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Abstract: Polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans (PCDD/Fs)
released from thermal processes of various industries have urgently concerned. Stack gas samples
were collected from selected electric arc furnaces (EAFs) in Vietnam in order to investigation of
PCDD/F concentration, congener profile and emission factors. U.S EPA method 23 was used
following the requirements for isokinetic sampling of stack gas emission. The quantification of
PCDD/Fs was carried out by high resolution gas chromatography, coupled with high resolution
mass spectrometry (HRGC/HRMS). The results suggested that mass concentration and TEQ of
PCDD/F in stack gas samples from EAFs in Vietnam ranged from 0.077-2.26 ng/Nm® and 0.027—
0.264 ngTEQ/Nm’, respectively. Emission factors of PCDD/Fs are determined in the range of 0.89
—2.03 ugTEQ/ton of product. Emission factor of PCDD/F from the EAF plants in Vietnam were
equivalent to those in some countries in Asia, but higher than those of the industrialized countries

in European Union.
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1. Introduction

Dioxin contamination from Agent Orange
in Vietnam has been received much attention

for the past decades. Besides that,
polychlorinated dibenzo-p-dioxins and
polychlorinated  dibenzofurans  (PCDD/Fs)

released from thermal processes of various
industries have urgently concerned. The
industrialized countries such as the UK, the US
and Japan, emission of PCDD/Fs from waste
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incinerators remain as a major source from the
industrial activities, responsible for 30-56, 38
and 87%, respectively, of the total emissions
(UNEP, 1999) [1]. In the UK [2], the emissions
from metal sector including sinter plants, steel
and non-ferrous metals, contribute in total
dioxin emissions from 15 to 26%. The
PCDD/Fs emissions inventory in Taiwan has
reported that sinter plants and electric arc
furnaces were more important sources than
from waste incinerators, contributing 32 and
23% to the total emissions, respectively [3].

In Vietnam, steel industry was growing at a
rate of 13.2% per year during 2005-2009
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(UNIDO, 2012) [4]. In the same period, the
steel consumption demand increased by about
15.7% per year and reached a total consumption
estimated of 15.37 million tonnes in 2009.
About 95% of steel plants use electric arc
furnaces (EAFs) for the production processes
[4]. The EAF process includes stages of
feeding, smelting, oxidation, reduction and
steel discharge.

This is one of the first studies in Vietnam to
investigate PCDD/Fs emissions from EAF
plants. The data from this study will provide
more understanding about the emissions of
PCDD/F in the country and contribute to its
development of inventory of PCDD/F.

2. Experiment
2.1. Sample collection

Four typical EAF in Luu Xa, Thai Binh
Duong, Dana-Y and Bien Hoa steel plants have
been selected for investigation of dioxin and
furan release to the air. Basic information
regarding the investigated plants is given in
Table 1. The stack gas samples (consisting of
both particulate and gas phases) in each of the
selected EAFs were isokinetically sampled in
accordance the method 23 of the United States
Environment Protection Agency (U.S EPA,
1998) [5]. Samples of stack gas were taken
using the ESC C5000 sampling train
(Environment Supply Company, USA). Before
sampling, XAD-2 resin was spiked with
BCPCDD/F surrogate standards. Particulate
phase was collected on a quartz fiber filter
(QFF, Pall Corporation, USA). The isokinetic
percent for stack gas sampling conducted in this
study ranged from 95 to 103%, which is in an
acceptable range of the US EPA method 23
(90-110%). In order to control cross
contamination, travel blank and field blank
samples were taken during each sampling event.

2.2. Chemical analyses

Chemical analysis of PCDD/F was carried
out using following method 23 (U.S EPA,

1998) with High resolution Gas
chromatography coupled with High resolution
Mass spectrometer (HRGC/HRMS). Seventeen
2,3,7,8-substituted PCDD/F congeners was
carried out by isotope dilution method using
Micromass Autospec Ultima system (Waters,
UK) with Agilent 7890A gas chromatograph
(GC) and DB-5MS capillary column (60 m x
250 um i.d x 0.25 pm film thickness, J&W
Scientific Inc., Folsom, CA). The procedure for
sample preparation and equipment operation
have described in the previous study [6].

