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ABSTRACT: Hydrogen cyanide is a ubiquitous gas in the
atmosphere and a biomass burning tracer. Reactive gases can
be adsorbed onto aerosol particles where they can promote
heterogeneous chemistry. In the present study, we report for
the first time on the measurement and speciation of cyanides
in atmospheric aerosol. Filter samples were collected at an
urban background site in the city center of Padua (Italy),
extracted and analyzed with headspace gas chromatography
and nitrogen−phosphorus detection. The results showed that
strongly bound cyanides were present in all aerosol samples at
a concentration ranging between 0.3 and 6.5 ng/m3 in the
PM2.5 fraction. The concentration of cyanides strongly
correlates with concentration of total carbon and metals
associated with combustion sources. The results obtained bring evidence that hydrogen cyanide can be adsorbed onto aerosol
liquid water and can react with metal ions to form stable metal−cyanide complexes.

1. INTRODUCTION

Hydrogen cyanide (HCN) is a toxic gas which cause severe
harm to human health.1 It is approximately 20 times more toxic
than carbon monoxide2 and immediately dangerous to life or
health at a concentration of 50 ppm and 25 mg/m3 as cyanide
for most cyanide salts.3

HCN is a ubiquitous gas in the atmosphere4,5 with an
average mixing ratio of ca. 200 ppt in nonpolluted environ-
ments.6,7 HCN is produced from pyrolysis of nitrogen
containing organic matter. Its main source globally is biomass
burning although the magnitude is still uncertain (0.1−3.2 Tg
N/year)8 and it is considered a tracer of biomass burning
together with CO and acetonitrile.9,10 Vehicular emissions,
industrial processes and cigarette smoke are other minor
tropospheric sources.7,8,11 Conversely, the large presence of
HCN in Chinese urban plumes questions the suitability of
HCN as biomass burning tracer in the lower troposphere where
other sources, for example, residential coal burning, have been
proposed to explain the observed high concentrations.7

In the atmosphere it is oxidized by OH radical and O(1D) to
form NO and N2O thus contributing to the NOx cycle.2,12

Other minor processes are photolysis and wet depositions.7

The major sink is uptake by ocean resulting in a tropospheric
lifetime of about 5 months.6,7,10,13

HCN is volatile (vapor pressure 742 mmHg at 25 °C)14 but
it is known that reactive gases can be adsorbed onto particle
surfaces where they can react with particle components.15

Water-soluble volatile organic compounds can also partition

into atmospheric aqueous phases, like cloud/fog droplets and
deliquescent aerosol, where they can react with nonvolatile
water-soluble aerosol components. For example, it has been
shown that small carboxylic and dicarboxylic acids can
coordinate with metal ions to form organic complexes.16,17

A wide variety of organonitrogen compounds are found in
the aerosol, which could be partially associated with
heterogeneous reaction of HCN, although other mechanisms
of formation are generally invoked, such as direct emissions
from wood fires, and reaction of organics with NOx and NH3/
NH4

+.18 Those compounds can produce CN− signals in online
mass analyzers, e.g. in the aerosol time-of-flight mass
spectrometer (ATOFMS).19−21 This signal has been associated
with plant debris,21 oxidized nitrogen containing compounds20

and organonitrogen from vehicular emissions19 as CN− signal
in the ATOFMS is likely to be a fragment of higher molecular
weight compounds.21 Up to now, measurement of cyanides in
atmospheric aerosol has never been reported.
A method to measure total cyanides from stationary sources

(particulate and gaseous emissions) has been published by the
U.S. Environmental Protection Agency (EPA).22 This method
has a detection limit of 0.01 mg/L in the extract22 and it is
unsuitable for detection of cyanides in nonpolluted environ-
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ments where expected concentration of HCN in the gas phase
is ca. 200 ppt.6,7 Recently, Marton et al.23 published a new
method for analysis of cyanides in industrial wastewaters which
has a detection limit of 0.5 μg/L, 20 times lower than that of
the EPA method,22 and allows speciation between available and
total cyanides.23 In aqueous systems, cyanides can be present as
free cyanides (i.e., cyanide anions, hydrogen cyanide and its
soluble salts), weak acid dissociable cyanides or WAD (i.e.,
weak cyanide complexes able to dissociate in a pH 4−6 range)
and stable cyanide complexes (i.e., metal−cyanide complexes
which are hydrolyzed under strong acid conditions, by heating
or UV radiation).23 The sum of free and WAD cyanides is also
referred to as “available” cyanides.23

In the present study, we adapted the method proposed by
Marton et al.23 to the analysis of available and total cyanides in
aerosol samples collected in an urban background site in the
city center of Padua (Italy). We report, for the first time,
concentrations of cyanides in seasonal particulate matter (PM)
samples, discussion of possible sources and multiphase
reactions of hydrogen cyanide which allows it to enter into
the particulate phase.

