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Abstract

A sequential extraction test was used to evaluaentanganese (Mn) species in M
samples collected in an urban area impacted by aaly plant, where the annual
guideline value for Mn in air according to the Wbiealth Organization (WHO) is
frequently exceeded (i.e. > 150 ng®)mThe average Mn level in this campaign was
208.6 ng-rit, reaching maximum daily values up to 1138.9 riy)- Manganese species
were dominated by water-soluble Mn (49.9%), followey metallic Mn (M) and
Mn®* (27.1%), insoluble Mn (14.6%), and Mnand Mri* (8.8%). This study reveals,
on one hand, the higher fraction of water-soluble 8pecies present in atmospheric
aerosols in comparison with aerosols collected ankwenvironments of the Mn alloy
industry, which is attributed to the reaction beaweemitted Mn oxides and gaseous
pollutants (S@, NO, and HCI) during transport in the atmosphere. Gndther hand,
there was a non-negligible fraction of more toxpecies (MA" and M), which are
more potent than M to induce reactive oxygen species.
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1. Introduction

Air manganese (Mn) overexposure is an important catissreern in urban areas
affected by the activity of the Mn alloy industilthough Mn is vital for the human
body, recent studies suggest that Mn chronic exposuassociated with neurotoxic
disorders (Lucchini et al., 2012; Menezes-Filh@let2011). In this regard, despite the
lack of a European regulation that establishest liralues for Mn in air, the World
Health Organization (WHO) has proposed an annuatame guideline value of 150
ng-m>. This recommendation is frequently exceeded insaedfected by the emissions
from Mn alloy plants (Hernandez-Pellon and Fernar@émo, 2019).

Mn toxicity is associated with the size and morplygl of the Mn-bearing particulate
matter (PM), which determine the fate of this pwlht into the respiratory tract
(Thomassen et al., 2001); in addition, the chemsgaciation of Mn compounds and
more specifically the Mn oxidation state strongffeets its toxicity (Majestic et al.,
2007). The oxidation state is a key factor in refatwith Mn ability to induce reactive
oxygen species (ROS). Many of the adverse healictsf caused by PM can be
triggered by the oxidative stress caused by the R&%ration (Xiang et al., 2016).
These species are also known due to their capaxitkidize lipids and proteins or
damage DNA, increasing the inflammatory responskichv can lead to numerous
diseases, mainly respiratory diseases (He et @1.8;2Peixoto et al., 2017; Van Den
Heuvel et al., 2016; Xiang et al., 2016). In thegard, oxidized forms of Mn such as
Mn** are more potent than Kthto induce ROS (Ali et al., 1995). Studies dealivith
the physico-chemical characterization of Mn-bearipayticles associated with the
emissions from Mn alloy plants have mainly focused (i) the evaluation of the size,
morphology and chemical composition of the indiadyarticles by using electron
microscopy analysis (e.g. SEM-EDX and TEM-EDX asa@y (Arndt et al., 2016;
Gjgnnes et al., 2011; Gunst et al., 2000; Hernarudipn et al., 2017; Marris et al.,
2012, 2013), (ii) the identification of the crystagraphic phases by X-ray diffraction
techniques (Hernandez-Pellon et al., 2017; Martisak, 2013), and (iii) the
determination of the Mn solubility in simulated tufiuids (SLFs) as an estimation of
its potential bioaccessibility into the human bogyernandez-Pellén et al., 2018;
Mbengue et al., 2015). Only a few studies deal \high quantitative determination of

the Mn species, all being related to Mn occupatiexgosure (Ellingsen et al., 2003;
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Thomassen et al.,, 2001). To our knowledge, non¢hem aim to quantify the Mn

species associated with ambient air Mn exposure.

In this study, a sequential extraction test wasl usanvestigate the Mn species present
in PMyo samples collected in an urban area located n&am alloy plant, where high
Mn levels in air, according to the WHO criteria,veabeen previously reported
(Hernandez-Pellon and Ferndndez-Olmo, 2019; Moetiad, 2011).

