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ABSTRACT

Atmospheric ultrafine particles (NPs or Ry were investigated at a roadside of Nguyen
Van Cu road (Vinacomin) and at a mixed site in tHanoi University of Science and
Technology (HUST) in Hanoi, Vietnam. The samplingsiconducted during a rainy reason and
a dry season to determine the characteristicsnodsgiheric elemental and organic carbon in the
nanoparticles. The relative contributions of orgacarbon (OC) and elemental carbon (EC) to
total carbon (TC) at HUST were 83.7 — 85.0 % an®d486.3 %, respectively; whereas those at
Vinacomin’s sampling site accounted for 78.6 — 8h5%nd 18.5 — 21.4 %, respectively. The
study provides an interesting observation thatipdete OC and EC have spatial and temporal
variations dependent on sampling sites and weatheditions. In contrast, consistent OC/EC
ratios were also found at both seasons of eachidocan which the ratios were from 3.68 to
5.68. The correlations of OC and EC were foundhim tainy season with the slopes ranging
from 0.21-0.34; however, these correlations wer¢ oloserved in the dry season. The
relationships between OC and EC, char — EC and so&®C can be used in primarily
determining the sources of NPs in the atmosphere.

Keywords. nanopatrticles, EC, OC, char-EC, soot-EC.



Nguyen Thi Thu Thuy et al.

1. INTRODUCTION

Recently, substantial attention has been paid nmspheric particulate matter, which is
believed to be strongly associated with advers#hetfects [1 - 4] and environments [5]. In the
past decade, it has been found that the smalkgiradle particles (P or, especially, ultrafine
particles) pose a higher risk to human health [6Dde to intensive research, there is emerging
evidence that exposure to nanoparticles (NPs) egraely affect human health [8 - 11]. These
particles could also influence the visibility anilgal climate [12, 13]. Such adverse effects of
NPs could be attributed to their small size, arghimumber concentration, as well as bounded
elemental/organic carbon, sulfate, elements and PApdlycyclic aromatic hydrocarbons).
Therefore, it is important to gain the best underding about the species’ concentrations of NPs
to assess these effects. Carbonaceous matter &oa component of the ambient atmospheric
nanoparticles [14 - 19]. These carbonaceous aar@sel mainly divided into two fractions:
elemental carbon (EC), often called BC or soot, arganic carbon (OC). BC is one of the key
components of atmospheric aerosols that warm tmesghere by absorbing sunlight, while
aerosols containing OC cool the atmosphere by asing the Earth’s reflectivity [21]. More
significantly, while EC originates from the burnin§carbonaceous matter, OC may be emitted
directly in the particulate phase or formed frongas-to-particle conversion process in the
atmosphere [22]. Therefore, particulate OC and B@Harge spatial and temporal variations
dependent on sampling sites and weather conditionsontrast, consistent OC/EC ratios are
more often found corresponding to a certain locatind season [23]. Hence, information of EC
and OC plays a vital role in not only evaluating tmpacts of NPs but also understanding the
source type and strength. EC can also be subdiwidedwo classes: char — EC (EC1 — POC)
and soot — EC (EC2 + EC3) [24 - 25]. Char congi$tthe solid residues of combustion and
retains some original properties of the source rizd¢e Soot, on the other hand, is formed
through high-temperature condensation of hot gaseanating from solid and liquid fuels
during combustion; soot retains very few of thegbgl and chemical properties of the source
materials [26].

However, data on carbonaceous components in NPgithsgcarce in developing countries
including Vietnam. To the best of our knowledgelydew research studies on NPs in Vietnam
[27, 28]. Our previous studies only stated dat®ahand EC fractions, they have not shown the
relationship between OC and EC as well as the €Ha€ and soot — EC ratios. This study is,
therefore, aimed at the determination of the charatics of atmospheric EC and OC in NPs in
Vietnam in which, the relationships between OC BEfij char — EC and soot — EC ratios will be
analyzed deeply. These relationships would be Wduso examine the possible emission
sources of NPs in the atmosphere.

