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TOM TAT

PHAN TiCH HAM LUQNG VA PAC TRUNG TiCH LUY CUA CHLORINATED
BENZENES TRONG MAU TRO THU THAP TAI MQT SO CO SO CONG NGHIEP
O VIET NAM

Chlorinated benzenes (CBzs) la nhém chdt hitu co bao gom 12 chat, dwoc hinh thanh khi thay thé 1 dén 6
nguyén tir hydro ciia phin tir benzene bang sé hrong twong g cdc nguyén tir clo. CBzs dwoc coi la cdc
chdt 6 nhiém hitu co khé phdn hity véi nhitng tac dong xdu dén sirc khée méi trirong va con ngueoi. Trong
nghién ciru nay, ham luong cua 7 chat CBzs (bao gém 1,2-DCB, 1,3-DCB, 1,2,4-TCB, 1,2,4,5-TeCB,
1,2,3,4-TeCB, PeCB va HCB) duwrgc xdc dinh trong mdu tro bay va tro xi thu thip tai mét so co s¢ cong
nghiép sw dung nhiét do cao ¢ mién Bdc Viét Nam. Méu tro dwoc chiét Soxhlet véi hén hop dung moi
acetone/hexane (1:1). Dich chiét dwrgc cé ddc va chuyén vao dung méi hexane, sau dé dwoc xir Iy véi acid
sulfuric ddc, bét dong kim logi va cét sdc ky da 6p silica gel. CBzs dwoc tich va phdn tich trén hé thong
sdc ky khi ghép néi detector khoi phé (GC/MS) ¢ ché do ion héa va dép electron va quan sdt chon loc
ion. Ham liwong ciia STCBzZS trong cdc mau tro giam theo thir tw sau: 16 dot rdc thai > nha mdy luyén kim
> nha may san xudt gach. Ham leong CBzs trong madu tro bay nhin chung cao hon so véi cdc mau tro xi,
phan anh sy hinh thanh CBzs trong diéu kién xuc tac o nhiét do thd'p sau khu vuc thiéu dot. Dac trung
tich lity ciia CBzs ¢6 sw dao dong lom giita cdc loai mau, cdc co sé cong nghiép va tham chi giita cac
ngdy ldy mau khéc nhau cia cing mét co s, cho thdy co ché hinh thanh va cdc yéu t6 anh hwdng phire
tap. Cdc nghién ciru tong thé vé mirc do 6 nhiém va dac trung tich lily ciia CBzs trong nguén phat thdi va
moi truong tié}? nhan o Viét Nam can tié}? tuc duoc thuc hién.

Tir khéa: Chlorinated benzenes, tro bay, tro xi, qud trinh cong nghiép nhiét do cao, Viét Nam.

1. INTRODUCTION as 1, 3, 3, 3, 1, and 1, respectively [3]. CBzs
were produced for multiple applications such as
solvents, intermediates, dye carriers, industrial
fluids, pesticides, etc. Besides, CBzs are also
unintentionally formed as impurities in
chlorinated chemicals and during thermal
processes such as waste incineration and biomass

Chlorinated benzenes (CBzs) comprise 12
congeners, which contain one to six chlorine
atoms attached to the benzene ring. There are six
homologs, including mono-, di-, tri-, tetra-,
penta-, and hexa-CB with numbers of congeners
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combustion [1,2]. These compounds have
relatively high boiling points and n-octanol/air
partition coefficients, resulting in particle/air
distribution characteristics and bioaccumulation
potentials [9]. The boiling points of CBzs
increase with molecular weights, while water
solubility decreases with molecular weights. Due
to evaporation potentials and hydrophobic
properties, CBzs can be subjected to long-range
transport and accumulation in organic-rich
media.  Hexachlorobenzene  (HCB) and
pentachlorobenzene (PeCB) have been classified
as persistent organic pollutants (POPs) under the
Stockholm Convention. Accordingly, these two
compounds are originated from both agricultural,
industrial, and unintentional sources.