2. Materialsand methods

The study was carried out in Maliafio, a town lodate the southern part of the
Santander Bay (Cantabria, northern Spain). AFPdmpling campaign was conducted
in May-June 2016 on the rooftop of “La Vidriera’lwwal center (CCV site, UTM, 30T,
X=431899, Y=4807290) located 350 m from a Mn alfggnt, which specializes in
FeMn and SiMn alloy production. A total of 28 da®M,;, samples were collected on
47 mm quartz fiber filters (Sartorius) by a low wwle sampler device (2.3°%n%)
equipped with a 15-filter cartridge. Figure 1 shadtws location of the CCV site and Mn
alloy plant and the wind rose during the sampliegqa.

After a gravimetric determination, the filters weanat into three pieces. One quarter of
the filter was used for the determination of thiltdIn content, whereas the remaining
filter was divided into two equal portions and sdbed to a sequential extraction test
(two replicates per filter). The total Mn conterasvdetermined based on the European
standard method “EN-UNE 14902:2006", which consiste an acid digestion of the
filter in a microwave digestion system (Milestonéh@ One) using closed PTFE
vessels (HN@H,O, with a mixture of 8:2 ml, up to 220 °C). The Mnesfes were
determined by a four-step sequential extractiort temsed on the methodology
developed by Thomassen et al. (2001). Table 1 shiwsveptimized leaching conditions
for the different Mn species. The sequential exibacprocedure was carried out as
follows:

Step 1: A portion of 3/8 of each filter (two regltes per filter) was introduced into a 50
ml polypropylene tube with a 25 ml filter cup insequipped with 0.2 pym PVDF
membrane obtained from ThermoScientific. A volumiel® ml of ammonium acetate
(0.01M) was added. The leaching test was then pedd for 90 min with a rotatory
shaker (10 rpm) (SBS). An incubator (MRHX-04, LS@®as used to maintain the
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temperature at 20°C. After the leaching test wadopeed, the samples were
centrifuged at 4200 rpm for 10 min.

The following steps of the sequential extractiost tesere carried out in the same
microwave digestion system (Milestone Ethos One) elnsed PTFE vessels used for
the total Mn determination. After the leaching st@&p 3 and 4, the content of the PTFE
vessels was introduced in the mentioned polyprogyleibes equipped with 0.2 pm
PVDF membranes and centrifuged at 4200 rpm for i@ then the portion of filter
was stored until further use.

Step 2: After being subjected to step 1, the portd the filter was introduced in a
closed PTFE vessel with 10 ml of acetic acid (25Phen, the leaching test was carried
out at 75°C for 90 min.

Step 3: The extracting agent in this step consigiédlO ml of a solution of
hydroxylamine hydrochloride (5%) in acetic acid 425 As in step 2, the leaching test
was then performed at 75°C for 90 min.

Step 4: The last step of the sequential extradisst consisted in an acid digestion
(HNO3:H20, with a mixture of 8:2 ml, up to 220 °C) performied 60 min.

The Mn concentrations in all the extracts were yred by inductively coupled plasma
mass spectrometry (ICP-MS, Agilent 7500 CE). Quatibntrol of the analytical
procedure consisted in the determination of theovex values from a standard
reference material (NIST SRM 1648a, “Urban paratell matter”), as well as the
evaluation of the blank contribution from the fikeand reagents and subsequent
subtraction from the results. In addition, yttriomas used as an internal standard to
correct from instrumental drifts.

In addition, the comparison between the total Mnteot determined by the digestion
procedure and the sum of the Mn extracted in the $teps of the sequential extraction
test was done to check the quality of the obtanesdlts (f=0.98).

