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Abstract
A liquid sampling-atmospheric pressure glow discharge (LS-APGD) ionization source operating at a nominal power of 30 
W and solution flow rate of 30 µL min−1 and supported in a He sheath gas flow rate of 500 mL min−1 was interfaced to an 
Orbitrap mass spectrometer and assessed for use in rapid identification of inorganic and organic arsenic species, including 
As(III), As(V), monomethylarsonic acid, dimethylarsinic acid, and arsenobetaine in a 2% (v/v) nitric acid medium. Mass 
spectral acquisition in low-resolution mode, using only the ion trap analyzer, provided detection of protonated molecular 
ions for AsBet (m/z 179), DMA (m/z 139), MMA (m/z 141), and As(V) (m/z 143). As(III) is oxidized to As(V), likely due 
to in-source processes. Typical fragmentation of these compounds resulted in the loss of either water or methyl groups, as 
appropriate, i.e., introducing DMA also generated ions corresponding to MMA and As(V) as dissociation products. Structure 
assignments were also confirmed by high-resolution Orbitrap measurements. Spectral fingerprint assignments were based 
on the introduction of solutions containing 5 µg mL−1 of each arsenic compound.
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Introduction

Characterization of anthropogenic and biogenic metal and 
metalloid species in biological and environmental compart-
ments is of substantial interest as their potential mobility, 
bioavailability, environmental behavior and toxicity are 
often highly dependent on their specific chemical forms 
and oxidation states [1]. The use of high-resolution chro-
matography coupled with element-specific detection sys-
tems (notably ICP-MS) has substantially advanced the state 
of speciation analysis; however, since identification often 
may rest solely on species retention times, issues arise when 
analyte calibration standards are not available to identify 
responses from unknown species present in complex (natu-
ral) samples [2–4]. Consequently, since the early days of 
speciation analysis, there have been ongoing efforts to 
apply unambiguous analytical strategies based on “organic” 

molecular mass spectrometry for the structural identification 
of analyte species. For volatile compounds, GC separations 
with traditional electron ionization (EI) mass spectrometry 
(MS) have been utilized [5, 6] or interfaced with external 
element-specific detection systems [7, 8], whereas electro-
spray ionization (ESI) MS has been the method of choice 
for analysis of targeted and non-targeted non-volatile, polar, 
or ionic molecular species [9, 10]. Despite a lack of com-
prehensive species-specific calibrants, identification issues 
can largely be obviated based on ESI coupled with high-
resolution accurate mass spectrometry. Although not with-
out issues (for quantitation), including matrix effects [11] 
and species-specific response [9, 12], this approach permits 
intact molecules to be targeted and identified based on their 
accurate mass or fragmentation signatures instead of detect-
ing specific elements [13].

In addition to ESI strategies, there has been a growing 
interest in the development of complementary/alternative 
atmospheric pressure low temperature (soft) desorption/
ionization sources [14]. Amongst these are commercially 
available direct analysis in real time (DART) and desorp-
tion electrospray ionization (DESI) devices, which are based 
on the exposure of analyte to the afterglow/ion plume of a 
(typically He) corona discharge or an electrospray source of 
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highly charged aqueous aerosol to desorb and ionize ana-
lyte molecules from support surfaces, respectively [15, 16]. 
Using a DART ionization source, detection of B, As, Fe, Hg, 
Pb, Pd, Se, and Sn species has been reported [17–21]. DART 
has been coupled to a variety of separation techniques, 
including GC, HPLC, CE, and TLC, and these applications 
take advantage of this ion source being able to interrogate 
complex, multiphase systems originating from a chemical 
vapor generation process.