2. MATERIALS AND METHODS

2.1. Aerosol Sampling. Sampling campaigns were
conducted at the university sampling site in Padua (Italy), in
an urban background location in the Po Valley. More details
about the sampling site can be found elsewhere.24 24 h
concurrent samplings (from 9 am to 9 am of the following day)
were carried out using a Zambelli Explorer Plus PM sampler
fitted with a PM2.5 certified selector (CEN standard method
UNI-EN14907) working at a constant flow rate of 2.3 m3/h
and equipped with Ø 47 mm Teflon (PALL, Teflo Membrane,
1 μm pore size) or quartz fiber (AQFA, Millipore) filters.
Sampling campaigns were conducted from the eighth
November to 14th December 2006 (17 samples), from the
30th June to the 16th July 2009 (14 samples) and from the
12th January to the fourth February 2010 (17 samples). In
addition PM10 samples (CEN standard method UNI-
EN12341) were collected from the eighth November to 14th
December 2006 (17 samples), and PM1 samples from the fifth
November to 12th December 2007 (15 samples) according to
the procedure already described elsewhere.24

Filters were conditioned before and after sampling at a
temperature of 20 ± 1 °C and relative humidity of 50 ± 5%
(climatic box QBOX3 Momo Line) for at least 48 h. Samples
were weighed daily using a microbalance (Ohaus Analytical
Plus, sensitivity 10 μg) until constant mass was attained and
then maintained at −20 °C until instrumental analysis (typical
storage time <2 days).
Analysis of water-soluble ions, total metals and total carbon

were done using the procedure already described elsewhere.24

2.2. Analysis of Total and Available Cyanides.
Determination of cyanides in aerosol samples was done by
analyzing HCN released from the samples, after appropriate
sample preparation, by static head space gas chromatography
with nitrogen−phosphorus detection (HS-GC-NPD).
2.2.1. Sample Preparation. The extraction solution was

prepared by adding 1 g of sulfamic acid (≥99%, ReagentPlus,
Sigma-Aldrich) and 25 mL of a pH 2 solution of phosphoric
acid (≥85%, ACS reagent, Sigma-Aldrich, Milan, Italy) to a 250
mL volumetric flask filled to the mark with water purified using
a Millipore Milli-Q system (Vimodrone, Milan, Italy). 60 g of

sodium sulfate (anhydrous, ≥ 99.0%, Fluka, Milan, Italy) were
then dissolved in the solution.
For sample preparation, 1/8 of filter sample was placed in a

20 mL HS crimp-top glass vial and cooled down in liquid
nitrogen for 30 s to minimize losses of HCN during sample
preparation. Four milliliters of extraction solution were then
added to the vial which was immediately crimped with an
aluminum seal (Ø 20 mm, removable center, Supelco, Milan,
Italy) fitted with a PTFE/silicone septum (Ø 20 mm, Supelco),
and vigorously shaken. For analysis of available cyanides,
samples were placed in a thermostatic bath (F3-Q Haake-
Thermostate, Fisons, Ipswich, UK) at 25 ± 0.1 °C while for
analysis of total-cyanides the samples were treated at 140 ± 1
°C in a Memmert UFB 400 oven (Schwabach, Germany) for 1
h and then quickly cooled in a thermostatic bath at 25 ± 0.1 °C
as optimized in a previous study.23 In both cases, instrumental
analysis was performed after an equilibration time of at least 24
h at 25 ± 0.1 °C. Details about optimization and validation of
the sample preparation method, sampling artifacts and recovery
tests are reported in the Supporting Information (SI).

