PREF

inteligent sample preparation

MSPEed |
Explosive residues in sedimentary river water by uSPEed/ePrep

(EPA 8330, 3535A)

(]
b
o
P
| -
O
r—
Qv
O
[=3
o
<C

Pub No. 96-10011 Rev 01

SUMMARY

This application note details the use of uSPE for facile automated
sample preconcentration of explosives in sedimentary river water
prior to analysis by high performance liquid chromatography (HPLC).

INTRODUCTION

EPA Method 8330 was first introduced in 1990 for the environmental
monitoring of residual explosive compounds during their production,
disposal, storage, and usage. Contamination may occur in Figure 1: ePrep sample preparation workstation
groundwater, surface water, and marine and terrestrial matrices.

Target compounds include nitroaromatics, nitramines, and nitrate
esters, and are of major concern as they are known to be
carcinogenic and mutagenic. EPA Method 8330 describes an HPLC USPEed CONDITION:
with UV detection procedure for direct injection of high-level water Activate with 200 L of
samples, an extraction procedure for soils and sediments, as well methanol @ 200 L/min
as a low level method for the extraction of water samples. The @
extraction of trace amounts of explosives is usually performed by
solid phase extraction (SPE) for Sample pre-concentration and uSPEed EQUILIBRATE: Condition with 200
matrix clean-up (EPA method 3535). HL of water @ 200 pL/min
PROCEDURE
Standard and Sample Preparation uSPEed LOAD: Load 250 pL sample @ 200
The automated ePrep sample preparation workstation HL/min
(Figure 1) was used for all standard and sample handling. @
Standards were prepared at 0, 2, 4, 6, 8 and 10 ppm from a
1000 ppm stock solution for construction of a six—point uSPEed WASH: Wash with 100 pL of water
calibration curve. Quality control standards at 5 ppm were @ 200 pL/min
prepared for uSPE repeatability measurements. Blank
sedimentary river water was spiked with 5 ppm of each @
explosive for sample recovery measurements. f )
uSPEed ELUTE: 100 pL of methanol @ 200
The dispense heights were set so the needle dipped into | uL/min )
solution to avoid any droplet formation. The aspiration speed
was set at 2000 pL/min and dispensed at 100 pL/min. @
4
MSPEed Extraction Workflow quantfication and recovery
Al extractons were performed on  3um/300A of explosives

polystyrene/divinyl benzene (PS/DVB) uSPEed cartridge.
Figure 2: uSPEed workflow




The workflow is shown in Figure 2. Each cartridge was conditioned with 200 ul of methanol, followed by phase
equilibration with 200 wl ultrapure water. The control standards and samples were loaded onto cartridges, washed
with ultrapure water and then eluted using 100ul of MeOH. Conditioning and equilibration steps carried out at 200
pL/min flow rate, all other steps at 60 uL/min. Recoveries were determined by loading 10 cartridges with 5ppm water
samplers and eluting.

Analysis by HPLC
A Thermofisher Vanquish UHPLC system with UV detection was used for analysis. The operating
parameters are shown in Table 1.

Table 1: UHPLC operating parameters for analysis.
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Separation conditions
Column C18+ column (100 mm x 2.1 mm, 1.5 pm)
Flow rate 0.200 mL/min
Mobile phase Isocratic with 60:40 methanol:water
composition
Injection volume 1 uL
Run time 14 min
Column Temperature 35°C
UV Wavelength 210 nm

RESULTS

Chromatographic Repeatability
Instrumental repeatability was evaluated via seven consecutive injections of a calibration
standard of 5ppm of each explosive (Table 2). The peak area repeatability was under 3.5% RSD.

Table 2: System reprodublity of 1 sample injected 7 times onto a UHPLC-UV system analysed by area.

