ \
,z,c}b & & & &° &° &° & O &° &° & &° &° &°
XS N N N N N N N Q° N N 3 N N N
,\/0\ \}Q R R R *\Q R \\\Q Q R R Q o o R
SN\ R\ \O\ \(} \O\ N . ‘\\'« & \? ‘\\'K & \& \0& \O\
Qf ) Q Q Q 2 S & > N > Q Q Q
oS oF © © &€ Y ,L,@ & v ™ o &8 &8
& ¥ o ¥ > & & o e
o Vv v a7 RN S Q ¢
o é'(\ @QJ Vv %
W ‘VQ W
Analyte
m Acids Wastewater Matrix m Acids DI Water CLLE

SPE for EPA 625 - MELA

.5 Agilent Technologies 117272017

19




Surrogate Recovery and A/B/N Summary

%Recovery
Surrogates Waste Water DI Water
Acenaphthylene-d8 85.0 66.8
Anthracene-d10 67.7 60.8
Benzo(a)pyrene-d12 84.7 69.7
Bis-(2-chloroethyl)ether-d8 84.8 82.8
2-Chlorophenol-d4 83.4 76.2
2,4-Dichlorophenol-d3 83.8 75.5
Dimethylphthalate-d6 78.9 69.1
4,6-Dinitro-2-methylphenol-d2  85.3 75.4
Fluorene-d10 82.6 65.8
4-Methylphenol-d8 95.4 83.3
Nitrobenzene-d5 66.5 62.3
2-Nitrophenol-d4 86.1 69.2
4-Nitrophenol-d4 79.4 71.7
I =
Waste Water | Water

B/N Avg. 73.8% 64.6% 69.4%

%Recovery

Acids Avg. 84.9% 71.1% 69.2%

%Recovery

SPE for EPA 625 - NEMC EMS

%% Agilent Technologies 112017
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Re

vision to US EPA Method 625

Conclusions

Recovery

» Analyte recovery from ASTM Synthetic Wastewater samples within the
acceptance limits for EPA Method 625.1 and TNI lab performance tests

Applicability

« SPE yields analytical results comparable to conventional liquid-liquid extraction.

Ruggedness

« Use of SPE products without prior optimization of the particular SPE products
for the types of aqueous matrix or particular types of analytes demonstrates
ruggedness of SPE technique itself.

Ease of Use

« Three commercial laboratories, with no prior experience with SPE, successfully
prepared and analyzed

%% Agilent Technologies

SPE for EPA 625 - MELA

11/1/2017
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EMR-Lipid — Lose The Fat, Not Analytes

Launch Applications:

« Veterinary Drugs in Beef Liver
Pesticides in Avocado (LC-MS/MS) 11 5 N
EMR dSPE

5991-6096EN

» Pesticides in Avocado (GC-MS/MS)

5991-6097EN t::s | Matris blank w/o cleanup
e PAHs in Salmon - N ——
5991-6088EN :62 i Matrix blank w/ zirconia sorbent cleapu
0785 l Matrix blank w/ EMR cleanup
. = |
Coming Soon... - H
« Mycotoxins in Infant Formula o ; | |
* Mycotoxins in Peanuts = a i w i
f ‘d, ' ,ﬁ ; il i k.

e 19 do 2 2 B 4 B % 1 B D h 2 B N B b b B B 4
Coun! isifon

ES)
ounts vs. Acqu Time (min)




Thank you

Let's Continue the Conversation

www.agilent.com

Access Agilent

Facebook @Aaqilent. Tech

Twitter 3 @Agilent
LinkedIn E
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APPENDIX

SPE for EPA 625 - NEMC EMS
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Revision to US EPA Method 625

Surrogates

Ta rg et An a | Acenaphthylene-d8
Anthracene-d10
Benzo(a)pyrene-d12
Bis-(2-chloroethyl)ether-d8
4-Chloroaniline-d4
2-Chlorophenol-d4