In Vietnam, CBzs (notably HCB) have been
detected in environmental and biota samples
(e.g., soil, sediment, biota, human breast milk)
from Vietnam since the late 1980s, reflecting the
use of organochlorine pesticides [7,8,10,13].
HCB and PeCB were found in flue gas, fly ash,
bottom ash, and soil samples collected from
some industrial facilities in northern Vietnam,
suggesting their industrial emission sources
[4,15]. However, a comprehensive and
continuous monitoring dataset about CBzs in this
country is still lacking, especially for congeners
other than HCB.

In this study, concentrations of CBzs at different
chlorination degrees were determined in bottom ash
and fly ash samples obtained from various
industrial sectors such as brick making, metallurgy,
and waste incineration in northern Vietnam. The
analytical results will provide updated information
about the residual levels and accumulation profiles
of multiple CBz congeners in solid waste generated
from Vietnamese industrial facilities.

2. METHODS
2.1. Sample collection

The bottom ash (BA) and fly ash (FA) samples
were collected during 2017 and 2019 from
various industrial facilities including brick
making plant (BR), metallurgy plants (ML),
incinerators for municipal waste (MU), medical
waste (ME), and industrial waste (IN). These
facilities are located in northern cities and
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provinces in Vietnam such as Hanoi (HN), Hai
Phong (HP), Hai Duong (HD), and Thai Nguyen
(TN). Detailed numbers of ash samples are
presented in Table 1. A total of 57 samples,
including 33 bottom ash samples and 24 fly ash
samples, were collected.

Table 1: Ash samples analyzed in this study

Category | Location |Bottom ash| Fly ash
BR TN 2 0
ML TN 3 6
MU TN 4 1
MU HP 6 6
ME HP 9 10
IN TN 1 0
IN HP 5 0
IN HD 3 0
IN HN 0 1

2.2. Chemical analysis

The analytical procedure generally followed

Method 8212 (Chlorinated hydrocarbons by gas
chromatography: capillary column technique) by
US Environmental Protection Agency. The samples
were homogenized by passing through 1-mm sieve.
After spiking with surrogate standard (13C12-PCB-
209), about 10 g sample was Soxhlet extracted with
450 mL acetone/hexane (1:1) for 16 h. The extract
was then concentrated and solvent-exchanged into
hexane. Extract clean-up was performed by
concentrated sulfuric acid treatment (to remove
most nonpersistent interferences), acid-washed
copper treatment (to remove elemental sulfur), and
multilayer silica gel column (for additional clean-up
and fractionation). The eluate was concentrated and
spiked with pentachloronitrobenzene (PeCNB) as
internal standard before quantification analysis.

2.3. Instrumental analysis
Seven CBz congeners, including 1,2-dichloro

(1,2-DCB), 1,3-dichloro (1,3-DCB), 1,24-
trichloro (1,2,4-TCB), 1,2,3,4-tetrachloro
(1,2,3,4-TeCB), 1,2,4,5-tetrachloro  (1,2,4,5-

TeCB), pentachloro (PeCB), and hexachloro
(HCB) benzenes, were analyzed by using a
6890N gas chromatograph with 5973N mass
spectrometer with a DB-5 column (30 m x 0.25
mm x 0.25 um) (Agilent Technologies). Oven
temperature program was initially set at 50 °C,
increased to 120 °C (7 °C/min, hold 2 min), and
to 280 °C (10 °C/min, hold 5 min). Temperature



of injection port, interface, and ion source was
220, 280, and 230 °C, respectively. The samples
were injected to the GC/MS system with splitless
mode and injection volume of 1 uL. The MS was
operated at positive electron impact ionization
mode and selected ion monitoring mode.