RDX 1,3-DNB NB TNT 2,6 DNT 4-NT 2-NT 3-NT
Average 1.243 0.207 0.106 1.257 0.755 0.045 0.064 0.062
Area
%RSD 1.81% 1.52% 0.51% 2.20% 1.02% 9.01% 3.25% 2.56%

ePrep/HPLC-UV Calibration

Each of the explosives were baseline resolved and a six-point calibration curves were constructed by area for each
explosive between 2 and 10 ppm (Figure 3). The calibration data, limits of detection and quantification are shown in
Table 3. The r2 values of the calibration curves for all explosives were greater than 0.999, whilst the
limits of detection were less than 120 ppb, and the limits of quantification less than 400 ppb.

1122 4

mal

10.00 -

- | q

min

s S e e e e e B e e e e s e s e e e e e T S e e e B ]
37 40 50 60 70 30 a0 10,0 "o 120 130 140

Figure 3: Instrument Calibration Curve HPLC Runs (2-10ppm). Peak 1 = RDX, 2 =13 DNB, 3 = NB, 4 = TNT, 5 = 26 DNT, 6 = 4NT,
7=2NT,8=3NT
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Table 3: Automated standard preparation calibration data

Sample r? Slope Offset LOD LoQ
mAU (ppb)  (ppb)
RDX 0.99978 0.027381 - 60 120
0.78136
13DNB 0.99984 0.031749 - 40 150
0.10818
NB 0.99936 0.031116 - 50 220
0.92872
TNT 0.99991 0.023617 0.27695 40 290
26 DNT | 0.99997 0.037857 - 40 260
0.03094
2NT 0.99992 0.062343 - 60 260
0.76592
4NT 0.99922 0.027701 - 110 400
0.13265
3NT 0.99992 0.036254 - 120 150
0.81542

MSPEed Reproducibility

The suitability of uSPE was evaluated by performing triplicate consecutive extractions of a 5-ppm standard containing
all 8 explosives for each of seven cartridges. Table 4 shows the average recoveries of the 8 explosives and the relative
standard deviation. The average recoveries ranged from 89 — 119%, well within the recovery specifications outlined
by EPA method 3535A (70 — 130%). Figure 5 shows an offset overlay of these seven uSPE extractions.

Table 4: SPE repeatability and recovery of a 5ppm samples made up in ultra-pure water loaded onto 7 different cartridges

Component RDX 13 DNB NB TNT 26 DNT ANT ONT 3NT
A(‘; erreaa%e 102% 107% 94% 110% 112% 89% 90% 119%
%RSD (area) | 2.18% 4.32% 4.10% 3.85% 3.29% 5.07% 4.34% 4.02%
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Figure 4: Chromatogram of 7 uSPEed repeats. Peak 1 = RDX, 2 =13 DNB, 3 =NB, 4 = TNT, 5= 26 DNT, 6 =4NT, 7 = 2NT, 8 = 3NT

Sedimentary Water Analysis

Sedimentary river water samples (Figure 6) were analysed as described above. The sample was spiked
with 5-ppm of each of the explosive and processed according to the workflow in Figure 2 without filtering
or further sample manipulation.

Figure 7 shows a comparison of the chromatograms following the uSPE workflow for a 5-ppm standard
and sedimentary river sample spiked at 5 ppm. The chromatograms are indiscernible, indicating that Foure s
the river water matrix had no effect on recoveries or chromatographic quality despite the presence of sfdui,rﬁe,{ta,y River

particulate matter and humic acids. Water
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Figure 6: Overlay of SPE extraction. Blue = 5ppm pure water sample, Black = 5ppm spiked sedimentary river water sample.
Peak 1=RDX,2=13 DNB, 3=NB, 4=TNT, 5=26 DNT, 6 = 4NT, 7 = 2NT, 8 = 3NT

As before, the repeatability of WSPE was evaluated by performing consecutive extractions of 5-ppm spiked river water
sedimentary samples containing all eight explosives for seven cartridges.

The extraction of the explosives in highly turbid river water samples was also effective and repeatable. Table 5 shows
the average recoveries and relative standard deviations, whilst Figure 8 shows a comparison between the matrices.
The average recoveries of the method were very similar, however there was a larger %RSD with the more complex
matrix. Nevertheless, the analytical figures of merit were well within those specified by EPA Method 8330 and 3535.

