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Introduction

Background Contamination

The data presented in Figure 1 shows that for the majority of the selected metals (6 out 10), the
Quartz Filter method blank results were below the verified instrument detection limit. For the other
four metals (Cr, Fe, Ni and Zn), the high blank levels increased the method LODs/LOQs by a
factor of 2 to 20 (Table 1). The levels for EP collection were all below the instrument LODs for all
metals.
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Electrostatic Precipitator Laminar Flow Hood System

Conclusion
We have validated the use of a 20-port EP system for the determination of metals in E-cigarette
aerosol; focusing on trapping efficiency, analyte recovery, and background contamination. The EP
system shows a decrease in background contamination and lower detection limits versus the
quartz filter method. The method LODs were significantly lowered versus the filter method,
Chromium for the filter collection method had an average method LOD of 103 ng/collection while
the LOD for the EP method was 5 ng/collection. The EP system offers an additional improvement
since the EP system has the ability to collect ~ 3.5 g of aerosol collected mass (ACM) while the
filter is limited to a maximum of ~ 0.8 grams of ACM. The ability to collect additional ACM
significantly reduces the method LOD on a per gram basis.

Acknowledgement: The team would like to thank Dr. Cameron Smith (currently at Altria Client
Services) for his contributions to the work in this presentation.

The determination of metals in E-cigarette aerosol has been routinely performed by collecting the
aerosol on quartz fiber filter pads1. The trapped aerosols are digested using acid dilution and
analyzed by ICP-MS. Using quartz filters has some major drawbacks as they contain detectable
levels of many of the metals of interest. Even more problematic is that the amount of metals
detected varies between filters and by filter lots. Each new lot of filters must be evaluated for
background levels to establish the associated method limit of detection (LOD). Even with
background subtraction, the quartz filter method exhibits elevated LODs and increased variability
near the method LOD.

In order to reduce background levels and improve the method LOD, we evaluated the use of an
electrostatic precipitation (EP) unit for aerosol collection to investigate trapping/collection
efficiency, background contamination, and analyte recovery. EP collection has long been
established in the collection of cigarette smoke2 and was more recently applied to E-cigarette
aerosol3.

Electrostatic precipitation collection was performed using a custom engineered and manufactured
electrostatic precipitator (EP) system, model HPS-EP5 (Halder Process Solutions, Moseley, VA,
USA), that comprises five individual tungsten electrode tips connected to a single power supply.
The custom EP system was designed to connect directly to the back of a linear 20-port smoking
machine, and be encased within a custom laminar flow hood (Enthalpy Analytical, Henrico, VA,
USA). Aerosol samples were collected directly into acid-washed quartz EP tubes.
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Figure 1 – Comparison of metal levels in quartz filter blanks vs EP blanks.

When comparing quartz filter pad and EP aerosol collection methods and the contamination
associated with each, electrostatic precipitation has several major benefits: (1) the EP tube is a
closed system, minimizing the potential for contamination, whereas filter pads require insertion
and removal from the holders using forceps, which is a potential source of contamination; (2) the
electrostatic precipitation system is enclosed in a laminar flow hood connected to the rear of the
20-port linear smoking machine which allows for collection and preparation without handling of the
samples; (3) no need to continuously reestablish the method LODs and LOQs as with the quartz
filter pad collection method and its associated filter pad lot-by-lot variation4.

Table 1 – Method Detection Limits

Figure 2 – Electrostatic Precipitator (EP) and laminar flow hood system  

Figure 3 – Electrostatic Precipitator (EP) system, model HPS-EP, between (left) and during (right) a 
puff.

To assess the aerosol collection efficiency, the electrostatic precipitator collection was based on
target aerosol masses rather than puff amounts. Three replicates at each target aerosol mass
(1.5, 2.75, and 4.0 g) were collected and the results are summarized in Table 3. Figure 4 shows
an example of the trapped aerosol collected during an electrostatic precipitation collection. Results
indicated that as the amount of collected aerosol increased, no significant effect on collection
efficiency was observed.

Table 2 – Comparison of the collection methods using Market samples

Figure 4 – Trapped aerosol collected 

Table 3 – Trapped Aerosol Collection Efficiency

Aerosol Collection Efficiency

In general, both filter pad and electrostatic precipitation collection methods gave similar results.
Commercial e-vapor products, two cigarette-like and two pod-based, showed no quantifiable levels
(below LOQ) of As, Ag, Cd, Sn, and Pb, irrespective of collection method. In 3 out of the 4
commercially available products, Ni was observed in the trapped aerosol, ranging from low
amounts (0 – 38.7 ng/g) in Market Samples 2, 3, and 4 to higher amounts (180 – 400 ng/g) in
Market Sample 1. In Market Samples 2 and 4, Cu amounts ranged from 341 to 700 ng/g while
Market Samples 1 and 3 showed no detectable levels. Market Sample 1 was the only device to
have quantifiable results of Cr ranging from 116 – 138 ng/g. Although Market Sample 1 showed
mixed results for Fe and Zn, Market Samples 2, 3, and 4 showed no quantifiable levels. The
inconsistency in the unexpected EP collection Fe and Zn results for Market Sample 1 and Sn
results for Market Samples 3 and 4 could suggest that contamination occurred.

Device Weight 
Loss (g)

Aerosol Weight in 
EP Tube (g)

Collection Efficiency 
(%)

1.551 ± 0.234 1.558 ± 0.261 100.3 ± 2.8
2.784 ± 0.063 2.756 ± 0.057 99.0 ± 0.4
4.022 ± 0.232 3.877 ± 0.224 96.4 ± 3.1

Analyte Method Market 1 Market 2 Market 3 Market 4

Weight (g) Filter Pad 0.411 ± 0.048 0.520 ± 0.024 0.148 ± 0.023 0.652 ± 0.011
EP 0.410 ± 0.019 0.550 ± 0.050 0.111 ± 0.031 0.742 ± 0.021

Cr (ng/g DWL) Filter Pad 138 ± 24 < (96) < (338) < (77)
EP 116 ± 28 < (18) < (90) < (13)

Fe (ng/g DWL) Filter Pad < (730) < (577) < (2030) < (460)
EP 607 ± 706 < (182) < (904) < (134)

Ni (ng/g DWL) Filter Pad 400 ± 92 37 ± 4.2 < (85) 22.8 ± 2.7
EP 180 ± 60 20.8 ± 2.5 < (45) 22.3 ± 7.3

Cu (ng/g DWL) Filter Pad < (122) 1050 ± 470 < (338) < (77)
EP <  (61) 700 ± 281 < (226) 341 ± 125

Zn (ng/g DWL) Filter Pad 141 ± 49 < (673) < (2368) < (537)
EP 1000 ± 50 520 ± 462* < (1356) 248 ± 70*

As (ng/g DWL) Filter Pad < (122) < (96) < (338) < (77)
EP < (24) < (18) < (90) < (13)

Ag (ng/g DWL) Filter Pad < (12) < (10) < (34) < (8)
EP < (2) < (2) < (9) < (1)

Cd (ng/g DWL) Filter Pad < (12) < (10) < (34) < (8)
EP < (2) < (2) < (9) < (1)

Sn (ng/g DWL) Filter Pad < (122) < (96) < (338) < (77)
EP < (24) < (18) 1026 ± 593 70 ± 24*

Pb (ng/g DWL) Filter Pad < (12) < (10) < (34) < (8)
EP < (6) < (5) < (23) < (3)

* Values are below the LOQ and are approximate.
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