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Abstract—An evaluation of the PCBs residues in the surface
soils from Bacninh, Vietnam was carried out. Sixty representative
soil samples were collected from the centre of Bacninh and three
surrounding districts. The analyzed results indicated the wide extent
of contamination of total PCBs in Bacninh. In industrial and urban
zones, total PCBs concentrations ranged from ranged from <0.02 to
32.68ng g (mean 19.89 +15.64ng g) dry weight, while those in
agricultural zones ranged from <0.02 to 13.26ng g (mean 8.14 +
4.89ng g') dry weight. The mean percentages of PCB28, PCB52,
PCB101, PCB138, PCB153 and PCB180 compared with Z6PCBs in
the analyzed soil samples are 3.1%, 13.9%, 21.7%, 30.7%, 25.8%
and 4.8%, respectively. These values can be explained by the
chemical properties as well as the compositions of PCBs mixture
which probably escaped from dielectric oil. An increasing trend and
the long-time release of PCBs are observed.
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I. INTRODUCTION

OLYCHLORINATED Biphenyls (PCBs) are industrial

products which constitute a global environmental health
hazard of a solely anthropogenic origin. Theoretically, there
are 209 PCB isomers and congeners with one to ten chlorine
atoms attached to the biphenyl molecule. They are very
resistant to decomposition and have an excellent insulating
property as well as a high heat capacity. Their properties have
led to many industrial applications but also make PCBs a
major environmental pollutant. Studies in humans provide
supporting evidence for potential carcinogenic and non
carcinogenic effects of PCBs (neurological, immune,
endocrine and reproductive effects). The most serious cases of
PCB effects on human health were the accidental leakages of
PCBs containing industrial fluids into rice oils that resulted in
the exposure of several thousand individuals in two separate
incidents, one in northern Kyushu Island in Japan in 1986
(Yusho) and the other in Tai Chung in central Taiwan in 1979
(Yu-Cheng).

PCBs have never been manufactured in Vietnam. PCBs
were imported into Vietnam as industrial fluids such as
hydraulic and heat transfer fluids, in gas turbines; as
lubricating oils; and as plasticizers. There is no official
information on the first import of PCBs into Vietnam but it
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was probably sometime around 1950. They have been mainly
used as dielectric oil in transformers and in capacitors.
Bacninh province, located in the Red River delta, is a typical
centre of industrial, agricultural and traditional village in Viet
Nam. Bacninh is composed of the city and 3 three surrounding
districts including TuSon, TienDu and YenPhong with many
factories and urban zones. One recent research has been
conducted in order to determine the concentrations of PCBs in
street dust from Bacninh [7]. According to that research, PCBs
were detected in all dust samples and thus, clearly indicated
their long-term usage in this province. However, to our
knowledge, little data is available concerning PCB
contamination in the surface soils of Bacninh. The present
study aims to fill this gap by assessing the contamination of
PCBs in the surface soil of Bacninh.

II. MATERIALS AND METHODS

The sampling was carried out in February 2012, during the
dry season. The sampling locations were chosen at random
with an attempt to get them evenly distributed over selected
region of Bacninh (approximately 800km?® Fig. 1). Sixty
samples from the upper Scm of the soil were collected from
industrial, agricultural, and urban zones in Bacninh City, as
well as from three surrounding districts (TuSon, TienDu and
YenPhong).
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Fig. 1 Map of the study area

Each sample was a mixture of five sub-samples (four in the
corners of a rectangle and one in the crossing point of two
diagonals). The samples were taken with solvent-rinsed
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stainless steel scoops from the upper Scm of the soil and then
transferred to pre-cleaned polyethylene bags.

In short, about 20 grams of soil sample was wetted with
distilled water and then extracted 3 times in a separator funnel,
each time with 100ml acetone for 30 minutes. 100ml distilled
water were added to the acetone extract and the resulting
solution was extracted again 3 times, each time with 100ml n-
hexane for 30 minutes. After that, the n-hexane extract was
combined, dried by passing through anhydrous sodium
sulphate and concentrated to around 5ml. The concentrated
extract was filtered through 8 grams of activated Florisil
packed in a glass column, which was then eluted by 45ml of n-
hexane. The resulting solution was de-sulphurated using
activated copper chips and finally treated with concentrated
sulphuric acid. Final extracts were concentrated to Sml using a
rotary vacuum evaporator and then to around 300ul under a
gentle stream of purified nitrogen. All chemicals used were of
analytical grade purchased from Fluka Chemical Co.,
Switzerland. The samples were analyzed with the gas
chromatograph (Varian Star 3400Cx) equipped with SPB-5
column (30m length x 0.32 i.d. mm x 0.25um film thickness,
Supelco, Darmstadt, Germany), mass spectrometer (Varian
Saturn 2000) and autosampler (Varian 8200Cx). The mixture
of Aroclor (Aroclorl016, Aroclor1232, Aroclor1248 and
Aroclor 1260) and the mixture of six selected PCB congeners
were used as external standards to determine the concentration
of total PCB and X6PCB, respectively. These mixtures were
purchased from Fluka Chemical Co. (Switzerland) and
Supelco Chemical Co. (Germany). PCB recoveries were
examined by using fortified soil samples from Bacninh which
had been prepared according to the method of Aydin et al. [2],
[5]. The fortified soil samples were spiked with 40ng g dry
weight of each of the six selected PCB. The recoveries ranged
from 90 - 96%. The method detection limits were calculated
from real soil samples as being 3 times the signal/noise ratio
and were 0.02ng g" dry weight for each PCB. One blank
sample was run for every set of five soil samples to check for
secondary contamination. The PCB concentrations were not
corrected for recoveries. Duplicates of soil samples were
performed and relative standard deviations were less than
15%. All concentrations were calculated with respect to dry
weight.

