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INTRODUCTION

Pentachlorobenzene (PeCB) is a kind of unintentional
persistent organic pollutants (UPOPs). The threats of this
compound to human and the environment have received much
worldwide attention due to its toxicity for animals1-3, persis-
tence in the environment4,5 and bioaccumulation in animal and
human bodies6,7. As a result, the Stockholm Convention on
persistent organic pollutants was adopted in May 2001 and
came into effect in May 2004. This convention aims to control
and reduce further environmental exposure of unintentional
persistent organic pollutants at local and global levels. For
example, the Stockholm Convention states that inventories of
unintentional persistent organic pollutants release have to be
established and maintained as evidence protection against
unintentional persistent organic pollutants.

Pentachlorobenzene is not known to have any commercial
use at present15. In the past, pentachlorobenzene was one compo-
nents of a chlorobenzenes mixture used to reduce the viscosity
of pentachlorobenzene products and employed for heat
transfer8,9, carriers in the dye process10 and as a fungicide11,
one of degradation products from quintozene (pentachloro-
nitrobenzene). On the other hand, many studies have shown
that pentachloro-benzene is formed in thermal processes12,13.
Now a days, pentachlorobenzene is emitted into the environ-
ment firstly through incinerator waste (waste ash, dust and
cinder) and municipal waste and secondly through the waste
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stream during the processes of pulp and steel or iron powder
production, oil additives and active sludge of wastewater
treatment equipment. According to statistics, there are three
biggest sources of pentachlorobenzene emission into the
environment, which are related to the burning processes of
biomass (45,000 kg y-1), solid waste (31,600 kg y-1) and coal
(11,000 kg y-1)12. Pentachlorobenzene is formed from uncon-
trollable combustion processes according to one of three
mechanisms as follows: (1) incompletely destroying the burned
materials and the existing dioxin and furan in them; (2) formed
from metabolism of compounds called precursor substances
of dioxin and furan; and (3) created by the carbon particles
and inorganic compounds containing chlorine in low-tempe-
rature regions (Denovo synthesis)14. However, the amount of
pentachloro-benzene emission in the combustion process much
depends on the combustion conditions and the presence (or
not) of catalytic materials. For example, the total amount of
chlorobenzenes in the liquefied layer of solid waste incinerators
is 20 times higher than in the metal accumulation in the sand15.
It is estimated that annual pentachlorobenzene emission from
waste incinerators16-18 is about 24-70 kg. In Vietnam, most
burners have maximum temperature ranged from 600 to 1200 °C
and have gas collecting systems. Nevertheless, pentachloro-
benzene is still contained in the waste products, such as cinder
and residue ash, due to its unintentional formation during the
combustion. Mean weight of burned waste in each burner is
approximate 1,500 kg h-1 and mean weight of cinder and
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residue ash after combustion process are approximate 3,000
kg day-1 and 2,000 kg day-1, respectively19.

The objective of this study is to present the results of a
preliminary investigation on pentachlorobenzene amounts
from burners at some provinces in Northern Vietnam. Another
objective is to describe and discuss the pentachlorobenzene
amounts profiles, which may provide useful information for
establishing pentachlorobenzene inventories for municipal
waste incinerator and industrial furnace.

EXPERIMENTAL

In this study, residue ash and cinder samples were collected
from five municipal waste incinerators and three industrial
furnaces at four provinces (Hai Duong, Hanoi, Bac Ninh and
Thai Nguyen) in Northern Vietnam.

The notations of WI and IF are used for municipal waste
incinerator and industrial furnace, respectively. HD1-3, HN
and BN are named for sampling sites of municipal waste
incinerators from Hai Duong, Hanoi and Bac Ninh, respec-
tively, while TN1-3 is named for sampling sites of  industrial
furnaces from Thai Nguyen.

Sample extraction and analysis: About 10 g of residue
ash or cinder samples were taken for analyzing penta-
chlorobenzene. The analytical procedure employed was in
accordance with US EPA method 8121, in which samples were
extracted by soxhlet system with 450 mL of a mixed solvent
of hexane and acetone (1:1, v/v) in 16 h. The extracted solution
was concentrated up to 1 mL and cleaned up with both copper
powder and a silica gel column containing 10 % (w/w) acti-
vated coal.