The stack gas samples include XAD?2 resin
and quartz fiber filter were Soxhlet extracted
using toluene for 24 hours. The extracts were
concentrated and treated by sulfuric acid (98%).
Clean-up and fractionation steps were
performed using pre-packed silica column,
alumina column, and activated carbon column.
Quantification of seventeen 2,3,7,8-substituted
PCDD/Fs congeners were carried out by
HRGC-HRMS. The method detection limits
were 1.00 and 2.00 pg/Nm3 for tetra-CDD/Fs
and penta- to octa-CDD/Fs congeners,
respectively [6].

Toxicity Equivalent Factors (TEFs) scheme
by the World Health Organization (WHO,
2005) were used for the calculation of TEQ and
comparison in this study. Based on the TEQ
concentrations of the investigated EAFs, the
emission factors of PCDD/Fs were calculated
and compare to UNEP toolkit and other
countries [7].

2.3. Emission Factors of PCDD/F

Based on the TEQ concentrations of the
investigated emission sources (steel and cement
plants), the emission factors of PCDD/F were
calculated as follows [7]:

[Concentration (ng TEQ/Nm®) x Flow rate (Nm®/h)]

EF =
Product rate (ton/h) x 1000

Where:

- Concentration: TEQ concentration in stack
flue gas samples (ngTEQ/Nm’)
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- Flow rate: level of emission flow rate per
hour (Nm*/h)

- Product rate: annual capacity of plant (ton)

3. Results and disscution

3.1. PCDD/F emission from selected EAF
plants

Table 1 shows basic information about
investigated Electric Arc Furnace (EAF) plants.
Stack gas samples were collected from four
selected EAF plants in Vietnam. The mean
concentrations of PCDD/F in stack gas samples
are presented in Table 2. The mass
concentrations and TEQ of PCDD/Fs in EAF
plants ranged from 0.077 to 2.26 ng/Nm’ and
0.027 to 0.264 ngTEQ/Nm’, respectively.
Obtained results showed that EAF3 plant have
significant high TEQ concentration compared
to those in EAF1, EAF2 and EAF4 plant. In
Taiwan, Chang et al. (2006) and Wang et al.
(2009) reported that PCDD/Fs concentrations
from EAF stack gas varied from 0.14 — 0.35
ngTEQ/Nm’ and 0.148 — 0.757 ngTEQ/Nm’,
respectively [8, 9]. In South Korea, Yu et al.
(2006) reported slightly lower PCDD/Fs
emissions from EAFs, varying from 0.004 —
0.182 ngTEQ/Nm3 [10]. The results of the
present study suggest that PCDD/Fs emissions
from EAFs in Vietnam were comparable to
those in Taiwan and slightly higher than those
observed in South Korea. In developed
European Union countries, Quass et al. (2004)
reported TEQ concentration in six ferrous
foundries ranging from 0.003 to 0.184 ng I-
TEQ/m3 [11]. These emissions were
considerably lower than the results of EAFs in
Vietnam.

3.2. Congener profile of PCDD/F

PCDD/Fs congener profiles in stack gas of
EAF plants are illustrated in Figure 1. It should
be noted that in these profiles, PCDD/F
concentrations are presented in mass basis
instead of TEQ basis. Each 2,3,7,8-substituted