2.2.2. Instrumental Analysis. Instrumental analysis was
performed using the method already described elsewhere.23

Briefly, 0.8 mL of static HS phase, collected with a 1 mL
Hamilton gastight syringe (1001 RN, Hamilton, Bonaduz,
Switzerland), was injected directly in a quartz deactivated liner
(L 86 mm, o.d. 4 mm, i.d. 2 mm, PerkinElmer) maintained at
100 °C and 14 psi with N2 carrier gas at 1.31 mL/min, with
split ratio 1:5, in a Autosystem XL (PerkinElmer, Monza, Italy)
gas chromatograph equipped with a Nitrogen−Phosphorus
Detector (NPD).
A DVB Supel-Q PLOT (Supelco) capillary column (30 m ×

0.32 mm × 0.25 μm) was used for separation. Oven
temperature was held at 50 °C for 6 s after sample injection
and then ramped at 45 °C/min to 230 °C and held for 1 min.
Detector temperature and voltage were 250 °C and ∼1 mV,
with 100 mL/min and 1.7 mL/min of air flow and H2 flow,
respectively. The chromatographic run lasted about 5.5 min.
After each run, the syringe was washed under N2 flow to avoid
memory effects.23

External calibration (five calibration levels) was performed
daily by analyzing 0.8 mL of equilibrated HS phase of standard
solutions prepared using the same procedure described for real
samples, in the calibration range 0−10 μg/L by diluting a
certified standard solution of NaCN or K3[Fe(CN)6] at 1000 ±
2 mg/L concentration (as cyanide) purchased from Ultra-
Scientific Analytical Solutions (Bologna, Italy).

2.2.3. Safety Precautions. The acute toxicity of HCN
requires adoption of safety measures to avoid release of gaseous
HCN in the working environment, despite the very low
concentrations of both samples and standard solutions.
Preparation of both standards and samples needs to be carried
out under a fume cupboard. Cyanide standards should be
stored away from acidic solutions to avoid accidental mixing.
After use, all solutions should be disposed in a dedicated waste
container with hypochlorite and excess NaOH to avoid release
of HCN.23

2.3. Calculation of Aerosol Liquid Water Content.
Average aerosol liquid water (ALW) content, in mass
concentration, was calculated using the comprehensive version
of the model E-AIM IV available online (http://www.aim.env.
uea.ac.uk/aim/aim.php).25−27 The E-AIM model has recently
been shown to agree well with independent measured data.28

24h averaged data for temperature, relative humidity (obtained
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from ARPA Veneto, the Regional Environmental Agency),
amounts of ammonium, sodium, chloride, nitrate, and sulfate
were considered for calculation of water uptake. Proton and
ammonia amounts were calculated to obtain charge neutrality.
Oxalic acid was also considered for calculation of water uptake
in both its undissociated and dissociated forms. Dissociation of
oxalic acid was calculated based on the pH and equilibria
between the main ions measured in the aerosol samples.
2.4. Principal Component Analysis. Principal component

analysis (PCA) was done using Statistica 10 (StatSoft Inc.,
Tulsa, OK) on all PM2.5 samples and species analyzed.
Temperature, relative humidity and ALW were used as
supplementary variables. The first two principal components
(PC) were selected on the basis of the scree plot (not shown),
explaining the 76.4% of the variance of the data set (62.2% by
PC 1 and 14.2% by PC 2).

3. RESULTS AND DISCUSSION

3.1. Speciation, Concentrations and Seasonality of
Cyanides in Urban PM2.5. The results of the analysis showed
the presence of strongly bound cyanides in all PM2.5 samples.
Concentrations of cyanides in PM2.5 ranged from 0.3 to 6.5 ng/
m3, with a median value of 1.4 ng/m3, and 25th and 75th
percentiles of 1.0 and 2.1 ng/m3 respectively. Conversely,
available cyanides were not detected in any analyzed aerosol
sample. This can be explained in two ways. First, adsorbed
HCN and WAD cyanides may be lost during postsampling
conditioning of the filters (see SI section S1.1.4). Second, HCN
is very volatile, and WAD cyanides can be dissociated at the pH
expected for aerosol samples,29 releasing HCN, which would be
revolatilised into the gas phase even during sampling

operations. Therefore, the cyanides detected in this series of
samples are in stable metal−ligand complexes that cannot be
dissociated at weak acidic conditions. For example, stable
metal−cyanide complexes are those with transition metal ions
(in particular iron) commonly present in aerosol from different
locations/sources.
The potential loss of semivolatile and volatile CN species