Pentachlorobenzene was determined by gas chromato-
graphy electron capture detector (GC ECD). The details of
GC ECD conditions were as follows: Model: Shimadzu GC
ECD 2010; column: SPB-608TM (30 m length × 0.25 mm
diameter × 0.25 µm film thickness); column temperature:
150 °C (isothermal 5 min) to 290 °C (isothermal 8 min), progra-
mmed at 8 °C/min; detector temperature: 300 °C; limit of
detection: 0.5 µg kg-1; recoveries of spiked 100 µg g-1 PCB
209 (Decachlorobiphenyl) in residue ash and cinder for overall
analytical procedure were about 81.5 and 90 % at the
minimum, respectively.

RESULTS AND DISCUSSION

Amount of pentachlorobenzene in ash samples taken
from waste incinerators and industrial furnaces in Northern
Vietnam: All samples collected from the incinerators and
furnaces at the provinces were analyzed and the results are
presented in Table-1. The amounts of pentachlorobenzene were
from 0.0013 to 0.0325 mg kg-1 and from 0.0016 to 0.0390 mg
kg-1 for residue ash and cinder samples, respectively.

Table-1 shows that the highest pentachlorobenzene
amount in the residue ash was 0.0325 mg kg-1 at HN and the
lowest: 0.0013 mg kg-1 at TN3. For the residue ash of the
furnaces, the range of pentachlorobenzene amounts is low,
from 0.0013 to 0.0062 mg kg-1, while the range of the penta-
chlorobenzene amount in the incinerators is high, from 0.0070
to 0.0325 mg kg-1. The pentachlorobenzene content in the
residue ash of the industrial furnaces is lower than that in the
residual ash from two metal scrap dismantling plants in China
(0.0107 and 0.0509 mg kg-1), but the pentachlorobenzene
content in the municipal waste incinerator ash is at the same
level with these plants13. For the cinder, the amount of penta-
chlorobenzene is highest (0.039 mg kg-1) at HD2 and lowest
(0.0016 mg kg-1) at TN1 and TN2. Similarly, the penta-
chlorobenzene amount range in cinder of the industrial
furnaces is low (0.0016-0.0017 mg kg-1), while that of the
municipal incinerators is high (0.0016-0.0390 mg kg-1). All
burned materials in all burners investigated in this study do
not contain pentachlorobenzene. Therefore, the pentachloro-
benzene created in both residue ash and cinder as a relation
with the combustion conditions and/or the metallic catalyst
existed in the materials15,20.

Total amount of pentachlorobenzene created from
burners at some provinces in Northern Vietnam in 2014:
The pentachlorobenzene is known as a toxic compound having
the long half-life and high toxicity21 and the essential way of
pentachlorobenzene formation is unintentionally created
during the combustion process of biomass, solid waste and
other materials12. However, not many studies have reported
the pentachlorobenzene amount in burners, although the
sources and environmental concentrations of pentachloro-
benzene have been attracting wide attention because of its

TABLE-1 
AMOUNTS OF PENTACHLOROBENZENE IN SAMPLES COLLECTED IN WASTE INCINERATORS AND INDUSTRIAL  

FURNACES AT SOME PROVINCES IN NORTHERN VIETNAM (STUDIED FROM 2012 TO 2014 (mg kg-1)) 

Sampling 
site 

Type of 
burner 

Province 
2012 2013 2014 

Residue ash Cinder Residue ash Cinder Residue ash Cinder 
HD1 WI Hai Duong ND ND 0.0160 0.0273 ND 0.0020 
HD2 WI Hai Duong 0.0270 0.0390 0.0310 0.0025 ND ND 
HD3 WI Hai Duong ND ND ND ND 0.0070 0.0026 
HN WI Hanoi NA NA 0.0325 ND 0.0323 0.0016 
BN WI Bac Ninh NA NA NA NA 0.0225 0.0240 
TN1 IF Thai Nguyen NA NA NA NA 0.0030 0.0016 
TN2 IF Thai Nguyen NA NA NA NA 0.0062 0.0016 
TN3 IF Thai Nguyen NA NA NA NA 0.0013 0.0017 
Total HD   0.0270 0.0390 0.0470 0.0298 0.0070 0.0046 
Total HN   - - - - 0.0323 0.0016 
Total BN   - - - - 0.0225 0.0240 
Total TN   - - - - 0.0105 0.0049 