3. RESULTS AND DISCUSSION
3.1. Concentrations of CBzs in fly ash

CBzs were detected in all fly ash samples of this
study at concentrations ranging from 6.98 to 404
(mean 101) ng/g (Fig. 1). The highest level was
found in a sample collected from an industrial
waste incinerator, while the lowest levels were
measured in a medical waste incinerator. In general,
average CBz concentrations decreased in the order:
IN (404), MU (183; 59.1-391), ML (92.2; 24.2—
234), and ME (19.2; 6.98-34.4) ng/g. Among
CBzs, average concentrations in fly ash samples
decreased in the order: HCB (29.6; 0.565-267);
1,2,4-TCB (19.2; 0.130-138); 1,2,4,5-TeCB (19.0;
not detected—280); PeCB (14.7; not detected—66.2);
1,2,3,4-TeCB (9.94; not detected-48.4); 1,3-DCB
(6.74; not detected-86.4); 1,2-DCB (1.96; not
detected-9.74) ng/g. Elevated levels of tri- and
tetra-chlorinated congeners suggest the need for full
congener analysis of CBzs.
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Fig. 1: Concentrations of 27CBzs in fly ash
samples of this study
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Levels of CBzs in our fly ash samples were
comparable to the range reported for municipal
waste incinerators in China (6.74-358 ng/g) [6],
but still lower than those measured in municipal
waste incinerators in Japan (870-1900 ng/g)
[14]. Concentrations of CBzs in Vietnamese ash
samples were generally higher than those of
polychlorinated  dibenzo-p-dioxins  (PCDDs:
mean 3.76; range 0.0006-12.4 ng/g) and
polychlorinated dibenzofurans (PCDFs: mean
10.8; range 0.0001-40.3 ng/g) [12], but much
lower than levels of polycyclic aromatic
hydrocarbons (PAHSs: 215000; 430-785000 ng/qg)
[11]. Concentration ranges of HCB (0.56-266
ng/g) and PeCB (0.01-66.2 ng/g) in our fly ash
samples were also higher than levels of HCB
(0.05-18.4 ng/g) and PeCB (0.18-15.5 ng/g)
found in soil samples collected around industrial
facilities in Vietnam [4].

3.2. Concentrations of CBzs in bottom ash

CBzs were detected in all bottom ash samples of
this study at concentrations ranging from 1.53 to
125 (mean 26.1) ng/g (Fig. 2).
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Fig. 2: Concentrations of 27CBzs in bottom
samples of this study



These levels were markedly lower than those
measured in the fly ash samples, partially indicating
the low-temperature catalytic formation of these
pollutants in post-combustion zone [6,14]. The
highest levels were found in some samples
collected from a metallurgy plant (119 ng/g) and an
industrial waste incinerator (124-125 ng/g), while
the lowest levels were observed in a medical waste
incinerator. In general, average CBz concentrations
decreased in the order: ML (55.0; 1.99-119), IN
(43.4; 2.38-125), MU (26.4; 14.5-52.5), BR (10.6;
5.17-16.0), and ME (2.32; 1.53-5.98) ng/g. Among
CBzs, average concentrations in bottom ash
samples decreased in the order: HCB (5.62; not
detected—29.2); 1,2-DCB (4.85; not detected—44.3);
1,2,3,4-TeCB (4.67; not detected-45.8); PeCB
(2.92; not detected-35.6); 1,2-DCB (2.69; not
detected-48.4); 1,3-DCB (6.74; not detected-86.4);
1,2-DCB (1.96; not detected-9.74) ng/g.

Levels of CBzs in our bottom ash samples were
exceeded the range documented for municipal
waste incinerators in China (2.23-2.99 ng/g) [6].
CBzs concentrations in Vietnamese ash samples
(1.53-125 ng/g) were markedly higher than those
of PCDDs (mean 0.21; range 0.0005-1.04 ng/g)
and PCDFs (mean 0.47; range 0.0001-2.77 ng/qg)
[12], but much lower than levels of PAHs (mean
2380; range 52-6040 ng/g) [11]. Concentration
ranges of HCB (0.01-29.2 ng/g) and PeCB (0.01-
35.6 ng/g) in our bottom ash samples were
comparable to or generally greater than levels of
HCB (0.05-18.4 ng/g) and PeCB (0.18-15.5 ng/g)
found in soil samples collected around industrial
facilities in Vietnam [4].