2. MATERIALS AND METHODS
2.1. Study area

Hanoi is the capital of Vietnam and the seconddstrgity in the country. Hanoi is located in
the north of the country so it has monsoon andidrofimate with the cold and dry winter and
hot and rainy summer. A number of activities sushransportation, industry, construction, and
domestic cooking can be considered to be the noaiml kources of NPs emission into the air of
Hanoi. Two sites, located at Gia Lam district (Miomin) and Hanoi University of Science and
Technology (HUST), were selected to be samplingssiBummary information of the sampling
sites is presented in Figure 1 and Table 1.

306



Characteristics of elemental and organic carbon in atmospheric nanopatrticles...

(L

The first sampling site is located on th é & e ar Ty B o
5" floor of Vinacomin building, at a ;
roadside of Nguyen Van Cu road; it is nei S,
an intersection of two main roads, Gia Lal o
bus station, and Gia Lam railway statiorzZii 0. - S e

T tam Quan
™ Irac Mo trung -

AN ool

Vinacomin site

Quan Tr,.
N

@ Chi‘Minh

Gia lam district is also one of places thi
have strong biomass burning activities. Tt  Hanoi """ %l
other sampling site is located on tH&for e e Py
of the Center of Foreign Languages, HUS™ "
which is surrounded by trees, a lake ar
lecture halls. This sampling site can b :
considered as a mixed site with a lot « (g * . 250N

.. . B < HUST site Cye EELL
activities such as transportatiorcy; PHUONG bl _
construction, and domestic cooking... that :
can contribute to the compositions of NPs.

Hodng

Ba Tridi
@

Figure 1. Location of sampling sites in Hanoi.
Table 1. Coordinates and the inlet height of the samplibgssi

Site name Coordinates Note

HUST 2100.17 N and 10%0.37 E &' floor of Center of Foreign Languages, HUST (8 m)

Vinacomin  2£03.01 N and 10%3.04 E & floor of Vinacomin building, Nguyen Van Cu road(fin)

Sampling was conducted during the wet season andirh season for both sites. These
sampling periods were selected so that the infleent seasonal reversing winds with
temperature and relative humidity characteristicsrasponding to the seasons in Hanoi,
Vietnam, could be observed.

2.2. Sampling collection and analytical method

An inertial fibrous filter (INF) sampler (the newtegrsion KU- TSC 26A57C1, Kanazawa
University) with a design airflow of 40.0 | minwas used to collect NPs. The INF sampler
consists of four impaction stages that collectipiag with diameters of 10, 2.5, 1.0, and 0.5 um.
The system also has one inertial filtration stagemmosed of unwoven stainless steel fibers for
collecting particles larger than 0.1 um after therfimpaction stages. NPs are collected uniform
on to a 55 mm quartz fiber filter (2500 QATUP, Pallflex, CT, USA).

The 24-h sampling duration was conducted in Audreshy season) and from October to
December (dry season) of 2015. Seven samples wakes for each season at Vinacomin. At
HUST, seventeen samples were collected for they re@rmson and twenty-eight samples were
taken for the dry season. Six blank samples (tbamaples/season) and ten blank samples (three
samples/rainy season, seven samples/dry seasom taken for Vinacomin and HUST,
respectively. Flow rates of the samplers and metegical parameters, including wind direction
and velocity, temperature and humidity, were meawvery hour during sampling. Some
meteorological data are shown in Table 2.

Quartz fiber filters were pre-baked at 980 for four hours to remove any possible
contamination [29, 30]. After sampling, each guditer was put in a Petri dish and kept in a
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separate airtight bag. The samples were refriggrateHUST and were transported (in an ice
box) to the Saitama University’s laboratory in Japar analysis.

Table 2. Meteorological data.