Several additional atmospheric pressure plasma sources 
capable of generating molecular ions and fragments useful 
for speciation analysis have been reviewed by Shelley et al. 
[22]. Of significant potential are atmospheric pressure glow 
discharge devices (APGD), such as the flowing atmospheric 
pressure afterglow (FAPA), suitable for the characterization 
of both gas phase and solid compounds [23, 24] as well 
as various embodiments of liquid-based atmospheric pres-
sure glow discharges wherein the glow discharge plasma is 
established in the gap between the sample solution and an 
electrode under high voltage, with liquids effectively serv-
ing as one or both of the discharge electrodes. Both solu-
tion anode and solution cathode variants have been studied 
[25]. Based on the pioneering work of Cserfalvi and Mezei, 
who developed the electrolyte-cathode discharge [26], Webb 
et al. [27] subsequently simplified the device and termed it a 
solution cathode glow discharge (SCGD).

As early as 2001, Marcus and Davis [28] further refined 
this basic source to develop a true liquid LS-APGD micro-
plasma operating in a total consumption mode (30–100 µL 
min−1), eventually realizing an efficient source for combined 
atomic and molecular (CAM) ionization yielding excellent 
performance in both modes [29–31]. When subsequently 
coupled to high-resolution Orbitrap instrumentation, the full 
potential of this microplasma device was realized [32, 33]. 
The latter publication highlighted the usefulness of the LS-
APGD source for the production of molecular species of 
interest to the field of speciation. The degree of fragmenta-
tion (atomic vs. molecular) can be tuned via changes in the 
electrolyte composition, the discharge current, and the use 
of multiple counter electrodes [34].

Arsenic is amongst a growing set of elements (viz. mer-
cury, selenium, tin, chromium, copper, sulfur, and phospho-
rus) that have received significant attention from the specia-
tion community. The rich biochemistry of arsenic, especially 
in marine environments, is well appreciated as it is present 
not only as water-soluble but also lipophilic compounds 
[35]. Apart from the studies by Hoegg et al. [33] and Zhang 
et al. [36], very few additional applications of the LS-APGD 
source for elemental speciation have been published to date. 
Herein, we provide the first preliminary report on the char-
acterization of the LS-APGD source coupled to an ion trap 
mass spectrometer for the rapid identification of a simple 
suite of low molecular weight arsenic species, including 

arsenous acid [As(III)], arsenic acid [As(V)], monometh-
ylarsonic acid (MMA), dimethylarsinic acid (DMA), and 
arsenobetaine (AsBet) presented in an electrolyte medium 
of 2% (v/v) nitric acid. Since a dilute nitric acid electrolyte 
is used as the conductive medium, it is evident that the pro-
tonated species of these compounds will be present in the 
test solutions. Given the LS-APGD’s unique ability to act 
as a CAM ionization source, information was obtained from 
both inorganic and organic arsenic species in a single analy-
sis, something which is hampered by low sensitivity with 
traditional ionization sources coupled to liquid-based mass 
spectrometric platforms (i.e., ESI). In addition to providing 
more coverage of the possible inorganic and organoarse-
nic compounds, the low power and gas requirements of the 
LS-APGD make it an ideal source for field-portable mass 
spectrometers, resulting in an analytical platform capable 
of delivering rapid, high-quality, on-site analysis for data-
driven studies in the field.

Experimental

Instrumentation

Liquid sampling‑atmospheric pressure glow discharge 
(LS‑APGD)

A dual-electrode LS-APGD ionization source, described 
previously [37] and graphically depicted in Fig. 1, was 
used for all measurements. This ionization source consists 
of two stainless steel powered anode electrodes (weldable 
feedthrough, MDC Vacuum Products, LLC, Hayward, CA) 
and a grounded solution cathode. The solution cathode com-
prises two components: an outer stainless steel tube (0.04 
in I.D. × 1/16 in O.D.; McMaster-Carr, Elmhurst, IL) that 
directs a helium sheath gas to the plasma and a concentric 
inner silica capillary (250 μm I.D. × 360 μm O.D.; Molex, 
Lisle, IL) that delivers the electrolyte (sample) solution to 
the plasma. The discharge is sustained between both pow-
ered anodes and the grounded solution cathode. A control 
module, designed and built by GAA Custom Electronics 
(Kennewick, WA), was used to supply power and adjust-
able solution flow to the plasma discharge. A six-port, two-
position Rhedoyne valve was equipped with a 20-µL sample 
loop. A solution flow rate of 30 µL min−1, a He sheath gas 
flow rate of 500 mL min−1, an inter-electrode gap of 1.5 mm, 
and a discharge current of 30 mA at a discharge voltage of 
approximately 500 V were used for all measurements.