Base/NeutralsENREIE G hceutrals | Acids | Surrogates

Dimethylphthalate-d6

Chrysene 4.6-Dinitro-2- adiene 4-Chloro-3-methylphenol Acenaphthylene-d8
Dibenzo(a,h)anthrace methylphenol-d2 lopentadiene 2-Chlorophenol Anthracene-d10
Dibenzofuran Zf‘;,f;fh';ﬁ‘:,ﬂi?,o,_ds ane 2,4-Dichlorophenol Benzo(a)pyrene-d12
1,2-Dichlorobenzene Nitrobenzene-d5 :d)pyrene 2,6-Dichlorophenol Bis-(2-chloroethyl)ether-d8
1,3-Dichlorobenzene iﬁmgggﬂiﬂg:ﬂj 2,4-Dimethylphenol 4-Chloroaniline-d4
1,4-Dichlorobenzene NDMA-d6 ~_ bhalene 2,4-Dinitrophenol 2-Chlorophenol-d4
3,3'-Dichlorobenzidine Naphthalene 2-Methyl-4,6-Dinitrophenol  2,4-Dichlorophenol-d3
Diethyl phthalate Nitrobenzene 2-Methylphenol (o-Cresol) Dimethylphthalate-d6
Dimethyl phthalate N-Nitrosodimethylamine 4-Methylphenol (p-Cresol) 14 4,6-Dinitro-2-methylphenol-d2
Di-n-butyl phthalate N-Nitroso-di-n-propylamine 2-Nitrophenol Fluorene-d10
2,4-Dinitrotoluene N-Nitrosodiphenylamine 4-Nitrophenol 4-Methylphenol-d8
2,6-Dinitrotoluene Phenanthrene Phenol Nitrobenzene-d5
Di-n-octyl phthalate Pyrene Pentachlorophenol 2-Nitrophenol-d4
Fluoranthene 1,2,4-Trichlorobenzene 2,4,5-Trichlorophenol 4-Nitrophenol-d4
Fluorene Phenol-d5
Hexachlorobenzene NDMA-d6

SPE for EPA 625 - MELA

- Agilent Technologies w07
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Revision to US EPA Method 625

ILI Committee Overview

Independent Laboratory Institute (ILI)

« a non-profit, 501(c)(3), multi-disciplined, member-driven scientific
educational organization affiliated with American Council of Independent
Laboratories (ACIL)

« coordinated EPA round robin study to evaluate application of solid phase
extraction (SPE) to meet sample preparation requirements for EPA 625

Industry representatives

« Manufacturers of instrumentation, chemical standards and sample
preparation product

Environmental testing laboratories

* Providers of contract analytical services involving EPA methodology

Agilent Technologies




Outline

 Introduction — ILI Committee SPE Study for EPA625
« Solid Phase Extraction

* Round Robin Study — Phase Il

* Future Work

« Summary and Conclusions

Agilent Technologies




Solid Phase Extraction (SPE)
Agilent SPE Offering

* Reliable SPE with a 30 year history

« Agilent offers the most comprehensive set of phases,
sizes and formats of any SPE provider.

* Includes packed bed silica and polymeric phases, and
monolithic silica phases

Bond Elut Silica and Bond Elut Plexa SPEC monolithic OMIX monolithic

polymer SPE polymer SPE silica disk SPE silicatip SPE

Bond Elut AccuCAT Bond Elut Plexa SPEC C2 OMIX C18

Bond Elut Alumina (AL-A) Bond Elut Plexa PCX SPEC C8 OMIX MP1

Bond Elut Alumina (AL-B) Bond Elut Plexa PAX SPEC C18 OMIX SCX

Bond Elut Alumina (AL-N) SPEC C18AR

Bond Elut NH, SPEC PH

Bond Elut C1 SampliQ SPE SPEC NH2 BondhEIut

Bond Elut C2 RS SPEC CN Quechers

Bond Elut C8 S SPEC Si Dispersive SPE

Bond Elut C18 ........... SPEC PSA Multiple kit

......... 40 phases SPEC SAX configurations for
SPEC SCX multiple food types
SPEC MP1
SPEC MP3

SPE for EPA 625 - NEMC EMS

4.3 Agilent Technologies 1172017
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Solid Phase Extraction (SPE)
Relationship Between SPE and HPLC