Temperature Relative Wind speed  Prevailing wind Number of
°O) Humidity (%) (km/h) direction rainy days
Vina® HUST® Vina HUST Vina HUST Vina HUST Vina HUST
Rainy season 30.0 30.0 724 749 7.9 9.8 SSE SSE 2 2
Dry season 26.1 24.7 67.0 77.8 6.3 9.9 ENE E None 8

Note: a -Vinacomin (roadside site), b- HUST (mixed site)

The samples were analyzed for OC and EC by usthgranal/optical carbon analyzer (DRI
Model 2001, Atmoslytic, Inc., Calabasas, CA, USAyhich is based on the IMPROVE
(Interagency Monitoring of Protected Visual Envinents) method [30, 31]. A 0.503 &m
punch-out from the quartz fiber filter was analyzed €ight carbon fractions stepwise at
temperatures of 120 (OC1), 250 (OC2), 450 (OC3) %5 (OC4) in a non-oxidizing helium
atmosphere and at 550 (EC1), 700 (EC2), and°80EC3) in an oxidizing atmosphere of 2 %
0O,, with the balance being helium. A portion of theatilizable carbon chars in the absence of
oxygen, and this is monitored by the reflected l&ight as the filter darkens. After O2 is added,
the original EC and pyrolized char evolves and filter lightens as detected by increasing
reflectance. The carbon that evolves in the oxidiatmosphere until the reflected light achieves
its initial value is termed pyrolyzed organic canf®OC). POC was continuously monitored by
reflectance or transmittance of laser signal. O@perationally defined as OC1 + OC2 + OC3 +
OC4 + POC, and EC is defined as EC1 + EC2 + E@®C. The EC fraction was divided into
char-EC and soeEC [24 - 25]. ChatEC is defined as EC1 minus POC, and the-460tis
defined as the sum of EC2 and EC3 [32, 33].

3. RESULTS AND DISCUSSION
3.1. Concentrations of carbonaceous components

Average concentrations of carbonaceous componémM®®, collected at the both sites in
the two seasons, are shown in Table 3.

Table 3. Average carbonaceous concentrations and theasratiboth sites.

Roadside site Mixed site Mixed site /Roadside site
(Vinacomin) (HUST) ratio
Component Concentration (2%, 1atm, pg/m) Mass/mass
Rainy season Dry season Rainy season Dry seasonny &&son  Dry season
ocC 2311051 4.29+0.77 2.04+0.67 1.84+0.45 80.8 0.43
EC 0.53+0.20 1.17+0.32 0.67+0.17 0.32+0.11 61.2 0.27
TC 2.84+0.72 546+1.09 2.48+0.86 2.15+0.52 70.8 0.39
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Concentrations at the roadside

Generally, the measured amount of OC accountedd@ % to 81.5 % of TC in NPs. The
average concentrations of carbonaceous componetiie dry season is higher than those in the
rainy season. The higher concentrations of thesdason samples might be related to increased
energy (fuel) consumption and biomass burning #iets/ around the sampling site. Gia Lam
district is a place that has strong biomass burautiyities in October. This period was also the
time when the collection of NPs in the dry seasas wonducted.

The results of carbonaceous components of NFssstudy can be compared with those in
the roadside environment of other studies as shioviable 4

Table 4. OC and EC concentrations of NPs at the roadsidkffefrent locations

Rainy season (ug/m) Dry season (ug/m
This [33, 34] 23] 23] . [33, 34] [35]
Study Japan Japan Germany This study Japan usS

Carbonaceous
components

ocC 231+051 1.12+0.13 1.01+£0.16 1.21+04329+0.77 1.12+0.14 1.10+0.30

EC 0.53+0.20 0.19+0.03 0.08+0.05 0.14+0.06.17+£0.32 0.20+0.04 0.50+0.10

Generally, the carbonaceous components in thidystue higher than those of other
studies. These results support the likelihood tefspecific differences such as sampling period,
location, and sampler. It may be needed to knowctmeentrations of nanoparticles at different
time periods under various environmental condititmget better understanding about the level
of nanoparticles in the atmosphere. These datamdhe a significant contribution to push up
further studies of NPs in Vietnam.

Concentrations at the mixed site.

In contrast with the roadside site, carbonaceounseamrations of NPs in the rainy season
were slightly higher than those in the dry seashmese results might be explained by the
different number of rainy days in the two samplpggiods as shown in Table 3.