A Thermo LTQ Orbitrap was used with no modifica-
tions other than the removal of the manufacturer’s ioniza-
tion source (ESI) and its replacement with the LS-APGD 
ionization source. Only the quadrupole ion trap analyzer 
was used to generate mass spectral transients with a 
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typical ion injection time of 10 ms and 10 microscans 
per scan. Mass ranges of 50–200 m/z or 50–150 m/z were 
used for most measurements. After identification of the 
protonated molecular ion for organic arsenic species, the 
protonated ion was isolated (width of 1 Da) and frag-
mented using 35 eV of collisional induced dissociation 
(CID) in the ion trap. Additionally, 100 eV of in-source 
collisional induced dissociation (SID) was used in the 
high-pressure region of the sampling interface to generate 
fragmentation spectra shown in Fig. 2c and Fig. 7.

Reagents

Arsenic(V) oxide (99%), arsenic(III) oxide (99.995%), 
monomethylarsonic acid (99%) (MMA), and dimethylarsinic 
acid (99.0%) (DMA) were purchased from Sigma-Aldrich 
(St. Louis, MO). Reference material ABET-1 (National 
Research Council Canada, Ottawa) served as the source for 
arsenobetaine (AsBet). Table 1 summarizes these analyte 
species and their chemical structure. Test solutions (5 µg 
mL−1 (as As) for each compound) were prepared in 2% (v/v) 
nitric acid, which has historically been used as an electrolyte 
solution for elemental analysis with the LS-APGD, given the 
solubility of nitrate salts [32]. In conjunction with a 20-µL 
injection loop, analytical response arises from 100 ng total 
analyte (as arsenic) delivered to the LS-APGD.

Results

Inorganic arsenic species

Arsenic(V)

Delivery of As(V) to the LS-APGD microplasma ioniza-
tion source operated in positive MS ion mode results in 
the detection of the protonated molecular ion at m/z 143 
[AsH3O4 + H]+. As shown in Fig. 2a, a peak at m/z 161 was 
also observed, likely resulting from the addition of water to 
the protonated molecular ion. When the protonated molecu-
lar ion at m/z 143 was subjected to 35 eV CID, the loss of 
water yielded a peak at m/z 125 [AsHO3 + H]+, as shown 
in Fig. 2b. By applying 100 eV SID, a peak at m/z 91, cor-
responding to [As = O]+, as well as a peak at m/z 109 aris-
ing from the latter’s association of a water molecule ([As 
H2O2]+) were detected, as evident in Fig. 2c.

Fig. 1   Schematic of major 
components of the LS-APGD 
ion source

Fig. 2   Mass spectral scan of 100 ng As(V). a Full scan of As(V) 
without CID or SID. b Fragmentation of protonated As(V) after iso-
lation and application of 35 eV CID. c Fragmentation pattern after 
application of 100 eV of SID to the full injection transient
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Arsenic(III)

No significant difference is evident between the mass spec-
trum arising from the introduction of a 20 µL solution 
of 5 µg mL−1 As(III) and that from 5 µg mL−1 As(V), as 
shown in Fig. 3, with the primary peaks observed at m/z 
143 being the same as the protonated molecular ion for 
As(V). It is suspected that this is due to in-source oxida-
tive processes. Brief studies (not shown) were conducted 
using a solution of methanol and water (70:30 v/v respec-
tively), which also showed similar spectra between As(V) 
and As(III), which suggests the similarity in spectra is 
not related to the electrolyte solution, but perhaps due to 
gas-phase reactions with radical oxygen species. The same 
protonated molecular ion at m/z 143 and fragments and 
adducts at 161, 125, and 109 are also evident. While hav-
ing the same spectral signatures can be thought of as prob-
lematic, these two inorganic arsenic species are readily 

