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EMPOWERING RESULTS

Sample Collection

Overview

An estimated 16,000 fireworks displays are held in the United States each 4% of July to
celebrate the national Independence Day holiday. The potential short-term
environmental impacts of such displays is explored in this presentation, where samples
of Lake Michigan water were collected from multiple locations before and after 4t of
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* Fireworks Launch Location
* Silver Beach Sample Location

Tiscornia Beach Sample Location

Analytical Parameters

« 60 mL samples were collected at each beach on July 2" and on
July 4™ (an hour after the fireworks show)

 pH was adjusted to 2 with HCI

« Samples were stored in freezer until analysis

SPME Arrow

Use of SPME Arrow allowed for 10x increase of
sorption volume over traditional SPME for capture of
volatile and semi-volatiles in water, with a thicker,
more robust fiber that decreased risk of breakage.

Comprehensive GCxGC

Gas
LECO Quad-Jet Thermal GCxGC

Classical SPME fiber
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10 mm X 100 pm sorption phase

Injection SPME Arrow, splitless @ 250 °C

Carrier Gas He @ 1.4 mL/min, Corrected Constant Flow

PAL SPME Arrow

-

Rxi-5ms, 30 m x 0.25 mm i.d. x 0.25 um coating (Restek,

PHITIE!S7 ST Bellefonte, PA, USA)

ﬁ Secondary Rxi-17SiIMS, 1.50* m x 0.25 mm x 0.25 ym coating
30 mm X 250 um sorption phase Column *1.00 m coiled in 2"4 oven and 0.31 m in transfer line
2 min at 40 °C, ramped 10 °C/min to 300 °C, hold for 5 min
' Pegasus GCxGC-HRT* Temperature
SPME Arrow Immersion Parameters Used for Water Samples Program Secondary oven maintained +5 °C relative to primary oven
Sorption Phase 1.5 mm DVB/Carbon WR/PDMS Modulator maintained +15 °C relative to secondary oven
Modulation 5.0 s; 1.00 s hot pulse time

Conditioning Temperature 270 °C Transfer Line 320 °C

Conditioning Time 1 min 'l ‘ — A : :
m ge—— — e High-Resolution Mass Spectrometry
Stirrer Speed 1200 rpm Resolution ACCUI'CICY LECO 5 D —
egasus Wi
Extraction Temperature 30 °C Spectrometer 2

lon Source

EXtraCUOn T|me 30 m|n Temperature 250 OC
Sample Desorb Time 2 min Mass Range 40-520 m/z
Acquisition Rate 200 spectra/s
Results
GCxGC TIC Contour Plots Table of Identified Compounds of Interest
Silver Beach Water
(Before Fireworks) Butyrolactone C,H;O, 425 s, 3.485 s lotion solvent
Benzeneacetaldehyde C H O 857 5455, 2.960 s fragrance --
Dibutoxymethane CgHZOO2 886 560s, 2.105 s emulsifier slight increase
Octanoic acid CgH 0, 945 660 s, 2.285 s pesticide slight increase
Benzoic acid C-HO, 873 660 s, 2.689 s insect bite treatment 4Xx increase
Methyl salicylate CgHgO, 934 690 s, 2.750 s fragrance slight increase
- b Benzothiazole C,H:NS 945 720, 3.270 s insecticide slight increase
el = Ll n-Decanoic acid C,oH500, 922 825s,2.230 s fragrance slight increase
&-Nonalactone C,H,O, 861 855 s, 3.000 s coconut fragrance newly present
Silver Beach Water Vanillin CgHg O, 839 860 s, 3.308 s vanilla fragrance newly present
(After Fireworks) Diisopropyl adipate C,,H,,0, 929 8955, 2.330 s skin softener 10x increase
Dimethyl phthalate C0H100, 866 900 s, 3.190 s iInsecticide slight increase
2,4-Di-tert-butylphenol C4H,,0 963 940, 2.442 s antioxidant -
Diethyltoluamide C,,H-NO 925 995, 2.970 s insecticide 5X increase
Diethyl Phthalate C,H.,0, 964 1005 s, 2.970 s fragrance; hair conditioner slight increase
N-n-Butylphthalimide C,,H;3NO, 907 1055 s, 3.085 s skin conditioner newly present
e 0 y-Dodecalactone C,,H,,0, 905 1060s, 2.710 s peach/apricot/strawberry fragrance newly present
U Hy 2
2-Ethylhexyl salicylate C,:H,,0, 908 1145, 2.410 s UVB ray absorber newly present
The contour plots qbove show a direct visugl comparison of resylts from water samples collected at the Homosalate C,H,,0, 922 1200 s, 2.495 s sunscreen A0x increase
Silver Beach location before and after the fireworks demonstration.
Oxybenzone C,,H,0, 923 1285 s, 3.360 s sunscreen newly present
: Diethylene glycol dibenzoate C,;H,.O 959 1510s, 3.455 s hair conditioner --
Benefits of GCxGC — 1S 2 .
Octocrylene C,,H,,NO, 925 1600 s, 3.005 s sunscreen 15x Increase
200560 ‘:Masses: XIC(60.0205x0.0005)+XIC(105.0698+0.0005)+XIC(105.0334+0.0005) . - -
Benefits of High-Resolution Mass Spectrometry
IPeak True - sample "Silver Beach POST", Benzothiazole, at 720 s, 3.270 s, Area (Counts) |Peak True - sample "Siver Beach POST", 2,4-Di-tert-butylphenol, at 940's, 2.442 s, Area (Counts)
| 135.0135 85 - 191.1431
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600 - 600 - - 600 High-resolution mass accuracy on the Pegasus HRT* 4D yields excellent mass accuracies for both fragments and molecular ions that
00 o O w00 1 o Y a0 occur. Here, mass accuracies of less than 2ppm aid in confident identification of benzothiazole, a sulfur- and nitrogen-containing
4B 7 i | B - §"> insecticide, and 2,4-Di-tert-butylphenol, a popular oxygenated sunscreen ingredient. Both compounds also scored a 3.0/4.0 (the
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Use of GCxGC allows for separation in the second dimension of compounds that would otherwise coelute in COnCI usSion
g.r‘e.'d'mens'ona' clonilie e eIl el Sajeelulsolflile SULCGUUNIEIG Al o pE Sl Although no direct chemical effects from fireworks were found in the water by this analysis method, SPME
istinct compounds were identified that shared the first dimension retention time. Because of the increase in . . . . : : : . :
chromatographic separation, better-quality deconvoluted spectra of these peaks could be generated for library Arrow used in conjunction with GCxGC-HRTOFMS provided a wealth of information about increases In
matching and identification for acetophenone, heptanoic acid, and 1-methyl-4-propylbenzene. chemicals from personal care products due to increased human traffic near the waterfront, with confident

identification of active ingredients from insect repellent, sunscreen, and a variety of summery fragrance
compounds.
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