Elution chromatography is defined by the equation
0.2<<K<<20

Digital chromatography lies outside this range:

Retention U©N| K = [stationary phase]/[matrix] > 1000
Elution OFF K = [stat. phase]/[elution solvent] < 0.001

Agilent Technologies




Solid Phase Extraction (SPE)
The SPE Triangle

Analyte

Sorbent Matrix

Often, both the analyte and the matrix are known, it is
sorbent choice which is the critical component

Agilent Technologies




Solid Phase Extraction (SPE)

C =
The SPE Sequence
* Wet the cartridge (Step 1)
» Apply sample (e.g. food extract, water, plasma) (Step 2) -
« Some compounds “retain”
» First wash of the cartridge, interference removal (Step 3a)
« Second wash of the cartridge, additional interference
removal (Step 3b)
« Apply a different liquid to “elute” (Step 4)
* The extract is cleaner, in a different liquid and usually
concentrated
ih)
i
h ™

5 AGTSTIEERRSBGies



Revision to US EPA Method 625
Chromatograms — Cal 1 Compounds @ 78 ng/mL

1102 |Cpd 10: Hexachloropropene & 33; 4| MRM CID@20.0 (21305 117.0) 150221 Cal 1.0 x102 CpdB1: NDEA 222 +E MRM CID@15.0 (10205 44 0) 150221 Cal 10 %102 |Cpd 173 Dimethylamincazobenzene, & 120¢: 41 MRM CID@20.0 (225.0 > 1200) 150221 Cal 1.0
17
3
: 16
15 55
09 14 5
13
08 45
12 1204
07 11 4 81246
1
35
06 039: 232
5 - 106% 3
07 5.
04 08
2
B 05
04 15
02 03 1
01 gf -
0 0 P A Jl'\,/\ 0
1102 |Cpd 11: Hexachloropropene & 33: 4| MRM CID@10.0 (213.0-» 113.0) 150221_Cal 1.0 x102 Cpd 63 NDEA 232 +E1 MRM CID@5.0 (1020-» 85.0) 150221 Cal 1D x102 |Cpd 208: Dimethylaminoazobenzene, 4 1204 +E1 MRM CID@15.0 (1200 -» 77.0) 150221 Cal 1.0
17
22 3
1 16 17108
15 55
09 14 5
13
08
. 45
07 11 4
1
35
06 15
05- 08: 3
07 25
04 08
2
B 05
04 15
02 03 :
02
01
o 05
q q q X e
217223749576 2778 99 3 31929374 35363738 39 4 41424344 4545 474849 T 08 1 f2 4 16 18 2 22 24 26 28 3 32 34 35 38 L 42 44 48 96 98 10 102 104 106 108 11 112 114 116 118 12 132 134 126 128 13 132194 136138 14
Counts vs. Acquisition Time (min) Counts vs. Acquisition Time (min) Counts vs. Acquisition Time (min)

Hexachloropropene N-Nitrosodiethylamine Dimethylaminobenzene

SPE for EPA 625 - NEMC EMS

- Agilent Technologies 107

32




Revision to US EPA Method 625
Chromatogram — Cal 1 @ 78 ng/mL

x10# |Cpd 214: Butyl benzyl phthalate; 12.95: +El MRM CID@5.0 (31.0000 -» 65.0000) 150221_Cal 1.0
46

444
421

4]
38
36
344
324

1
284
26

244

224

hlJ | ll Ml

25 3 35 4 45 5 55 6 65 7 75 & €5 & 95 10 105 11 115 12 125 13 135 14 145 15 155 16 165 17 175 18 185 19 195 20 205
Counts vs. Acquisition Time (min)

SPE for EPA 625 - NEMC EMS
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jon to US EPA Method 625
Recovery by Analyte, Bond Elut ENV - Laboratory Average

1S

Rev

Average Recoveries of Contaminants in TCLP Matrix
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jon to US EPA Method 625
Recovery by Analyte, Bond Elut ENV - By Laboratory (n

1S

Rev

:3)

Recoveries of Contaminants in TCLP Matrix
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