Table 1   Arsenic species examined and their structure

Name Abbreviation Structure

Arsenic (V) oxide As(V)

Arsenic (III) oxide As(III)

Monomethylarsonic Acid MMA

Dimethylarsinic Acid DMA

Arsenobetaine AsBet

Fig. 3   Mass spectral scan of 100 ng As(III). The spectrum is similar 
to that obtained for As(V) in Fig. 2a
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separated chromatographically [38] and themselves have 
distinct spectral features versus organoarsenic species.

Organoarsenic species

Monomethylarsonic acid (MMA)

A protonated molecular ion of MMA at m/z 141 
[CAsH5O3 + H]+ was detected using LS-APGD, as shown in 
Fig. 4. Additionally, peaks at m/z 143, 161, and 109 are also 
present, common to those found from the inorganic As(V)/
As(III) species noted earlier. When the protonated molecu-
lar ion was subjected to 35 eV CID, a peak at m/z 123 was 
observed, indicating a similar water loss pattern as noted for 
As(V) in Fig. 2b. Interestingly, introducing a standard MMA 
solution generates significant signals corresponding to those 
characteristics of inorganic arsenic. Although solutions of 
MMA were verified as being free of inorganic arsenic, signal 
intensities at m/z 143 (inorganic arsenic) and m/z 141 (proto-
nated MMA) are similar. The presence of inorganic arsenic 
peaks is likely due to systematic demethylation/oxidation of 
MMA in the relatively energetic source.

Dimethylarsinic acid (DMA)

The mass spectrum arising from DMA is shown in Fig. 5, 
revealing a unique peak at m/z 139 arising from the proto-
nated molecular ion [C2AsO2H7 + H]+. Additionally, peaks 
at m/z 141 [CAsH5O3 + H]+ characteristic of MMA, as well 
as m/z 143, 161, and 109, are common to those found for 
inorganic arsenic. As with MMA, the presence of charac-
teristic inorganic arsenic signatures is suspected to be due 
to demethylation/oxidation in the ion source. As with MMA 
and inorganic arsenic, subjecting the protonated molecular 

ion (m/z 139) of DMA to 35 eV CID resulted in fragments 
corresponding to the loss of water (not shown).

Arsenobetaine (AsBet)

In common with other organic arsenic species, the introduc-
tion of AsBet produced a unique protonated molecular ion at 
m/z 179 [C5AsH11O4 + H]+, as shown in Fig. 6. In addition, 
other unique fragments are also present at m/z 135, corre-
sponding to [C2AsH4O2]+ and 120, as [C3AsH9]+. The peak 
observed at m/z 120 was previously reported as an AsBet 
CID fragment with ESI-MS [39]. A small peak appears at 
m/z 105, which is consistent with [C2AsH6]+, a previously 

Fig. 4   Mass spectral scan of 100 ng As as MMA. A unique signature 
was generated at m/z 141 representing protonated MMA

Fig. 5   The mass spectral scan of 100 ng As as DMA generated a 
unique signature at m/z 139 representing protonated DMA. The inset 
shows the expanded region between 130 and 150 Da