during sampling operations reflects mechanisms and processes
that normally occur on aerosol particles, and affect their
chemical composition. We can hypothesize that, during
sampling, gas-particle partitioning can modify HCN concen-
trations (adsorption of HCN onto particle surfaces and loss of
HCN back to the gas phase) in the same manner in which gas-
particle partitioning occurs and modify HCN concentrations
under normal atmospheric conditions. Henry’s law suggests
that HCN is very soluble in water despite its volatility (KH =
9.94 M/atm at 25 °C, corresponding to a dimensionless value
of KH = Cair/Cwater = 4 × 10−3)23 so, if present in the particles
HCN and weak cyanide complexes should be detected, as free
or WAD cyanides, and not completely lost during sampling.
The fact that we never detect available CN in our samples is
due to the scarce significance of this fraction in the atmospheric
particles themselves. This is not surprising as the formation of
weak-acid dissociable complexes would not be favored on acidic
deliquescent particles.
The timeseries of total cyanide concentrations in PM2.5 are

reported in Figure 1. Concentration of strongly bound cyanides
in PM2.5 showed a seasonal trend characterized by lower
concentrations in the summer. Concentrations were on average
2.3 ± 1.5 ng/m3 in autumn 2006, 0.9 ± 0.5 ng/m3 in summer
2009, and 1.7 ± 0.6 ng/m3 in winter 2010. Cyanides are

Figure 1. Timeseries of the daily concentrations of cyanides compared with concentrations of PM2.5 (a) and timeseries of CN/TC compared with
concentrations of TC (b) in autumn 2006, summer 2009 and winter 2010; correlation between CN concentrations and PM2.5 concentrations (c) and
correlation between CN concentrations and TC concentrations (d) in autumn 2006, summer 2009 and winter 2010.
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moderately anticorrelated with temperature (r = −0.37, p <
0.05) as lower temperatures favor partitioning of volatile
species onto the particle surface explaining lower concen-
trations during the summer. Concentrations of total cyanides
are strongly correlated with PM2.5 concentrations (r = 0.86, p <
0.001) and with concentrations of total carbon (r = 0.81, p <
0.001). The CN−/TC ratio remained constant throughout the
campaigns with an average of 0.13 ± 0.05 μg/g and no
significant differences between different seasons.
3.2. Size Segregation, Correlation with Other Varia-

bles and Possible Sources. In the autumn 2006 campaign,
concurrent PM10 and PM2.5 samples were collected and
analyzed for the presence of total cyanides. The results of the
analysis showed no differences in concentrations of strongly
bound cyanides in PM2.5 and PM10 (t-paired test, p = 0.96),
indicating that cyanides are present in the fine fraction.
However, the coarse fraction of PM itself was scarcely
represented in our samples where PM2.5/PM10 was ∼0.9 on
average, and in the coarse fraction metals are probably less
soluble due to the relative high stability of the crustal
component, therefore they are not prone to react with cyanides.
The presence of cyanides in the fine fraction of PM is

consistent with a strong correlation with TC concentrations (r
= 0.81, p < 0.001). Cyanides are correlated also with species
related to combustion sources as pointed out by the results of
the PCA (Figure 2). Results of the PCA analysis run on PM2.5
samples from all three seasons show the presence of three main

groups of variables in the plane defined by the first two PC
(Figure 2a). These three groups can be linked to crustal
material (yellow circle), combustion sources (red circle) and
secondary processes (blue circle). Cyanides point toward the
same direction as PM2.5, TC and ions that can be related to
combustion sources including biomass burning (e.g., K+,
NH4

+). As expected, sodium and chloride point also in the
direction of combustion sources and do not seem to be
associated with sea spray. PCA results show also that summer
samples (red square in Figure 2b) are divided from the winter
and autumn samples (blue square) along the axis defined by PC
1.
Samples of PM10 and PM2.5 for the autumn 2006 campaign

and PM1 samples from autumn 2007 were analyzed also with
ICP-MS. Cyanides present moderate to strong correlations
with many metals with the exception of Mo and Sb (Table 1).

Cyanides were present in the fine fraction of PM, therefore
differences in the correlation strength with metals in PM10 and
PM2.5 are linked to differences in metal content in the two
fractions and not to cyanide content. As expected, cyanides are
strongly correlated with all metals that can be associated with
biomass burning emissions, like Zn, As, Se, Rb, and Cd.30,31 In
addition, cyanides correlate with metals that can be associated
with vehicular emissions, like Mn, Ni, Cu, Se, Ba, V, and Fe.31,32

Our results suggest that cyanides are not linked only to biomass
burning but also other combustion sources, like vehicular
emissions and house heating, can contribute to the observed
concentrations. This is in agreement with the large presence of
HCN in Chinese urban plumes, which were tentatively linked
to residential coal burning.7 Correlations between cyanides and

Figure 2. Results of PCA analysis as loadings (a) and scores (b)
referred to the first two principal components. Red square indicates
summer samples and blue square indicates autumn and winter
samples.