Table 5: Repeatability and recovery of 5ppm samples spiked in river water loaded onto 7 different cartridges

RDX | 13 DNB NB TNT 26 DNT ANT 2NT 3NT
Average (area) 102% 105% 93% 109% 112% 87% 88% 121%
%RSD (area) | 5.91% 9.25% 8.33% 7.16% 7.30% 8.91% 8.21% 8.31%
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Figure 7: A comparison between the recoveries of explosives in pure water and sedimentary water

CONCLUSION

The automated standard and sample preparation for the analysis of explosives using the ePrep
workstation was well within specfified recovereies of 70 to 130 % required by EPA methods 3535A and




8330. The recoveries of the explosives using the Eprep PS/DVB uSPEed cartridges ranged from 87%
to 121% in a complex sedimentary river water sample. The ePrep workstation provides a dramatic
increase in sample throughput without laborious manual handing typically associated with contempraory
SPE methods of analysis. The LODs and LOQs are substantially better than EPA method requirements.

EPREP WORKFLOW PARAMETERS

Operational Standards @ 100ppm
a) Add Reagent: 300uL of Pure Water [Asp: Auto@75uL/sec, Disp: 25mm@60ul/sec]
b) Add Reagent: 100uL of each 1000ppm stock [Asp: Auto@75uL/sec, Disp: 25mm@60uL/sec]
c) Make up to Volume [Asp: Auto@75uL/sec, Disp: 25mm@60uL/sec]
a) Vortex Mix

Calibration Standards @ O, 2, 4, 6, 8, 10ppm Explosives & 5 ppm Surrogate Std, Triplicate {Output 250uL Insert}
d) Add Reagent: 75uL of Water [Asp: Auto@75uL/sec, Disp: 25mm@60ul/sec]
e) Serial Dispense: Start = 5, Increment =5 (5,10,15,20,25uL) of 100 ppm Explosives Spiking Standard [Asp:
Auto@75uL/sec, Disp: 25mm@60ul/sec]
f)  Make up to Volume: 250uL water [Asp: Auto@75uL/sec, Disp: 25mm@60uL/sec]
a) Vortex Mix
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Blank Standard @ 5ppm Surrogate Std, Duplicate {Output 250uL, Insert}
g) Reagent: 75uL of Pure Water [Asp: Auto@75uL/sec, Disp: 25mm@60ul/sec]
h) Make up to Volume: 250uL Pure Water [Asp: Auto@75uL/sec, Disp: 25mm@60ul/sec]
a) Vortex Mix

Pure Water Spiked Standard @ 5ppm Explosives & 5ppm Surrigate Std, Triplciate {Output 250uL, Insert}
i)  Add Reagent: 75uL of Pure Water [Asp: Auto@75uL/sec, Disp: 25mm@60ul/sec]
j)  Add Reagent: 12.5uL (5ppm) Explosives Spiking Standard [Asp: Auto@75uL/sec, Disp:
25mm@60ul/sec]
k)  Make up to Volume: 250uL Pure water [Asp: Auto@75uL/sec, Disp: 25mm@60uL/sec]
a) Vortex Mix

Blank River Water @ 5ppm Surrogate Std, Duplicate {Output 250uL Insert}]
1) Add Reagent: 75uL of River Water. [Asp: Auto@75ulL/sec, Disp: 25mm@60uL/sec]
m) Make up to Volume: 250uL River Water [Asp: Auto@75uL/sec, Disp: 25mm@60uL/sec]
a) Vortex Mix

Spiked River Water @ 5ppm Explosives & 5ppm Surrigate Std, Triplicate {Output 250uL Insert}
n) Add Reagent: 75uL of River Water [Asp: Auto@75ulL/sec, Disp: 25mm@60uL/sec]

0) Add Reagent: 12.5uL (5ppm) Explosives Spiking Standard [Asp: Auto@75uL/sec, Disp: 25mm@60uL/sec]
p) Make up to Volume: 250uL River Water [Asp: Auto@75uL/sec, Disp: 25mm@60uL/sec]
q) Vortex Mix