Statistical analysis of the data was performedguSirstatistical software version 3.0.0.
All data distributions were checked for normalitging the Shapiro-Wilks test. The
interdependence between the total Mn content (/Y- RiVi,o concentrations (pg-m
and the meteorological variables (temperature (PCgcipitation (mm) and relative

humidity (%)) was evaluated by determining the Bearcorrelation coefficients.

3. Resultsand discussion
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As Table 2 shows, despite the averagafdncentration at the CCV site (26.6 pg)m
was well below the annual limit value establishgirective 2008/50/CE (40 pug-Hh
the mean air Mn concentration obtained in this cgigip (208.6 ng- M) was above the
150 ng-n* recommended by the WHO as the annual guideline eyataaching
maximum daily concentrations up to 1138.9 ng. ¥s can be seen in Table 3, a strong
correlation was found between the RMoncentrations and the total Mn content present
in the samples (r=0.65, p<0.05). In addition, tha WMalues shown in this work are
much lower in comparison with average Mn conceiungt obtained in previous
campaigns carried out at the CCV site in 2015 aBbi7Xi.e. 721.9 ng-thand 901.1
ng-m°, respectively) (Hernandez-Pellén et al., 2018;ndadez-Pellén and Fernandez-
Olmo, 2019). In this regard, mean values of tentpeea(20 °C) and relative humidity
(81.6 %) were similar to those usually found inisgrin the same area. In addition,
since the sampling campaign coincided with a pewbdow rainfall (average 1.3
mm/day), the lower Mn concentrations in air can lpetexplained due to the washing
effect of precipitation in the atmosphere. In ademice with this, as Table 3 shows, no
significant correlations were found between anthefmentioned variables and the total
Mn content. However, the unusual wind pattern fodadng the sampling period could
explain the measured Mn levels. Whereas most frequimds in this region come from
the S-SW direction, sending the plume emanating filoe plant towards the CCV site,
during this campaign, as Figure 1 shows, N wagptedominant wind direction, which
may lead to a lower influence of the Mn emissiorsmf the Mn alloy plant on this

sampling site.

Figure 2 presents the variability in the Mn speoratassociated with the Plysamples
collected at the CCV site. The Mn species were dated by water-soluble Mn
(49.9%), followed by Mh and Mrf* (27.1%), insoluble Mn (14.6%), and Rnand
Mn** (8.8%).

In this regard, Matrris et al. (2013) reported tpaiticles collected in the near-field of a
Mn alloy plant, analyzed by TEM combined with efect energy-loss spectroscopy
(EELS), contained Mn with an oxidation state maiblgtween +Il and + Ill. Also
Ledoux et al. (2006) identified by electron parametg resonance (EPR) different
forms of Mrf* species in areas affected by the emissions fréenramanganese plant.
Manganese dioxide (MnQ) bixbyte (MnOs) and rhodochrosite (MnCG{ were
previously identified by XRD in PM samples collected in the studied area
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(Hernandez-Pellén et al., 2017). Additionally, Gjea et al. (2011) reported the
presence of MnO and M@, associated with the FeMn alloy production from TEM

observations.

Table 4 shows the comparison between the averagergages of the different Mn
species obtained in this study and other worksopexd inside Mn alloy plants, with
mixed FeMn/SiMn or only SiMn alloy production, ugithe same sequential extraction
test (Ellingsen et al., 2003; Thomassen et al.1200ontrary to the results found in the
present work, in which the water-soluble Mn compisinmepresented the highest
percentage, Mhand Mrf* were the predominant species obtained in bothiregsp and
inhalable aerosol samples collected in differeiaarinside mixed FeMn/SiMn alloy
plants. The percentage of insoluble Mn in the werkvironments of these mixed
FeMn/SiMn alloy plants was similar to the Mn indallel fraction found in the PMin
the present study. On the contrary, the presenddndf and Mri* in both respirable
and inhalable aerosol samples was slightly highehe other mixed FeMn/SiMn alloy
production plants showed in Table 4 with respeatupstudy, obtaining similar values
in plants dedicated only to SiMn alloy productiaon, both respirable and inhalable
aerosols samples. Although Rland Mrf* also presented a high contribution in the
plants dedicated only to the production of SiMmwdl, in these plants the percentage of
insoluble Mn species was also remarkable, thisrdmriton being in some cases higher
than the contribution of Mhand Mrf*, especially in the inhalable aerosol fraction
(Ellingsen et al., 2003; Thomassen et al., 2001).