Table 1. Correlations (r)a between Concentrations of
Cyanides and Concentrations of Metals in PM10 and PM2.5
Samples Collected in Autumn 2006 and PM1 Samples
Collected in Autumn 2007

metals r (CN vs metals) possible sources of metals

PM10 PM2.5 PM1

Mn 0.88 0.43 0.61 road dust, vehicle emissions, tire wear32,
coal/oil combustion33, smelting33,
steel/Cd industry33

Ni 0.75 0.70 0.39 road dust32, vehicle emissions32, coal-
oil combustion33, smelting33

Cu 0.51 0.47 0.68 vehicle emissions32, smelting33, brake
wear34

Zn 0.58 0.66 0.74 tire wear32, coal-oil combustion33,
biomass burning30

As 0.74 0.83 0.09 industry32, biomass burning30
Se 0.58 0.34 0.70 fossil fuels, coal fired power plants, coal

fly ash, biomass burning31, tire wear32
Br 0.55 0.41 0.19 road dust32
Rb 0.64 0.56 0.87 biomass burning30
Mo 0.17 0.00 0.27 oil combustion30
Cd 0.18 0.91 0.03 coal-oil combustion33, steel/Cd

industry33, biomass burning30
Sb 0.32 0.45 −0.15 brake wear34
Ba 0.32 0.17 0.82 vehicle emissions32, brake wear34−36

Pb 0.76 0.76 0.48 industry32, coal/oil combustion33
V 0.62 0.54 0.19 road dust32, fuel/oil combustion37
Cr 0.56 0.69 0.86 soil/road dust33, brake and tire wear,

steel production38
Fe 0.58 0.41 0.71 vehicle emissions, road dust, tire wear32,

soil/road dust33, brake wear34
aStrong correlations (r > 0.5) are highlighted in bold.
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metals can also be due to formation of metal−cyanide
complexes in atmospheric particles (see section 3.3).
3.3. Mechanism of Partitioning into the Condensed

Phase and Atmospheric Implications. In all analyzed
samples, cyanides were present in the form of stable metal−
ligand complexes (see section 3.1), however, to the authors’
knowledge, no primary emission sources of stable cyanide
complexes exist. In addition, the strong anticorrelation of
cyanide concentrations with temperatures (section 3.1) and
strong correlations with TC and metals associated with
combustion sources (sections 3.1 and 3.2) suggest that cyanides
enter into the condensed phase via multiphase chemistry, after
adsorption of HCN onto particles. Therefore, cyanide
concentration in the particles is dependent upon metal
concentrations, especially for those metals that can form stable
cyanide complexes, and its correlation with metals may result
from this atmospheric mechanism. Lower temperatures favor
the repartitioning of volatile species onto particle surfaces, but
also dissolution of HCN in water as the Henry’s law constant
increases with lower temperatures.39

On these basis, we hypothesize that cyanides complexes form
in the particles after partitioning of HCN from the gas phase
onto deliquescent aerosol particles, its dissolution in water39,40

and subsequent dissociation to form cyanide anions, which then
can react with transition metal ions to form metal−cyanide
complexes. The overall process is represented by the reactions
R1−R3, where Mex+ represents a generic metal ion with
unknown charge.

↔HCN HCN(g) (aq) (R1)

↔ ++ ‐HCN H CN(aq) (R2)

+ ↔+ − −aMe bCN [Me (CN) ]x ax b
a b (R3)

It is believed that the acidic conditions of ALW would favor
protonation of CN− and limit the formation of metal−cyanide
complexes in the aerosol phase.41 However, HCN is water-
soluble23,39,40 and formation of stable metal−ligand complexes
can shift this equilibrium and increase the dissolution of HCN.
In order to test the hypothesized mechanism, the ALW

content of all PM2.5 samples was calculated using E-AIM
(details in section 2.3). In general, our values of ALW content
(see SI Table S2) are comparable with the maximum
concentrations obtained in urban sites in previous studies,
like for example those of Beijing and Manchester.42 During the
autumn and winter campaigns, a few days were characterized by
very high ALW concentrations, around 100 μg/m3 and above,
and T − Td < 2 °C (where Td is the dew temperature calculated
using the method from Lawrence43) suggesting high likelihood
to have fog formation.
Concentrations of cyanides in PM2.5 are not strongly

