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Persistent Organic Pollutant (POP) Analysis in Developing Countries: Refinement and Confirmation of GCxGC-TOFMS Technology

Peter Gorst-Allman’, Jayne de Vos?, and Joe Binkley? | 'LECO Africa Pty Ltd., Kempton Park, South Africa; ?National Metrology Institute of South Africa, Lynnwood Ridge, South Africa; SLECO Life Science and Chemical Analysis Centre, St. Joseph, MI, USA

South Africa, as with many developing countries, has no established GC-HRMS facilities for dioxin
analysis. A need exists to develop an alternative solution which is affordable, easy to manage, and
aligned to the country’s needs. The resultant analytical approach must be robust, must provide fast
turnaround times, and must screen for many classes of environmental pollutants (POPs) in a single
analysis. GCxGC-TOFMS provides enhanced selectivity through the added peak capacity of GCxGC, and
the necessary sensitivity through the focusing effect of the modulator. It is NOT a target molecule
technique (such as SIM), so it is ideal for the screening for multiple compound classes.

Masses: 322 334 356 368 390 402 424 436 460 472 306 318 340 352 374 386 408 420 444 456

Temperature Program and
Column Combinations
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Initial 80.00 1.00 Hexa congeners

20.00 220.00 0.00

2.00 240.00 0.00

1.00 250.00 0.00 Rxi-XLB (30m x 0.25mm x 0.25um)
5.00 260.00 0.00

w OO 270 OO O OO EPA1613 CS5 200-2000 ng/ml

5.00 31000  2.00 2001 I
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TCDD Sensitivity:
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(30m x 0.25mm The calibration 3 oo
curve for TCDD 50.1007 A1613 CS3 10-100 ng/ml:1
X 0.25 m d . o 00300
H f shows this crucial 0.7501 -
anialyite aif 0.500_ 0:020(} PA1613CS2 2-20ng/ml: 1
= Concen ra |0nS rom “EPA16130.25-2.5ng/ml: 1
nd c - PA1613 CS4 40-400 ng/ml:1 S B s
27< Dim: Rix-200 250 fg to 200 pg on 0.2501 i oo
(.I A41m x column, using al PA1613 CS3 10-100 ng/ml:1 -
0'| 8mm X 02 [1| iniec’rion PA16130.2?-2.5ng/ml:1| | | | |
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l‘l m df) Concentration

y= +0.0102161x + 0.000851118
r =0,99972

Peak True - sample "EPA 1613 A par 500 fg on column:1", peak 2, at Spec # 18677

EPA1613 requir roof that there is n
613 equires proo N [ 1 10 Mass spectrum of 2,3,7,8-TCDD at 500 fg on column
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Real
Samples

* Two sterilized soil samples were spiked with \

native dioxins at two different concentration
levels

* After adding labeled material, extraction by
accelerated solvent extraction, clean-up (GPC)
and concentration, we were able to calculate the
LODs for the material in the soil samples

*Using a S/N ratio of 3:1, we were able to
calculate the following LODs for 2,3,7,8-TCDD:

sample 1: 353 fg
*sample 2: 322 fg
* This is consistent and gives us confidence that the
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method can attain the low levels for 2,3,7,8-
TCDD required by EPA 1613 (500 fg)

Sample 1 (fly ash)

* Extraction, clean up and GC-HRMS analysis of real
samples was performed by the EPA, Taiwan

* Results obtained by GC-HRMS were compared with
GCxGC-TOFMS results and are reported in the E,

CS1:1 500 fg/ pl
Instrument S/N = 97
(ChromaTOF
software)

accompanying table

Sample 2 (sediment)

Sample 3 (sediment)

Sample 4 (standard,

no extraction)

GCxGC-TOFMS is unique in that it is the only technique which has the ability to analyze complex
samples and evaluate all the components at the levels needed for POP determination in one
analysis. As such it can fill an extremely important role in the preliminary screening of environmental
samples, providing rapid and comprehensive determination of whether a sample contains
components harmful to human and animal health.

An investigation was conducted at a waste disposal facility suspected of dumping toxic waste into
the environment. Three samples were taken at different locations, and submitted for analysis. The
samples were screened for numerous POPs. We shall examine results for one sample only.

Sample extraction and purification was done by Prof. Jef Focant at the University of Liege, Belgium.
A 1 gram portion of sample was soxhlet extracted with toluene. Solvent exchange to hexane was
performed followed by chromatography on a multilayer silica column (AgNO;, 22% acid, 44% acid,
basic). The final concentrated extract was then passed through a Pasteur pipette type acidic silica

column prior to injection. Samples were analysed by GCxGC-TOFMS (South Africa) and GC-HRMS
(Belgium).

GCxGC TOFMS

First Dimension Column Rtx-5SiIMS (30 m x 0.25 mm id x 0.25 pym df) Acquisition Delay 600 s

Second Dimension Column Rtx-PCB (1.1 m x 0.18 mm id x 0.18 ym df) Start Mass 100u
Carrier Gas Helium End Mass 520u
Injection Mode Splitless Acquisition Rate 50 spectrals
Injection Volume 2l Detector Voltage 1950V

Flow Mode Corrected constant flow via pressure ramps Electron Energy -80V

Flow Rate 1.00 ml/min Mass Defect Setting  -40 mu/100u
Inlet Purge Time 60 s !|?enms|;:;r|:t:3re 250°C

Inlet Temperature 250°C

First Dimension Column
Temperatures

140°C for 1 min, ramp at 20°C to 180°C, no
hold, then at 3°C to 295°C, hold for 3.67 min