ND -Not detected, NA- Not analyzed 
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inclusion into the Stockholm Convention. In this study, the
pentachlorobenzene amount created in Hai Duong, Hanoi, Bac
Ninh and Thai Nguyen provinces in Northern Vietnam was
preliminarily studied in early 2014. The amount of penta-
chlorobenzene created in each province was calculated, based
on pentachlorobenzene in residue ash and cinder of all burners
in this province. Fig. 1 shows that the pentachlorobenzene
amounts of the residue ash and the cinder in these provinces
range from 0.0070 to 0.0323 mg kg-1 and from 0.0016 to
0.0240 mg kg-1, respectively. The highest pentachlorobenzene
amounts were 0.0323 mg kg-1 for the residue ash of Hanoi
and 0.0240 mg kg-1 for the cinder of Bac Ninh. In contrary,
the pentachlorobenzene amounts  in the residue ash and the
cinder were lowest for Hai Duong (0.0070 mg kg-1) and Hanoi
(0.0016 mg kg-1), respectively.
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Fig. 1. Total amount of pentachlorobenzene created from waste incinerators
and industrial furnaces at some provinces in Northern Vietnam
(studied in 2014)

Estimate amount of pentachlorobenzene from muni-
cipal waste incinerators in Hai Duong from 2012 to 2014:
An initial estimation of pentachlorobenzene amount in
municipal waste incinerators in Hai Duong province in the
period from 2012 to 2014 is studied. Similar to the total penta-
chlorobenzene investigation in other provinces in Northern
Vietnam, the pentachlorobenzene in the residue ash created
from municipal waste incinerators in Hai Duong for 1 year
was calculated for the residues ash and cinder samples from
all incinerators in this year. A pentachlorobenzene amount
change between years is shown in Fig. 2. The total amount of
pentachlorobenzene of all municipal waste incinerators varies
from 0.0070 to 0.0470 mg kg-1 and from 0.0046 to 0.0390 mg
kg-1 for the residue ash and the cinder, respectively. Accor-
dingly to the result of this study, the pentachlorobenzene
amount was highest in 2013 (0.0470 mg kg-1) for the residue
ash and in 2012 (0.0390 mg kg-1) for the cinder. On the contrary,
pentachlorobenzene amount was lowest in 2014 for the residue
ash (0.0070 mg kg-1) and the cinder (0.0046 mg kg-1).

A relation of pentachlorobenzene amounts in residue
ash and cinder of burners: The results in Table-1 show that
the pentachlorobenzene amounts were different between
residue ash and cinder. The higher pentachlorobenzene in the
residue ash, the lower pentachlorobenzene in the cinder and
vice versa. These results are the similar to those of PCDDs/Fs
and PCBs found in fly ash and cinders at nine municipal waste
incinerators in Japan22. It is suggested that operating conditions
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Fig 2. Total amount of pentachlorobenzene of waste incinerators in Hai
Duong (studied from 2012 to 2014)

(temperature, oxygen) of burner and/or the presence of metallic
catalysts in burned materials may cause the reversible existence
of pentachlorobenzene (or POPs) amount between residue ash
or cinder15,20.

Conclusion

The pentachlorobenzene amounts from the residue ash
and cinder at burners in Northern Vietnam were quantified.
The preliminary investigation results on pentachlorobenzene
of this study showed that the pentachlorobenzene content of
the residue ash and cinder in municipal waste incinerators is
higher than that in industrial furnaces. The pentachlorobenzene
in the burners may be created depending on the combustion
conditions and catalytic materials. As found in this study, there
is a significant difference in pentachlorobenzene amounts
between residue ash and cinder. Further investigations on the
formation of pentachlorobenzene from burners in Vietnam
would be required to prepare a comprehensive pentachloro-
benzene inventory for Vietnam in support to the environmental
management.
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