USPEed, Duplciate {Output 250uL Insert}

a) Add Reagent: 50uL Pure Water (Asp: Auto@60uL/sec {3600uL/min}, Disp: 25mm@60uL/sec {3600uL/min})

b) pSPEed Activate: 2 x 100uL Methanol (Asp: Auto @42ul/sec {2500uL/min}, Disp: Auto@33uL/sec
{2000uL/min})

c) PSPEed Condition: 2 x 100uL Pure Water (Asp: Auto @42uL/sec {2500uL/min}, Disp: Auto@33uL/sec
{2000uL/min})

d) pSPEed Load: 200uL Standards, Sample (Asp: 30mm @42ul/sec {2500uL/min}, Disp: Auto @16.5uL/sec
{1000uL/min})

e) WSPEed Wash: 200uL water (Asp: 30mm @42uL/sec {2500uL/min}, Disp: Auto @16.5uL/sec {1000uL/min})

f)  uSPEed Elute: 100uL Methanol (Asp: 30mm @42uL/sec {2500uL/min}, Disp: 25mm @16.5ulL/sec
{1mL/min})

g) Make up to Volume: 200uL with Pure Water

h) Vortex Mix
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MSPEed Ordering Information

Part Number Code
Silica Sorbents
C18 (ODS), 3um/ 120A silica ySPEed cartridges

01-10110 (Pkt 10).

; C18 (ODS), 3um/ 120A silica pySPEed cartridges
01-10111 (Pkt 50).
01-10115 SILICA, 3um/120A uSPEed cartridges (Pkt 10).
01-10116 SILICA, 3um/120A uSPEed cartridges (Pkt 50)

Speciality — Silica Sorbents

0110118 \1I\(/)AX (APS), 3um/120A pSPEed cartridges (Pkt
01-10185 PFAS-1, 3um/120A uSPEed cartridges (Pkt 10).

PS-PVB Polymer Sorbents

01-10149 PS/DVB, 3um/ 300A uSPEed cartridges (Pkt 50)

01-10150 PS/DVB, 3um/ 300A uSPEed cartridges (Pkt 10)

01-10151 PS/DVB-Phenyl, 3um/ 300A uSPEed cartridges
(Pkt 10)

01-10155 SAX-PS/DVB, 3um/Non Porous uSPEed cartridges
(Pkt 10)

01-10156 SCX-PS/DVB, 3um/Non Porous  uSPEed

cartridges (Pkt 10)

Cxyl, Customisable Chemistry Sorbents

01-10185 WSPEed, Cxyl-3um/120A (Pkt 10)

PREF

intelligent sample preparation

Description

3um/ 120A ODS spherical silica
Suitable for general organic compound applications.

3um/120A spherical bare silica
High purity silica for normal and HILIC applications

3um/ 120A Amino Propyl spherical silica

3um/ 120A spherical silica for PFAS applications

3um/ 300A spherical, crosslinked polystyrene divinyl benzene

3um/ 300A Phenyl (RP) spherical, crosslinked polystyrene
divinyl benzene

3um/Non Porous SAX spherical, crosslinked polystyrene
divinyl benzene

3um/Non Porous SCX spherical, crosslinked polystyrene
divinyl benzene

3um/ Carboxyl spherical inert silica packing.
Customisable chemistry applications

ePrep®is a patented and registered trademark of EPREP Pty Ltd.
XCHANGE® is a patented and registered trademark of EPREP Pty Ltd.
USPEed® s a patented and registered trademark of EPREP Pty Ltd
MXact is a patented and registered trademark of EPREP Pty Ltd
Endurance Syringe is a trademark of EPREP Pty Ltd

Other trademarks are trademarks of their respective owners
Specifications and Prices are subject to change without notice

© Copyright 2019, EPREP Pty Ltd

EPREP Pty Ltd
o 14/35 Dunlop Rd
Mulgrave VIC 3170
(p) +61 (0) 3 9574 3600
(e) info@eprep.com.au

(w) www.eprep.com.au
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