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Abstract: In recent years, rice straw open burning (RSOB) activity has commonly occurred after
the harvest in the countryside of Hanoi. This activity has caused negative impacts on air quality,
especially it emits a large amount of black carbon (BC), a short lived climate pollutant (SLCP). As
the other SLCP,, BC directly affects human health and ecosystem. This paper presents the results
of measured BC concentrations in RSOB season in Lai Yen commune, Hoai Duc district in Hanoi.
The results showed that the hourly average BC concentrations in three monitoring periods were
8.43 + 0.67 ug/m’ (23 - 25 Oct. 2015), 7.64 + 0.73 pug/m’ (26 - 28 Feb. 2016) and 3.74 + 0.30
ug/m® (15 - 19 Jun. 2016), respectively. The lowest BC concentration was 0.36ug/m® while the
highest nearly reached 36.8ug/m>. BC concentration in this study is higher than that of Lang air
quality-monitoring station. This result is useful for national policy makers and managers for tighter

control of RSOB activities.
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1. Introduction

Black carbon (BC) is a distinct type of
carbonaceous material that is a strongly light -
absorbing component of particulate matter,
primarily emitted from the incomplete
combustion of fossil fuels, biofuels and biomass
[1, 2]. There is about 90% of BC contained on
PM, s, aerosol which is the main human and
ecosystem - affected reason [3].
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BC is a short-lived climate pollutant
(SLCP), only exist in the atmosphere from few
days to a week, but BC contributes to
atmospheric warming, surface dimming, the
formation of Atmospheric Brown Clouds
(ABCs), Snow/ice albedo, and changes in the
pattern and intensity of precipitation [2, 4, 5, 6].
Anthropogenic activities as biomass burning,
transportation, solid waste burning, residential
etc. are considered a main BC emission
resource. In 2000, global BC sources emissions
were estimated about 42% - the largest portion -
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from open burning [7]. According to the
published literatures the majority of global BC
emissions comes from Asia, Latin America, and
Africa [1, 2].

Rice straw open burning (RSOB), one of
the main BC sources in agriculture, are
gradually becoming an effective, timely and
costly - saving methods of field cleaning,
especially in Asia e.g. Thailand [5], Hong Kong
[8] and Vietnam [9]. Rice straw and other field
residues are no longer to be used in cooking,
roof thatching, feeding domestic animals which
leads to the increase of agricultural field
burning activities. In Vietnam, few research on
BC has been conducted, hence, the present
study investigate the BC concentration in
RSOB season in Hanoi suburban area.

Monitoring  BC  concentration  was
conducted in Hanoi suburban area during the
rice straw open burning, the variation.

2. Methodology

The research concentrated on monitoring
concentration of BC in Lai Yen commune, Hoai
Duc district, Hanoi city. Sampling was
conducted in three periods: (/) 234 - 25"
October, 2015: straw was scatteredly burned
after harvesting; (2) 26™ - 28" February, 2016:
four months after harvesting; (3) 15™-19" June,
2016: rice straw was burned continuously
before the new crop.

The sampler, MicroAeth® Model AESI,
was set at the height of 7m above surface with
the distance of about 500m in the Northeast
direction from the rice field. Measurement unit
is nanogram/mS, in-flow rate: 50mL/min,
timebase: 300 seconds.

3. Results and discussions

In three different periods, the trend
variation of BC concentration was found nearly
the same, where high values were in the
evening and morning, low values were at noon

(Fig. 2). It can be explained that burning time
occurs mainly in late afternoon therefore
concentration of pollutant kept rising from
evening until the next morning. At noon time,
the values of BC decrease due to dispersion
and dilution.

The hourly average BC concentration from
23".24™ Oct, 2015 was 8.43 + 0.67ug/m’. In
this period, rice straw burning is in dry season,
the BC concentration reached the highest value
23.41 pg/m’.

Four months later, the average BC
concentration and median in three monitoring
days were 7.64 + 0.73 pug/m’ and 5.8 pg/m’,
respectively. BC concentration was lower than
the previous period but still high. The reason
was that this time was dry season in Northern
Vietnam with low precipitation.