correlated (r = 0.45, p = 0.002) with the ALW content,
according to the classification proposed by Cohen.44 Days in
which there was a high likelihood of fog formation were
characterized by relatively high, but not necessarily, peak
concentrations of cyanides suggesting that other factors besides
the amount of ALW play a role in the metal−cyanide
complexes formation. Such factors could be concentrations of
metal ions, pH, temperature, and amount of oxidants which
could react with and therefore consume HCN.
Among these factors, the concentrations of metals that can

form stable metal−cyanide complexes are likely to play a key
role. For those PM2.5 samples for which the concentration of

metals is available (PM2.5 samples collected during the autumn
2006 campaign), the correlation between the concentrations of
cyanides and ALW is not strong (r = 0.53, p = 0.049) and the
correlation between the concentrations of cyanides and Fe, the
most abundant metal able to form strong complexes with
cyanides, is not strong also (r = 0.40, p = 0.148). However, if
we consider the sum of Fe and ALW (both normalized), the
correlation with the concentrations of cyanides becomes strong
(r = 0.71, p = 0.004). This result supports our hypothesis that
cyanides enter into the particle phase through an aqueous phase
process in deliquescent particles. The dependence of the
concentrations of cyanides on the concentrations of both ALW
and Fe is shown in Figure 3 and the timeseries are shown in SI

Figure S3. It can be seen from Figure 3 that in days
characterized by high ALW content but low Fe concentrations,
concentrations of cyanides are also low. Likewise, in days
characterized by low ALW content but high Fe concentrations,
concentrations of cyanides are also low. Peak concentrations of
cyanides occur when enough iron is solubilized into the aerosol
water to promote formation of iron−cyanide complexes.
Our study brings evidence of the formation of metal−cyanide

complexes in deliquescent aerosol particles in an urban
environment. This mechanism suggests a new sink for HCN
in urban environments. HCN is considered a tracer from
biomass burning,9,10 however current global atmospheric
models suggest the presence of a missing source or an
underestimation of the sources of HCN.45 The correlations
between metals and cyanides in the particles are likely due to
the mechanism by which the cyanides enter into the particle
phase rather than a common emission source, therefore our
results do not give indication of new possible sources. On a
global scale, the main sink of HCN in the lower troposphere is
through uptake by oceans, presumably through biological
degradation, with minor contributions from photochemistry
and wet depositions,7,45 while in the upper troposphere and in
the stratosphere main sinks are through reactions with ·OH and
O(1D2).

12 More studies are now needed to investigate the
importance of the mechanism proposed here as a sink of HCN
in the lower troposphere and the parameters influencing the
formation of metal−cyanide complexes in deliquescent aerosol
and eventually cloud droplets.
In the case of cyanides, formation of strong metal−ligand

complexes represents a detoxification mechanism as the toxicity

Figure 3. Contour plot showing the dependence of CN concen-
trations on both ALW and Fe concentrations in PM2.5 collected in
autumn 2006.

Environmental Science & Technology Article

DOI: 10.1021/acs.est.7b03123
Environ. Sci. Technol. XXXX, XXX, XXX−XXX

E

http://pubs.acs.org/doi/suppl/10.1021/acs.est.7b03123/suppl_file/es7b03123_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.est.7b03123/suppl_file/es7b03123_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.est.7b03123/suppl_file/es7b03123_si_001.pdf
http://dx.doi.org/10.1021/acs.est.7b03123


of metal−cyanide complexes is associated with their ability to
release free CN− and HCN.46 The possible formation of
metal−organic complexes in PM was postulated in previous
studies,16,17,41 however this represents the first time in which
experimental evidence of the occurrence of such mechanism in
atmospheric aerosol is brought. Many water-soluble organic
and inorganic compounds already present in the aerosol have
coordinating properties toward metal ions, and they can
increase their solubility.41 Notable examples of aerosol
components having coordinating properties are highly oxidized
organic compounds, such as low molecular weight hydroxy-,
oxo-, and dicarboxylic acids as well as dicarbonyls,41,47,48 and
macromolecules like humic-like and fulvic-like substances49 and
oligomers.50−53 The evidence that some metal−ligand com-
plexes are formed in the aerosol from independent precursors,
open new interesting perspectives for the study of the toxic
properties of metal containing particles.
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