It should be noted that the comparison betweendbelts presented in Table 4 should
be done with caution due to the difference in tiv $ize fractions collected in each
study. Both Thomassen et al. (2001) and Ellingsénale (2003) reported the
quantification of the Mn species present in thealahle and respirable aerosol
fractions. The inhalable fraction is defined as thass fraction of total airborne
particles inhaled through the nose and mouth, vasetbe respirable fraction is the
mass fraction of inhaled particles penetrating ie unciliated airways (UNE-EN
481:1995). The particle sizes with 50% penetrafi@nthe inhalable and respirable
fractions are 10@m and 4.0um, respectively (UNE-EN 481:1995). In this regaad,
previous characterization of Rylsamples collected at the CCV site showed that most
of the Mn-bearing particles had mean diametergss than 1 um (Hernandez-Pellon et

al., 2017), and therefore they were included inrdspirable fraction.
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The greater presence of water-soluble Mn compountise PMo samples collected at
the CCV site with respect to the results reported the different workroom
environments inside Mn alloy plants (see Tableal)i@d be attributed to the changes of
the particles emitted by this industrial activityrohg transport in the atmosphere.
According to Marris et al. (2012) particles can lgeoquickly in composition and size,
forming agglomerates of metal-bearing particles asibder supplementary mixed
particles not existing inside the chimneys. In ttegard, as Figure 1 shows, under the
prevailing wind scenario during the sampling peripg. N direction) the plume
emanating from the Mn alloy plant was not sentdiyetowards the CCV site, thus
favoring the mixing of particles from different soas and allowing chemical
transformations of the Mn compounds before reactiiegsampling site.

No association was done in previous studies betwkenwater-soluble Mn species
extracted in the first step of the sequential etima test and specific Mn compounds
(Ellingsen et al., 2003; Thomassen et al., 200i)ceSthe water-soluble fraction was
predominant in the PN samples collected at the CCV site, the knowledgrutathe
oxidation states of these soluble compounds igetial interest in our study. In this
regard, the presence of Mn in association with ICEavas reported by Ledoux et al.
(2006) in PMo samples collected at a coastal area affected é\ethissions from a
ferromanganese plant. Also, Mn-bearing particlestaioing sulfates were detected in
the plume emanating from a Mn alloy plant by Magisal. (2012). Zhan et al. (2018)
also suggested that PM-bound metals, such as Feandmi, can react with gaseous
nitric acid in the atmosphere, leading to the fdramaof metal nitrates, which could
increase the oxidative potential to a 200-600 %rejmrted by Duvall et al. (2008) the
increase in the water-soluble fraction of Mn inl saimples after reaction with gaseous
nitric acid is especially evident. Thus, and basedthe significant contribution of
marine (Cl, Na and SG*) and secondary inorganic aerosols {&hd NQ?) in the
area of study (Orden MED/11/2012), the reactionsnvéen primary Mn-bearing
particles and gaseous pollutants such ag 80, and HCI to form Mn soluble salts
seem feasible. Two main hypotheses are establighelltn soluble salts may result
from the reaction of Mn oxides emitted by the Miowlplant with primary pollutants
such as S@and NQ, as shown irreactions 1 and 2, or from the condensation of
sulphuric or nitric acid on pre-existing particl@garris et al., 2012) via reactions 3 and



224 4; (i) highly soluble MnCJ could be form due to the reaction of Mn oxideshvHClI
225 depleted from aged sea salts via reactions 5-7.