Fig. 6   Mass spectral scan of 100 ng As as AsBet showing unique 
fragments at m/z 179 (representing protonated AsBet) as well as at 
135, 120, and 105. The inset shows an expanded view between 134 
and 144 Da
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reported AsBet CID ESI–MS fragment used to confirm 
the presence of a trimethylarsonio moiety in an unknown 
organic arsenic species detected in coral reef fish [40]. In 
addition, a CID ESI–MS fragment at 105 has also been 
reported for arsenocholine, adding further to the use of this 
peak as a marker for trimethylarsonio organoarsenic com-
pounds [39]. The presence of the m/z 105 peak illustrates 
the LS-APGD’s ability to provide fragmentation indicative 
of the molecular formula without using a subsequent frag-
mentation operation further along the ion beam path, such 
as CID. A peak appears at m/z 139 [C2AsO2H7 + H]+ as seen 
in DMA, and a peak at 141 [CAsH5O3 + H]+ as seen for 
MMA. In addition, the “inorganic peaks” at m/z 143, 161, 
and 109 are also present. Identification of the peak at m/z 
161 is complicated by studies performed applying 35 eV 
of CID to an isolated moiety at m/z 179 (not shown). This 
process resulted in loss of water from protonated AsBet at 
m/z 161 [C5AsH10O]+, a fragment previously reported by 
McSheehy et al. during fragmentation studies using ESI-MS 
[41]. Given that other peaks indicative of inorganic arsenic 
are present without fragmentation, it is likely that the peak at 
m/z 161 is common to those found for inorganic arsenic. The 
peak at 161 possibly reflects the loss of water from AsBet 
as well as AsH6O5

+.

Peak assignment summary

Table 2 summarizes characteristic peaks present in the mass 
spectra along with their likely assignments. It is evident that 
As(III) and As(V) are indistinguishable, likely due to the 
oxidizing environment provided by the ion source. However, 
unique protonated molecular ions are generated for MMA, 
DMA, and AsBet at m/z 141, 139, and 179, respectively, as 
well as at m/z 105, 120, and 135, arising from the fragmen-
tation of AsBet. Most structure assignments were corrobo-
rated by high-resolution orbitrap-MS measurements. Based 
on the presence of these unique peaks, it is clear that the 
LS-APGD source can ionize organoarsenic species, resulting 
in mass spectra that can be used for qualitative identification 
of unknown arsenic compounds.

In‑source collisional induced dissociation (SID)

In an attempt to illustrate the potential of the LS-APGD to 
serve as a species independent ion source for detection of 
total arsenic content in a manner similar to ICP-MS, the 
impact of 100 eV of SID was examined across the test spe-
cies. All inorganic and organic arsenic compounds tested 
fragmented to yield a base peak at m/z 91, as shown in 
Fig. 7. This peak, evident in both spectra generated from 
inorganic As and organic As under the same conditions, is 
assigned as [As = O]+. McSheehy et al. also noted this peak 
in a time-of-flight mass spectrum generated during ESI–MS 

Table 2   Characterization of inorganic and organic arsenic species

Compound m/z Elemental formula

As(V) 109 [AsH2O2]+

143 [AsH3O4 + H]+

Protonated As(V) molecular ion
161 [AsH6O5]+

As(III) 109 [AsH2O2]+

143 [AsH3O4 + H]+

161 [AsH6O5]+

MMA 109 [AsH2O2]+

141 [CAsH5O3 + H]+

Protonated MMA molecular ion
143 [AsH3O4 + H]+

161 [AsH6O5]+

DMA 109 [AsH2O2]+

139 [C2AsH7O2 + H]+

Protonated DMA molecular ion
141 [CAsH5O3 + H]+

143 [AsH3O4 + H]+

161 [AsH6O5]+

AsBet 105 [C2AsH6]+

109 [AsH2O2]+

120 [C3AsH9]+

135 [C2AsH4O2]+

139 [C2AsH7O2 + H]+

141 [CAsH5O3 + H]+

143 [AsH3O4 + H]+

161 [AsH6O5]+

[C5AsH10O]+

179 [C5AsH11O2 + H]+

Protonated AsBet molecular ion

Fig. 7   Effect of 100 eV SID on targeted arsenic species. The main 
peak arising for all compounds at m/z of 91 illustrates that high levels 
of SID can be used to reduce organic species and provide an estimate 
of total arsenic