Generally, the OC fractions at this site were highan those at the roadside site (83.7 % -
85.0 %). To evaluate the different levels of cadmmous components in NPs at the two sites, the
mass ratios between the mixed site and roadside (MR ratios) are calculated and also
presented in Table 3. The M/R ratios in NPs we88 OC), 1.26 (EC), and 0.87 (TC) in the
rainy season; whereas the M/R ratios in dry seasme 0.43 (OC), 0.27 (EC), and 0.39 (TC).
These results support the probability of the immdche biomass burning activities or increased
energy (fuel) consumption in the dry season avihacomin site.

3.2. Seasonal variation OC/EC ratios

EC originates from primary anthropogenic sourceg.,(diomass and fossil fuels) and is
not formed by reactions involving gaseous hydrogarbrecursors in the atmosphere. However,
OC is emitted from primary emission sources and aBo be derived from the chemical
reactions of gaseous organic precursors in the spph@ve. Secondary OC is also formed by
condensation of low vapor pressure products duyhrago-oxidation of hydrocarbons. The ratios
between OC and EC concentrations have been ussddyg the emissions and transformation
characteristics of carbonaceous aerosols.
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The OC/EC ratios at Vinacomin’s site were 3.68 4r&9 in the rainy season and the dry
season, respectively; whereas these rations at Hid@Tvalues of 5.14 and 5.68 in the rainy

season and the dry season, respectively. Thess &h be considered to be consistent at each
location.

Raniny season ¥ = 0.3425x - 0.2638, R*=0.7406 Rainy season y=0.2106x - 0.0328, R?=0.7191
@, & Dryseason y =0.2539x +0.0773, R2= 03745 Dry season ¥ = 0.1392x +0.0675, R* = 0.2956
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Figure 2. Relationship between EC concentration and OC curation at the two sites.

The correlation between OC (x—axis) and EC (y—axid)iPs at Vinacomin and HUST is
shown in Figure 2, (a) and (b) respectively; thgsés show the relative contributions of OC and
EC fractions to the composition of the particlesiniy the sampling period in each season. They
showed strong correlations in the rainy seasér=(B.74 at Vinacomin and’R 0.72 at HUST).
Generally, slopes ranged from 0.21-0.34. The slap¢his study can be considered to be in the
same range with those of other studies [32, 34loaljh the concentrations of carbonaceous
components in the former were higher than thosithefater. The particulate OC and EC have
large spatial and temporal variations dependensampling sites and weather conditions. In
contrast, the consistent OC/EC ratios are morendftand corresponding to a certain location
and season. However, the relationships between ICE€ was not found in the dry season.
Therefore, in order to use the relationships betw@€ and EC to determine the sources of NPs,

it is necessary to conduct deeper and longer studibave the comprehensive knowledge about
them.

3.3. Char EC/ Soot EC rations

EC is not a single chemical compound. It can bealisided into two classes based on our
analytical methods: charEC and soot EC. Char EC was defined as a carbonaceous material
obtained by heating organics. It is formed diredtiym pyrolysis or as an impure form of
graphitic carbon obtained as a residue when cademus material is partially burned or heated
with a limited supply of air. Soot was defined adyathose carbon particles that form at high
temperature via gaseophase processes [35]. ChaEC is emitted largely from biomass and
coal combustion while soet EC is emitted largely from motor vehicle emissiard forest
fires. The soot EC/char- EC ratio depends upon the mixing function of thifedént sources:
motor vehicle emissions and possibly grass burrgsglt in higher soot EC/char- EC ratios,
while wood combustion, particularly biomass burnibg smoldering at low temperature,
produces lower soot EC/charEC ratios [36, 37]. Therefore, charEC/soot— EC ratios can
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also be used as an indicator of the emission ssuatel the char-EC/soetEC ratio of motor
vehicle emissions tends to be lower than that @iss or coal combustion.

The average concentrations of chd&C and soot EC in the two seasons at two sampling
sites and the charEC/soot- EC ratios is shown in Table 5.