226

227  MnO; + SQ > MnSQ, (1)
228  MnO; + 2NG, > Mn(NOg), (2)
229  MnO + LSO, > MnSQ, + H,0 (3)
230 MnO + 2HNG->Mn(NOs),+H0O (4)
231  NaCl + HNG > NaNG; + HCI (5)
232 2 NaCl + HSO, > N&SO, + 2 HCI (6)
233 MnO + 2HCI-> MnCl, + H,O (7)

234  Assuming hypotheses (i) and (ii), the oxidationtestaf Mn in the species associated
235  with the water-soluble fraction would be +Il. Netheless, further work should be
236  carried out to verify the oxidation state and cheahcomposition of the highly soluble
237  Mn species found in this study. In the case thaokyesis (i) and (i) were validated,
238 and considering the first and partially the secst@p of the sequential extraction test,
239 the predominant Mn oxidation state in the 88amples collected in the vicinity of the

240  Mn alloy plant during the studied sampling perioouid be +II.

241 Regarding the implications on the ROS generatioa,acid gas aging process of #In
242  bearing particles from non-water soluble Mn oxideswater-soluble Mn species
243  increases the oxidative potential of particulatettema as suggested by Zhan et al.
244  (2018), therefore, the potential changes in thedatkre potential of Mn-bearing
245  particles due to chemical transformations durirggport in the atmosphere should be
246  further studied. In addition, in regard to the tityi of these samples, the presence of a
247  small fraction of MA® and Mri* species (8.8 %) should not be neglected due to the
248  greater capacity of these species to induce ROBresipect to Mif (Ali et al., 1995).

249  From a health risk perspective, all the PM compthehat are soluble in different
250 fluids should be considered. The evaluation ofliloaccessible fraction of metals (i.e.
251  potentially available for absorption by the humandy) is usually carried out by the
252  study of their solubility in SLFs. In this regafigure 3 shows the comparison between
253 the Mn soluble fractions (water-soluble and allubté Mn species) derived from the
254  sequential extraction test performed in this stadg the Mn solubility reported in two
255 common SLFs, Gamble’s solution (pH=7.4) and artfitysosomal fluid (ALF, pH=

8



256  4.5), in PMgo samples collected at the CCV site in a previouspagn (Hernandez-
257  Pellon et al., 2018). Gamble’s solution is représi@re of the interstitial fluid in the
258 deep lung, whereas ALF simulates the acidic inthalee conditions found in the
259 lysosomes of alveolar macrophages (i.e. when thmaune system of the body is
260 reacting). As can be seen in Figure 3, althoughstlmples were collected during
261  different sampling periods, there is a good agregnbetween the sum of the Mn
262  species obtained in the first three steps of tlgeiesatial extraction test (i.e. all soluble
263  Mn compounds) and the Mn solubility in ALF at pH54However, the water-soluble
264  Mn fraction found in this study (i.e. from samplasdlected under prevailing N winds)
265 is higher with respect to the Mn solubility in Gaeib solution (pH=7.4) found in our
266  previous work (i.e. with a predominant S-SW winckedtion, sending the plume directly
267 towards the sampling site) (Hernandez-Pellén eR@all8). In this regard, the joint study
268 into the oxidation state and chemical compositiand the bioaccessibility of Mn
269  species, taking into consideration the potentiahgformations of the emitted Mn
270  species, is advisable to better assess the pdtéwisdih risk of Mn environmental

271  exposure near Mn alloy plants.

272 Conclusions

273  The manganese (Mn) species present ingdmples collected in an urban area nearby
274 a Mn alloy plant were evaluated by a sequentiatagtibn test. Manganese species
275  followed the order: water-soluble Mn (49.9%), fend Mrf* (27.1%), insoluble Mn
276 (14.6%), and MA and Mr* (8.8%). The percentage of water-soluble Mn spei¢ise

277  PM; samples collected in this study was much higheomparison with other results
278  reported in work environments of the Mn industriisTdifference was attributed to the
279  formation of Mn soluble compounds due to the reacbf Mn oxides primary emitted

280 by the Mn alloy plant with gaseous pollutants, sasts8Q, NO, and HCI.