Second Dimension Column 160°C for 1 min, ramp at 20°C to 200°C, no

Temperatures hold, then at 3°C to 315°C, hold for 3.67 min
Transfer Line Temperature 270°C
Modulation Period 5s

interference on the signals of 2,3,7,8-
TCDF and 2,3,7,8-TCDD by other

TCDFs and TCDDs. This was

investigated using PCDD/PCDF
window defining & isomer specificity

test standard (CIL EDF-4147)

The isomer specificity requirements for
EPA Method 1613 are fully achieved
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Masses: 306 318

°TOF PHRMS CE)FF dT;AFAS TOF PHRMS TE)FF dT;AFAS oTOF PHRMS
208 32 26 16 13 68 73 65 69 55 50
sl 1« 16 69 78 43 48 41 45 53 93
el 1« 13 68 66 65 76 06 07 39 50
frpddelll 17 16 84 80 14 14 13 13 17 13
],’_,2;26768'9 12 9.4 6.0 4.7 10 11 1.0 1.0 11 9.2
;'_":_;z':l')‘l’)”' 123 77 61 38 197 124 19 1.1 140 85
ocDD 283 240 01 01 1000 940 01 01 724 703
:&361'8- 25 21 12 11 47 47 4.4 4.5 10 18
:,fég'z /8- 43 46 11 11 20 14 0.9 0.8 7.8 6.3
yeCloglll 107 129 270 320 215 246 102 116 19 14
il oz 100 46 48 217 235 20 22 131 118
Frpdalll 105 105 52 52 2 17 20 1.6 24 21
el 197 174 98 86 20 16 19 15 12 6
sl 2 29 16 14 81 67 08 06 97 80
;’_'f_;z'é'l';l’:”' 400 412 20 21 670 740 63 7.0 466 490
;'_";;2':61'8' 58 48 29 24 17 13 02 01 33 29
OCDF 232 266 01 01 80 920 01 01 1390 1400

TOTAL
PCDD/Fs

640

680

?SFF d';'g:s °TOF PHRMS
268 242 19 18
26 45 75 77
1.9 2.4 49 52
8.1 6.4 51 56
5.2 4.8 54 41
6.8 4.1 69 35
0.3 0.3 96 100
4.9 8.6 37 42
1.9 1.5 50 48
46 33 51 49
63 57 50 51
12 10 50 45
5.9 3.0 50 44
4.7 3.9 72 66
23 24 47 48
1.6 1.4 52 43
0.7 0.7 97 103

TOF  9HRMS
TEF TEF
19 18
75 77
4.9 5.2
5.1 5.6
5.4 4.1
0.7 0.4
0.01 0.01
3.7 4.2
2.5 2.4
25 25
5.0 5.2
5.0 4.5
5.0 4.4
7.2 6.6
0.5 0.5
0.5 0.4
0.01 0.01

165

HR-GCMS results provided courtesy of Dr Peng, EPA, Taiwan , using the 1998 World Health Organization (WHO)
Toxicity Equivalency Factor (TEF) values

“TOF: GCxGC-TOFMS results (pg/ ul), "HRMS: GC-HRMS results (pg/ ul)

“TOF TEF: GCxGC-TOFMS TEQ results calculated per weight of sample extracted (hg WHO TEQ.kg-'), “HRMS TEF:

GC-HRMS TEQ results (ng WHO TEQ.kg')
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Masses: AIC
|

1D Retention time (s)
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The software locates more than 7000 components in the sample. We need to identify possible
pollutants among all the other components (mostly matrix) present. We need to find the diamonds in
the dirt!

An Apex plot of the results obtained in the above GCxGC-TOFMS chromatogram simplifies the visual
complexity of the chromatogram, and after applying scripting, it is then easier to present a visual
picture of some of the priority pollutants present in these complex environmental samples as
depicted in the accompanying diagrams.
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The ChromaTOF® scripting software uses Microsoft VB script language to write functions that define
compounds of interest using mass spectral criteria. So we can use the scripts to filter data in a sample
to locate only those compounds we are interested in. The process is ultra fast, and can save large
amounts of time for complex samples. As we are looking for environmental pollutants, many of which
contain chlorine, we can apply a script which searches for chlorinated compounds only.
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«  GCxGC-TOFMS is a viable tool for dioxin screening and quantitation, especially in cases where
PCDD and PCDF levels are > 1 ppb (environmental applications)

* The technique is probably not applicable to biological work at much lower levels (< 250 fg/ul)

 The Rxi-XLB:Rtx-200 column combination provides excellent separation of the compounds
mandated for analysis by EPA 1613, provided careful temperature programming is implemented

¢  ChromaTOF software provides many features useful for dioxin analysis

« The GCxGC-TOFMS methodology has been tested on many real world samples (only some of
the results are shown here)

* In the cases where GC-HRMS results were available, a comparison of results between the two
technologies revealed very good agreement

 The method can be used as a general POP screen, even in extremely complex environmental
samples, and is capable of locating PCDDs, PCDFs, PCBs, PAHs, and numerous other POP
compound classes in one run

« The method also meets the isomer specificity criteria as detailed in EPA Method 1613

*  Window defining parameters have been achieved with the EDF-4147 standard test sample
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Roger Dixon and Superintendent Gerhard Vermeulen from the South African Police Services, Prof.
Jef Focant from the University of Liége, Mr. Jack Cochran from Restek, Dr. Don Hamilton from the
Centre for Disease Control, Dr. David Peng from the EPA in Taiwan.
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