The third period was the longest
observation, from 15" to 19" June, 2016. The
hourly average BC concentration ranged from
0.36pg/m’ to 19.68ug/m’. Although sampling
was carried out in the burning time, BC
concentration was relatively lower (3.76 £2.93
pg/m’) than previous periods.

The weather in this time was unstable with
rain and high wind speed in late afternoon and
early morning, that could lead to the decrease of
BC concentration. At noon, the dispersion
increase because of high solar radiation, wind
speed (about 2 m/s), high temperature resulting
in low BC concentration.

Pollutants rose chart (Fig.1(c)) showed that
frequency of NW wind direction (with main
field and there were a lot of combustion
sources) was low but high concentrations of BC
appeared at this wind direction. In contrast, the
frequency of SE wind direction was high but
BC concentration was low because of less of
open burning sources (Fig. 1 (b)).

The variation of BC concentration in Lai
Yen and Lang was similar but the changes in
Lai Yen, which located near the combustion
sources, was higher than Lang. Lang was far
from open burning source and in Hanoi city
center therefore, BC concentration measured
here maintains low value (Fig. 3)
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Meteorological monitoring equipment, ProweatherStation™, was used and set up for parameters of
wind direction, wind speed, humidity, temperature and pressure.
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Figure 1 (a). Sample

Figure 1 (b): Wind rose (Note: The left
column indicates the number of occurrences of
wind direction (the length from the center), and
the right column is wind speed (m/s)).

location Map.

Figure 1 (c): Pollutants rose (Note: The left
column indicates the number of occurrences of
wind direction (the length from the center), the
right column: BC concentrations (pg/m’)).
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4. Conclusion and recommendation

BC concentration in RSOB seasons which
were monitored in Lai Yen commune from
October, 2015 to June, 2016 was much higher
than that in Hanoi center (the data of Lang air
quality-monitoring station). In the period 23™ -
25" October, 2015, the hourly average BC
concentration in Lai Yen was 8.43 pg/m’
meanwhile data from Lang station was only
2.43ug/m’. The diurnal variation was found to
be similar in all three monitoring periods. The
increase in early morning, night and the

decrease after 9 a.m. are affected by
meteorological factors, source distance, and
burning time. In detail, wind direction and wind
speed are considered as the most influencing
factors. At wind direction with more burning
sources, BC concentration can reached a greatly
high value. June 2016 is also in RSOB season
but BC concentration was low because of rain,
high wind speed and high dispersion condition.
As the results, the conclusion is that RSOB
activities have been causing the increasing of
BC concentration in the rural area.
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Figure 2. The hourly average BC concentration.
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Figure 3. Comparison of hourly average BC concentration in Lai Yen and Lang station.
Acknowledgements [2] USEPA. Report to Congress on Black Carbon,
Department of the Interior, Environment, and
We are grateful to the project named Related Agencies Appropriations, 2010.
“Assessment of impact of the emission [3] Sahu, L.XK. Kondo, Y. Miyazaki, Y.,
reduction measures of short-lived climate Pongkiatkul, P., Oanh, N.T.K. Seasonal and
pollutants on air quality and climate in diurnal variations of black carbon and organic
Southeast Asia” (PEER-SEA SLCP) for their carbon aerosols in Bangkok. J.Geophys. Res.
. Atmos. 116 (2011) D15302.
equipment support. i
[4] UNEP and C4. The Asian Brown Cloud:
Climate and Other Environmental Impacts.
References United Nations Environment Programme
(UNEP), Nairobi, Kenya, 2002.
(1] T.C. Bond et al. Bounding the Role of Black [51 UNEP, Atmospheric Brown Clouds: Regional

Carbon in the Climate System: A Scientific
Assessment. J. Geophys. Res. 118 (2013) 5380.

Assessment Report with Focus on Asia. United
Nations Environment Programme (UNEP),
Nairobi, Kenya, 2008.