281  Further work should be done to verify the oxidatgtate and chemical composition of
282 the predominant highly soluble Mn species foundhiis study. In addition, a deeper
283 understanding of the oxidation state, chemical amsitpn and bioaccessibility of the
284  Mn present in PM, as well as its potential chardyesng transport in the atmosphere, is
285 vital to improve the assessment of the potentialtherisk of Mn environmental

286  exposure nearby Mn alloy plants.
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Table 1. Optimized leaching conditions for Mn spsci

Oxidation state

Step Mn compounds Reagent Conditions

1 Water-soluble Mn - 0.01 M ammonium acetate 90, 20’C

2 Mn° and Mrf* Metallic Mn, FeMn, MnO, MgO, 25% acetic acid 90 min, 75°C
3 Mn** and Mr{* Mn,O3, MNO,, MN;O, 0.5% hydroxylamine hydrochloride in 25% acetiaaci 90 min, 75°C
4 Insoluble Mn SiMn 69% nitric acid-30% oxygen péede 8:2 60 min, 220°C
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407 Table 2. PMp levels, total Mn content and meteorological cowdisi (precipitation,
408 temperature and relative humidity) at CCV during s$ampling period. 28 daily values.

PMio Total Mn Precipitation Temperature Relative humidity
ng-m° ng-m-> mm/day °C %

Mean 26.6 208.6 1.3 20 81.6

Median 27.1 83.2 0 204 82.1

SD 4.9 311.3 3.4 1.8 5.5

Min 16.3 5.8 0 16.5 70.6

Max 34.4 1138.9 17 24 90.9

409
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410 Table 3. Pearson correlation coefficients betwéentotal Mn content, PM levels and
411  meteorological variables. 28 daily samples.

PMio P T HR
Total Mn 0.65 -0.11 0.17 0.01
PMig -0.44 0.23 0.15
P -0.48 -0.12
T 0.32

412 P: Precipitation (mm); T: Temperature (°C); HR: &ise humidity (%). In bold p value<0.05
413
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Table 4. Comparison of the proportion of Mn speaie® of the total Mn content in aerosol samplepagsted by the Mn alloy industry

Production Sample Water-soluble Mn Nand Mr* Mn* and Mri* Insoluble Mn References

Mixed FeMn/SiMn alloys PN} 49.9 27.1 8.8 14.6 This stutdy

Mixed FeMn/SiMn alloys ~ Respirable 8-21 57-62 9-17 13-18 Thomassen et al. (2001)
Inhalable  8-21 50-54 12-22 16-24 Thomassen et al. (2001)
Respirable 10.5 59.8 14.6 15.0 Ellingsen et al03¥0
Inhalable 9.8 52.2 20.1 17.9 Ellingsen et al. (3003

Only SiMn alloys Respirable 7-14 3151 7-10 27-55 Thomassen et al. (2001)
Inhalable  2-7 23-42 6-11 43-70 Thomassen et al. (2001)
Respirable 11.2 47.2 9.3 32.3 Ellingsen et al. 8Y00
Inhalable 5.0 37.9 9.0 48.1 Ellingsen et al. (2603)

& PM,psamples collected 350 m from the Mn alloy plant

® Respirable aerosol samples collected in diffeae@as inside the Mn alloy plants
¢ Inhalable aerosol samples collected in differeaaa inside the Mn alloy plants
" Minimum and maximum percentage

16



423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455

Figure captions

Figure 1. Location of the sampling site and mangaraloy plant. Wind rose of the
sampling period (12 May-9 June 2016) developed \v@ffenair tools. According to
Beaufort scale, calm criteria 0.28 M. s

Figure 2. Variability in the Mn species (%) assteihwith the PMp samples collected
at the CCV site, according to the sequential elitradest.