PCDD/F congener was normalized to the sum
concentration of 17 PCDD/Fs. It can be seen
that PCDFs were dominant over PCDDs in the
stack gas of both the steel plants. In EAF plants,
2,3,4,7,8-PeCDF congener was abundant in
stack gas (ranged from 14.6 to 40.2%),
followed by 1,2,3,7,8-PeCDD (ranged from 5.5
to 22.0%) and 1,2,3,4,7,8,9-HpCDF (ranged
from 0.8-11.9%). Obtained congener profile of
EAF1, EAF2 and EAF3 have similar trend
while EAF4 was different. As for EAF4 plant,
the major congeners in stack gas were 2,3,4,7,8-
PeCDF (40.2%), followed by 1,2,3,7,8-PeCDD
(22.5%) while hexa CDD and hexa CDF were
below Method Detection Limit (MDL, <0.001
ng/Nm’). It was reported in previous studies
that 2,3,4,7,8-substituted PeCDFs were the
typical congeners in stack gas of sintering and
EAF plants [8, 9]. In this study, PeCDFs in
stack gas accounted for 14.6% and 40.2% of
total PCDD/F concentrations in EAF1 and
BOF1, respectively. The contribution of
2,3,7,8-substituted PeCDF in stack gas of both
EAF1 and BOF1 plants were lower in
comparison with those reported by Chang et al
[8]. Nevertheless, 2,3,7,8-substituted PeCDF in
stack gas as the major congeners agrees with
the results found for sinter plants [3].

Previous study reported by Thuong et al
(2014) showed the same trends of PCDD/Fs
concentration and congener profiles in stack gas
and fly ash samples collected from steel plants
in Vietnam [6]. In this report, this kind of
samples were also collected but will be
presented in other report.

3.3. PCDD/F emission factor

The mean emission factors of PCDD/F
from the stack gas of EAF plants were
estimated and presented in Table 2. The
emission factors were calculated based on the
average flow rates of stack gas and the
operating time per year of each plant (ranged
from 6480 to 7920 hours, Table 1). As can be
seen in Table 2, the emission factor of PCDD/Fs
in EAF plants ranged from 0.89 to 2.03
ugTEQ/ton product.
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The PCDD/Fs emission factors of four
sintering plants in China were 3.95 ugTEQ/ton
[12] and for EAFs in Taiwan were from 1.84 to
2.44 ugTEQ/ton [13]. The emission factors in
Vietnam were comparable to those reported in
Taiwan and slightly lower than those in China.
Iron and steel production plants have been
identified under the sub-categories of ferrous
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and non-ferrous categories of the UNEP Toolkit
(UNEP, 2005) [7]. In this toolkit, emission
factors of seventeen 2,3,7,8-substituted
PCDDJ/F to the air from EAF plants using clean
scrap were 3 and 0.1 ugTEQ/ton liquid steel,
respectively. Overall, the emission factors of
EAF plants in this study were lower than the
default value of the toolkit (3.0 ugTEQ/ton).

Table 1. Basic information about investigated EAF plants

Parameters EAF1 EAF2 EAF3 EAF4
Annual capacity (1000 tons) 160 250 250 180
Operating time per year (h)" 7920 6840 6840 7920
APCDs in sequence BHF BHF BHF BHF
Average temperature of stack gas (°C) 54.0 49.7 50.5 56.0
Average flow rate of stack gas (Nm3/h) 604,800 1,249,200 164,000 687,000
Total Suspended Particles (mg/Nm®) 4.50 1.70 434 4.70
Oxygen content in stack gas (%) 20.5 20.8 20.5 20.7
EAF: Electric Arc Furnace; BHF: Bag House Filter
"It is assumed that working duration of the EAF plants are 330 days per year
Table 2. Concentration of PCDD/F in stack gas samples of EAF plants
Compounds EAFI1 (n=4) EAF2 (n=4) EAF3 (n=3) EAF3 (n=3)
YPCDDs (ng/Nm”) 0.110 0.045 0.393 0.050
Y PCDFs (ng/Nm’) 0.181 0.127 0.744 0.091
Total PCDD/Fs (ng/Nm3) 0.291 0.171 1.137 0.141
Ration of PCDD/F 0.610 0.453 0.509 0.513
WHO-TEQ (ng TEQ/Nm®) 0.066 0.051 0.198 0.067
Emission Factor (ug TEQ/ton of product) 1.98 1.74 0.89 2.03
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Fig 1. Homolog profile PCDD/Fs in selected EAF plants in Vietnam. Vertical bars represent
the percentage of each homolog to total PCDD/Fs concentrations
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To our knowledge, this is the only available
data in Vietnam on the PCDD/Fs emission
factors, which were estimated based on the real
measurements of air emission of PCDD/Fs
from the domestic steel industry. The results of
the present study may suggest that the
PCDD/Fs emission factor to the air of EAF
plants in Vietnam could be around 1.66
ugTEQ/ton of product when using average
emission factor in this study. Further studies are
necessary in order to provide more
comprehensive data on the PCDD/Fs emission
not only from EAF plants but also steel-making
processes in Vietnam.