3.3. Profiles of CBzs in ash

Accumulation profiles of CBzs in fly ash and
bottom ash samples of this study are presented in
Fig. 3. In general, CBzs patterns varied greatly
between sample types (fly ash and bottom ash),
categories (brick, metallurgy, and incinerator), and
facilities. HCB was major compound detected in
both bottom ash and fly ash from a municipal waste
incinerator in Hai Phong, accounting for 40% to
60% of £7CBzs. Meanwhile, PeCB was important
contributor to £7CBzs in Hai Phong medical waste
incinerator fly ash (60%) and Hai Duong industrial
waste incinerator bottom ash (25%). Elevated
proportions of some di- to tetra-CBzs were found in

Thai Nguyen brick bottom ash (1,3-DCB 50%),
Thai Nguyen industrial bottom ash (1,3-DCB
50%), Thai Nguyen municipal fly ash (1,3-DCB
35%), Thai Nguyen metallurgy fly ash (1,2,4-TCB
50%), Hai Phong industrial waste incinerator
bottom ash (1,2,3,4-TeCB 55%), Hanoi industrial
waste incinerator fly ash (1,2,4,5-TeCB 70%), Hai
Phong medical bottom ash (1,2,4,5-TeCB 33%).
Complicated accumulation profiles of CBzs in our
ash samples suggest that these compounds have
been produced under different formation pathways
and influencing factors (e.g., compositions of input
materials, temperatures, combustion/production
technologies, and types of pollution control
devices).
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Fig. 3: Profiles of 27CBzs in fly and bottom ash
samples of this study
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Fig. 4: Correlation analysis of CBzs in fly and
bottom ash samples of this study

Pearson correlation analysis was applied to the
whole dataset to estimate potential relationship
between CBzs (Fig. 4). The statistical results
indicated moderate correlations between 1,3-
DCB and 1,2,4,5-TeCB (r = 0.775), between
1,24-TCB and 1,2,34-TeCB (r = 0.740),
between PeCB and HCB (r = 0.648) (p < 0.05).
Meanwhile, insignificant correlations were found
for the remaining compound pairs (r < 0.5). The
correlations between some compounds suggest
the similarity in formation pathways, origins, or
behaviors. Hue and Nguyen (2021) also reported
significant correlations between PeCB and HCB
in fly ash (R? = 0.7747) and bottom ash (R? =
0.5423) samples collected from multiple
industrial sectors in northern Vietnam [5].
Dechlorination process of highly chlorinated
CBzs (notably HCB) has also been considered as
potential formation pathway of lower chlorinated
congeners [1,2].
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4. CONCLUSIONS

A CBzs of different chlorination degrees were
measured in fly ash and bottom ash samples
collected from wvarious industrial sectors in
northern Vietnam, providing updated
information about this pollutant class. Levels of
CBzs were generally higher in fly ash than in
bottom ash, but accumulation profiles did not
exhibit clear trends between ash types. Elevated
CBz concentrations were found in some
metallurgy plants, municipal waste incinerators,
and industrial waste incinerator. Levels of CBzs
in Vietnamese ash samples were comparable to
or lower than those found in other countries like
China and Japan. Correlations were found
between some compound pairs (e.g., 1,3-
DCB/1,2,45-TeCB; 1,2,4-TCB/1,2,3,4-TeCB;
PeCB/HCB), suggesting similar formation
pathways or effects of dichlorination processes.
More comprehensive studies should be
conducted for CBzs, for example, development
of analytical methods for full congener analysis
of CBzs in both waste and environmental
samples, evaluation of CBz emissions from
multiple industrial sectors and informal waste
processing sites in different areas along the
country, and assessment of CBzs in Vietnamese
environment (e.g., air, soil, dust, water, sediment,
biota) and their impacts on environmental and
human health.
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