3591Characterization of arsenic species by liquid sampling‑atmospheric pressure glow discharge…

interrogation of DMA but, within the uncertainty of the 
mass assignment, could not unequivocally discern between 
[CAsH4]+ and [As = O]+ [41]. To rule out an assignment of 
[CAsH4]+ for the organoarsenic compounds tested, a spec-
trum of both AsBet and As(V) with 100 eV of SID was col-
lected with the ion trap in high-resolution mode (ultrazoom), 
which resulted in a peak within 0.01 Da for the peak at m/z 
91 for both compounds, indicating that the peak is likely the 
same between the two compounds. Given the highly oxi-
dative environment of the microplasma evident throughout 
these studies, an assignment of [As = O]+ is more probable; 
however, additional studies are necessary to draw a defini-
tive conclusion. Based on the similar fragmentation pattern 
seen for both inorganic and organoarsenic compounds, it 
may be possible to perform a total arsenic screening analysis 
without prior knowledge of the possible constituents of the 
sample. Since dissociation is occurring in the source, no 
prior knowledge is necessary, i.e., a unique peak does not 
need to be isolated and fragmented to provide a character-
istic, arsenic-indicating signature for all the organometallic 
arsenic species tested.

Estimated limit of detection

As the primary focus of this study was a qualitative char-
acterization of the LS-APGD source for arsenic speciation 
and not quantitative determinations, calibration curves and 
low-concentration injections were not examined. However, 
estimates of the limits of detection (LOD) in the low 10’s 
of ng mL−1 range (as arsenic) for the targeted species were 
obtained based on Eq. 1. These LODs compare favorably 
to those reported for organic arsenic with ESI sources [42, 
43]. It is worth noting that these results were generated with-
out fully optimizing plasma discharge conditions and mass 
spectrometer parameters which could result in substantial 
improvements in detection limits.

Discussion

Structural/species assignments described above were based 
on unit resolution ion trap MS analyses supplemented by rel-
evant published literature on the MS detection of these com-
pounds. The experimental design and objectives presented 
herein are quite simplistic. Clearly, HPLC can be readily 
utilized as the sample introduction methodology compat-
ible with the operation of this LS-APGD. Thus, matrix-free 
(minimized) elution of (extracted) arsenic species can be 
achieved, which, at the least, mimics the performance of the 

(1)

LOD =
3 × �blank × Sample Concentation as As (ngmL

−1)

Protonated Peak Height

limited suite of small molecule calibration solution stand-
ards individually characterized in this study. As this CAM 
source is shown to provide molecular information, it poten-
tially straddles the realm of HPLC/ICP MS, wherein the ICP 
source destroys all speciation information and identification 
relies on peak retention times and matching standards, and 
that of ESI–MS, which potentially provides molecular spe-
cies structural identification. It is thus interesting to com-
pare the performance of the LS-APGD with that achieved 
using complimentary ESI sample introduction techniques. 
Unfortunately, reports on small molecule arsenic species 
detected by MS using atmospheric pressure ion sources are 
scarce [44]. A critical review by Reimer et al. [3] provides 
a succinct summary of the advantages and disadvantages of 
ESI, which are not repeated here, and published examples 
of ESI–MS spectra of these arsenic species.

ESI may be operated at both low (soft) and high (hard) 
energies to produce protonated molecular species and bare 
As+ ions from the arsenicals, respectively, permitting not 
only As-containing peaks to be identified but molecular 
mass information and, hence, structural identification of 
peaks to be assigned. The former is only possible when the 
effort is made to limit trace oxygen impurity in the CID gas 
to prevent the formation of otherwise dominant AsO+ [45]. 
Likely, for this reason, no bare As+ is evident in any of the 
LS-APGD spectra obtained with 100 eV SID in this study, 
only AsO+.