4. Conclusion

Emission of PCDD/Fs from EAF plants was
investigated in Vietnam. The results suggested
that PCDD/F emissions from the steel industry
were comparable to those in some countries in
Asia, but higher than those of the industrialized
countries in European Union. On the other
hand, PCDD/Fs emission from the cement kiln
industry was slightly higher than in most of the
referenced countries. Basing on the actual
measurements, the emission factors of
PCDD/Fs in steel industry were estimated to be
between 0.89 and 2.03 ugTEQ per ton product.
This study provides important data to
implement more accurate PCDD/Fs emission
inventory from the industries in Vietnam.
Moreover, with the rapid development of
industries in recent years, there should be
continuous investigations with larger number
of plants.
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Dic diém phat thai Dioxin va Furan tir mot s6 10 luyén thép
ho quang dién & Viét Nam

Nguyén Van Thuong'?, B Quang Huy?, Nguyén Hing Minh

"Trung tam Quan trdc Moi trwong, Tong cuc Méi trirong,
556 Nguyén Van Cu, Long Bién, Ha Noi, Viét Nam
’Khoa Moi truong, Trieong Dai hoc Khoa hoc Ty nhién, PHQGHN, 334 Nguyé~n Trai, Ha Noi, Viét Nam

Tém tit: Polychlorinated dibenzo-p-dioxin va polychlorinated dibenzofurans (PCDD/Fs) phit
sinh tir gia nhiét trong qua trinh san xuét ctia cdc nganh cong nghiép khéc nhau da dugc quan tim dic
biét. Cac mu khi trong dng khéi duoc 1y tir mot s6 16 hd quang dién (EAFs) ¢ Viét Nam dé x4c dinh
nong do, dic trung dong loai va h¢ so phat thai cia PCDD/Fs. Phuong phdp U.S EPA 23 dugc su
dung dé 1y mau khi thai trong ong khéi theo nguyén tac lay miu ding dong lyc. Cdc chat PCDD/Fs
dugc dinh lugng bang thiét bi sic ky khi khdi pho phan giai cao (HRGC/HRMS). Két qua nghién ctru
chi ra rang, nong d khéi lugng va n6éng do TEQ cua PCDD/Fs tuong Umg trong cdc mau khi ong khoi
cua cic 10 EAFs ¢ Viét Nam nam trong khoang tir 0,077 — 2,26 ng/Nm3 va 0,027 — 0,264
ngTEQ/Nm3. Va hé s6 phit thai PCDD/Fs duoc tinh todn nam trong khoang 0,89 — 2, 03 ugTEQ/tAn
san pham He¢ s phat thai PCDD/Fs tu céc 10 EAF ¢ Viét Nam tuong duong voi mot s6 nha miy &
Chau A, nhung cao hon so véi cic quic gla cong nghiép phat trién & Chau Au.

Tir khéa: PCDD/Fs, EAFs, Khi trong 6ng khéi, Hé s phat thai.