The average concentrations of chaEC and soot EC for the two seasons were 0.55 +
0.24 and 0.29 + 0.0fg/n? at the Vinacomin site, and 0.18 + 0.10 and 0.18.05 pg/n? at
HUST, respectively. The charEC/soot- EC in the NPs ranged from 0.81 to 2.79 (Table 5).
The char- EC/soot— EC ratio at Vinacomin tended to be high in the deason samples
reflecting the contribution of the biomass burnihging the sampling period. These results can
be considered to be in the same range with thosgthefr studies (0.73 - 3.04) although the
concentration of char EC/soot— EC of NPs in this study is higher than those okotttudies
[33, 34]. Once again, these results support theryhihat consistent charEC/soot— EC ratios
can be found corresponding to a certain locatiahssaason.

Table 5. Average concentrations of char-EC and soot-ECtheid ratios.

Roadside site (Vinacomin) Mixed site (HUST)
Component - .
Rainy season Dry season Rainy season Dry season
Char-EC (ug/n7) 0.26 £ 0.13 0.84+0.34 0.21+£0.13 0.14 £ 0.07
Soot - EC(ug/n) 0.26 £ 0.08 0.32 £0.06 0.18 £ 0.04 0.18 £ 0.06

Char-EC/Soot EC ratios 0.96 +0.27 2.79 £ 1.47 1.10 £ 0.60 0.81+0.41

The observed correlations of chalEC and soot EC with EC in NPs in each season at the
two sites are plotted all together to show theti@iahips. As shown in Figure. 3, both ckd&C
and soot- EC in the NPs had a strong positive correlatioth\iC, except for the dry season at
Vinacomin (soot- EC with EC). This exception of correlations of BGd soot- EC in the dry
season may be influenced by biomass burning detivit the sampling site. In addition, these
relationships between EC, chaEC, and soot EC concentrations can be found in other studies
but they have the lower slopes [33, 34]. This tesaplies that the char EC/soot— EC ratio
may be a useful indicator for source identificatiblowever, it is also important to note that the
char EC/soot EC ratio can be varied depending on the charatitsrisf the study area.

EC with char-EC rainy scason  y =1.4892x | 0.1353, R*=0.9608

EC with char-EC rainy season y=1.2249% +0.1345, R?=0.9693
FC with snot-EC rainy season ¥ — 2.4829x - 0.1286, R2—0)
~ with soot-EC rainy seas ¥ =3.292x -0.2046, R?=0.687
EC with char- EC dry season ¥ =0.9308x +0.3514, R* =0.0708 EC with soot-EC rainy season ¥ x -0.2046 .68
e LC with soot-EC dry season EC with char-EC dry season ¥ =2.0083% = 0.0945, RE=0.7362
; 2 = EC with soot-EC dry season y =2.3091x - 0.0309. R?=0.5736
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Figure 3. Correlations of EC with char-EC and soot-EC.
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4. CONCLUSION

The atmospheric carbonaceous components, partic@&, EC, char EC and soot EC
in the NPs, were measured in a rainy season amg sedson (August to December) at the two
locations in Hanoi, Vietham. It was found that @ounts for 78.6 — 81.5 of TC in the NPs at
the Vinacomin site, and 83.7 — 85.0 % of TC inliigs at HUST site. The relationships between
OC and EC were also found at both sites in theyra@ason with the slopes ranging from 0.21—
0.34. The charEC/soot- EC ratio distribution indicated their associatioithasource profiles.
Char- EC/soot- EC rations varied from 0.812.79. Both char EC and soot EC in NPs had
a strong positive correlation with EC in both siteshe two seasons, except for the dry season at
Vinacomin (soot- EC with EC). The relationships between OC, ECyehBC and soot EC
provide an opportunity for better understandingcafbonaceous aerosols. These results are a
significant contribution to Vietham'’s database aflibnaceous components in the NPs.

Acknowledgment. Kanazawa University, Japan is acknowledged for idiog the sampler (KU — TSC
26A57C1) for this study.
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