In an early study by Pedersen and Francesconi [46], it was 
noted that an LC-ESI MS approach successful for the detec-
tion of several organoarsenic compounds was not suitable 
for either inorganic arsenite or arsenate, but no discussion of 
this conclusion was presented. Shortly thereafter, however, 
the study by McSheehy et al. [47] is one of the few to discuss 
an ESI MS spectrum of As(V) present in numerous marine 
arsenosugar compounds in an extract of algae. Noteworthy 
is that the LS-APGD source produces the same protonated 
molecular ion peak at m/z 143 in addition to those at 109 
and 161, also common to As(III) in this source. 100 eV SID 
of As(V) generates fragmentation products at m/z 91 and 
109 and CID of m/z 143 at 35 eV generates fragmentation 
products at 125 similar to the fragmentation products pro-
duced with 35 eV CID using ESI MS [47]. Note that the 
CID energy to produce the most intense signal for a single 
fragment was not optimized, and thus, direct comparison 
of the relative intensities of LS-AGPD derived CID spectra 
may not reflect those evident in published ESI MS spectra.

Larsen et al. provide the ESI MS spectra of several of 
the protonated organoarsenical compounds common to this 
study [42]. High-energy ESI spectra can be acquired with-
out significantly diminishing the base peaks of either DMA 
at m/z 139 or for MMA at m/z 141 [42]. ESI MS of AsBet 
generates unique peaks at m/z 179, 135, and 120, in common 
with those obtained with the LS-APGD source. Similarly, 
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MMA and DMA are dominated by their protonated molec-
ular ions at m/z 141 and 139, respectively, also mirrored 
by the results obtained with the LS-APGD source. No data 
were presented for As(III/V). Inoue et al. [43] present ESI 
MS spectra for MMA, DMA, and AsBet that are character-
ized by base peaks at m/z 141, 139, and 179, respectively, in 
agreement with those reported with LS-APGD in this study.

Detection of arsenic oxyanions is not particularly sensi-
tive with ESI MS, making alternative ionization approaches 
of great interest. In this study, the LS-APGD ion source pro-
vided estimated detection limits (for arsenic) in the 10’s of 
ng mL−1 range, comparable to those achieved with ESI [42, 
43]. However, given the focus of the present report, further 
studies are needed to achieve a more definitive assessment of 
quantitative measurement capabilities using the LS-APGD. 
At this point, it is important to reiterate that no attempts to 
optimize the plasma discharge conditions or the mass spec-
trometer parameters were made during this investigation. 
Further improvements in detection capability are expected 
when measurement parameters are fully optimized.

Conclusions

Speciation capabilities for several small molecular arsenic 
species were examined using a novel LS-APGD ion source 
in combination with mass spectrometry detection. Estimates 
of detection limits for MMA, DMA, and AsBet were com-
parable to those of typical ESI MS approaches, while also 
effectively ionizing inorganic arsenic species, offering an 
attractive alternative for these organometallics. The APGD 
source appears to be significantly more energetic than ESI, 
and a degree of in-source oxidation and demethylation was 
often observed. For molecular/structural studies, a balance 
between response and oxidation must be considered.

Mass spectral fragmentation patterns of the species stud-
ied here were largely in accord with published ESI stud-
ies with the caveat concerning tunability properties of the 
LS-APGD source to elicit fragmentation during ionization. 
While not thoroughly evaluated in this study, operation of 
the LS-APGD at high power results in more pronounced 
fragmentation of the arsenic species. Previous studies with 
the LS-APGD have shown the source to be robust and able 
to operate with samples containing organic solvents and high 
salt contents, which typically present a challenge for ESI or 
even ICP sources. However, further studies are necessary to 
evaluate the LS-APGD’s ability to analyze arsenic-contain-
ing species thoroughly. Although this work only provides 
a first step towards sensitive discrimination of inorganic 
and organic arsenic species on one platform, it does show 
that concurrent analysis is feasible. In addition, this work 
builds upon previous studies that illustrate the opportunities 
that CAM ionization offers for challenging matrices [48] 

and metal speciation analyses. Overall, the performance of 
the LS-APGD suggests it may be a competitive ion source 
option for complex organometallic/speciation problems. 
Noteworthy is that estimated detection limits for these arse-
nic species are in the low 10s of ng mL−1 range (as arsenic) 
for both inorganic and organoarsenic species, which is dif-
ficult to achieve using conventional ESI sample introduction.
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