58

(6]

(71

HX Coetal | VNU Journal of Science: Earth and Environmental Sciences, Vol. 32, No. 1S (2016) 53-58

N.T. Kim Oanh, L.B. Thuy, D. Tipayarom, B.R.
Manandhar, P. Prapat, C.D. Simpson, L. J.S.
Liu. Characterization of particulate matter
emission from open burning of rice straw.
Atmospheric Environment 45 (2011) 493.

T.C. Bond, D.G Streets, K.F. Yarber, S.M.
Nelson, J.H. Woo, Z. Klimont. A technology-
based global inventory of Black and Organic

(91

integrated approach to identify the biomass
burning sources contributing to black carbon
episodes in Hong Kong. Atmospheric
Environment 80 (2013) 478.

Hoang Anh L&, Nguyén Thi Thu Hanh, L&
Thity Linh, Udc tinh lugng khi pht thai do dot
rom ra tai déng rugng trén dia ban tinh Thai
Binh, Tap chi Khoa hoc PHQGHN, Cic Khoa

Carbon emissions from combustion. Journal of
Geophysical Research 109 (2004) D14203.

[8] Y.C. Lee, Y.F. Lam, G. Kuhlmann, M.O.
Wenig, K.L. Chan, A. Hartl, Z. Ning. An

hoc Trdi dat va Moi truong, Tap 29, S6 2
(2013) 26.

Pénh gid ndng d6 cdc bon den trong thoi ky d6t rom ra
ngoai dong rudng khu vuc xa Lai Yén, ngoai thanh Ha N1

Hoang Xuéan Co', Pinh Manh Cuodng', Nguyén Thu Hang',
Lé Thi Hoang Yén', Hoang Anh L&', Hoang Thi Thom?, Ngé Pang Tri®

"Khoa Moi truong, Truong Dai hoc Khoa hoc Ty nhién,
Pai hoc Quoc gia Ha Ngi, 334 Nguyén Trdi, Thanh Xudn, Ha NGi
Trung tam Khi twong Thuy van Quédc gia, Dai Khi twong Thity van khu vire Bong bang Bic Bg,
62 Nguyén Chi Thanh, Ling Thirong, Péng Pa, Ha Néi
*Bado tang Thién nhién Viét Nam, Vién Han lam Khoa hoc va Cong nghé Viét Nam,
18 Hoang Quéc Viét, Cau Gidy, Ha Ni

Tém tit: Trong nhitng nam gan day, dot rom ra ngoai ddng sau mdi vu thu hoach dién ra phd bién
& khu vye ngoai thanh Ha N¢i gy anh hudng tryc tiép t6i sirc khoe con ngudi va bién ddi khi hau. Bai
bédo nay trinh bay nhirng ddnh gid Ve nong d6 BC trong thoi ky dét rom ra tai xa Lai Yén, huyén Hoai
Ptic, thanh phdé Ha Noi. Két qua nong d6 BC trung binh gid tai ba giai doan trong vu thu hoach lda
mua (23 - 25/ 10/2015); sau vu thu hoach (26 - 28/ 2/2016) va dau vu lda xuan (15 - 19/6/2016) lan
luot 1a: 8,43 + 0,67 pg/m*; 7,64 + 0,73 pg/m’; 3,74 + 0,30 ug/m’. Trong d6 c6 thoi diém ndng d6 BC
trung binh gid' cao nhat dat téi 19,67ug/m’ va nong d6 BC thap nhat 1a 0,36ug/m’. Két qua cho thdy
ndng d6 BC trung binh gio tai xd Lai Yén trong khoang thoi gian dbt rom ra ngoai ddng cao hon so
v6i gid tri do dugce tai tram Lang. Két qua nghién ciru nay rat hiru ich cho cdc nha hoach dinh chinh
sdch qudc gia va cdc nha quan 1y dé gép phan kiém sodt chit ché hon cic hoat dong dbt rom ra ngoai
dong rudng.

Tir khéa: Cac bon den, d6t rom ra ngoai ddng rudng.