Figure 3. Comparison between the Mn soluble frasti(water-soluble and all soluble
Mn species) derived from the sequential extractest and the Mn solubility in two

common SLFs (from Hernandez-Pellon et al., 2018).
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458  Figure 1. Location of the sampling site and mangaraloy plant. Wind rose of the
459  sampling period (12 May-9 June 2016) developed \@fenair tools. According to
460 Beaufort scale, calm criteria 0.28 M. s

18



461

462
463

464
465
466

80

70

60

50

40 —

% Mn

30

20

10

S
0

B Water-soluble Mn O Mn® and Mn2* O Mn** and Mn** O Insoluble Mn

Figure 2. Variability in the Mn species (%) assteibwith the PMp samples collected

at the CCV site, according to the sequential eitradest.
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469  Figure 3. Comparison between the Mn soluble frastiGwater-soluble and all soluble
470  Mn species) derived from the sequential extractest and the Mn solubility in two

471 common SLFs (from Hernandez-Pellén et al., 2018).
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Table 1. Optimized leaching conditions for Mn spsci

Step Components Mn compounds Reagent Conditions

1 Water soluble Mn - 0.01 M ammonium acetate 90 min, 20°C
2 Mn° and Mrt* Metallic Mn, FeMn, MnO, MgO, 25% acetic acid 90 min, 75°C

3 Mn* and Mt Mn,03, MNO,, Mn;O,4 0.5% hydroxylamine hydrochloride in 25% acetiadaci 90 min, 75°C

4 Insoluble Mn SiMn

69% nitric acid-30% oxygen peade 8:2 60 min, 220°C




Table 2. PM, levels, total Mn content and meteorological comdisi (precipitation,
temperature and relative humidity) at CCV during sampling period. 28 daily values.

PMc Total Mn Precipitation Temperature Relative humidity
ng-m° ng-m-° mm/day °C %

Mean 26.6 208.6 1.3 20 81.6

Median 27.1 83.2 0 20.4 82.1

SD 4.9 311.3 3.4 1.8 55

Min 16.3 5.8 0 16.5 70.6

Max 34.4 1138.9 17 24 90.9




Table 3. Pearson correlation coefficients betwéentotal Mn content, P)j levels and
meteorological variables. 28 daily samples.

PMic P T HR
Total Mn 0.65 -0.11 0.17 0.01
PMzg -0.44 0.23 0.15
P -0.48 -0.12
T 0.32

P: Precipitation (mm); T: Temperature (°C); HR: & humidity (%). In bold p value<0.05



Table 4. Comparison of the proportion of Mn speciesin % of the total Mn content in aerosol samplesimpacted by the Mn alloy industry

Production Sample Water-soluble Mn Mn” and Mn** Mn*® and Mn** Insoluble Mn References

Mixed FeMn/SiMn alloys  PMy 499 27.1 8.8 14.6 This study®

Mixed FeMn/SiMn alloys  Respirable 8-21° 57-62° 9-17 13-18" Thomassen et al. (2001)°
Inhalable  8-21 50-54" 12-22° 16-24° Thomassen et al. (2001)°
Respirable 10.5 59.8 14.6 15.0 Ellingsen et a. (2003)°
Inhalable 9.8 52.2 20.1 17.9 Ellingsen et a. (2003)°

Only SiMn dloys Respirable 7-14 31-51° 7-10° 27-55 Thomassen et al. (2001)°
Inhalable  2-7 23-42° 6-11" 43-70° Thomassen et al. (2001)°
Respirable 11.2 47.2 9.3 323 Ellingsen et a. (2003)"
Inhalable 5.0 37.9 9.0 48.1 Ellingsen et a. (2003)°

& PM 1o samples collected 350 m from the Mn alloy plant
b Respirable aerosol samples collected in different areasinside the Mn alloy plants
¢ Inhalable aerosol samples collected in different areas inside the Mn alloy plants

" Minimum and maximum percentage
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