III. RESULTS AND DISCUSSION

The PCBs concentrations in the collected soil samples from
Bacninh province are all shown in Tables I and II. The total
PCBs concentrations in industrial and urban areas ranged from
<0.02 to 32.68ng g™ (mean 19.89 £15.64ng g™). It is observed
that the highest value corresponded with site in the centre of
Bacninh city (32.68ng g'), which is located in a densely
populated Bacninh downtown area. Close to this site, there are
several small old transformers and the area is also influenced
by heavy traffic. The other significant levels of total PCBs
were found at sampling sites close to industrial parks in the
TuSon and TienDu district which have concentrations are
29.12ng g and 32.47ng g™, respectively (Table I).

TABLEI
PCBS CONCENTRATIONS (NG/G DRY WEIGHT) IN THE SURFACE SOIL OF
INDUSTRAL AND URBAN ZONES FROM BACNINH

Industrial and Urban zones

Number of soil

Location D
samples Z6PCBs @ Total PCBs
- <0.02-3.34 <0.02-29.12
TuSon district 10 (2.19)© (19.07)
. - 2.07-4.38 15.38 - 32.47
TienDu district 10 (3.19) (23.74)
. . <0.02 - 4.08 <0.02 - 32.68
Bacninh City 10 (2.73) (21.87)
YenPhong 10 <0.02 -2.67 <0.02-18.44
district (1.34) (9.22)

(a) Z6PCBs — sum of six selected PCB congeners; (b) Total PCB — sum of
all PCB isomers and congeners in soil sample; (¢) min — max (mean) value

TABLEII
PCBS CONCENTRATIONS (NG/G DRY WEIGHT) IN THE SURFACE SOIL OF
AGRICULTURAL ZONES FROM BACNINH

Number of soil Agricultural zones

Location samples Z6PCBs Total PCBs
TuSon district 5 0'9(3;)_921)'53 <0.(é—191)3‘26
TienDu disric 5 02145 001082
Bacninh City 5 002162 0021253

YenPhong 5 <0.02-147  <0.02-10.57

district (0.66) (4.32)

(a) X6PCBs — sum of six selected PCB congeners; (b) Total PCB — sum of
all PCB isomers and congeners in soil sample; (¢) min — max (mean) value

Due to the historical use of PCBs in Vietnam, its main
source of contamination in industrial and urban areas could
originate from the dielectric oil used in old hanging
transformers and capacitors which were widely used in
Bacninh province. From these installations, PCBs could have
penetrated into the environment by mechanical damage,
electrical accidents and fire. During the retro-filling of
dielectric oil containing PCBs, there is a risk of PCBs escaping
into the environment.

At present, there is no Vietnamese standard on the
maximum allowable concentration of total PCBs in surface
soil, nor is there official quantitative information on the
cumulative use of PCBs in Bacninh. The management of old
hanging transformers and capacitors in the Bacninh province
belong to Electricity of Vietnam and the surveys of possible
PCBs concentrations from those equipments is only allowed
with official environmental agency. Because these results are
not published, it is impossible to calculate PCBs quantity used
in Bacninh. It has been reported that the total amount of
dielectric oil contaminated with PCBs in the entire country is
approximately 19000 tonnes, mainly from old transformers
[6]. This clearly indicates a huge contaminative source of
PCBs. According to the survey carried out by Electricity of
Vietnam [3], insulating oils in the transformers installed on the
electric grid in Northern provinces of Vietnam were selected
for analysis with regards to PCBs and some types of those oils
are supplied with non PCBs labels but their PCBs levels still
exceed standards. Therefore, it is not sure that insulating oils
which were imported into Vietnam are free from PCBs in any
case. This could account for PCBs contamination in the
environment in Vietnam. The other possible source of PCBs in
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Bacninh could be from traffic-related activities. PCBs could be
used as one component of lubricating oils of motor vehicles
[9]. With regard to the soil samples from agriculture areas,
total PCBs concentrations ranged from <0.02 to 13.26ng g
(mean: 8.14 + 4.89ng g™). These sites are not far from densely
populated villages as well as the urban zones of 3 surrounding
districts. Therefore, total PCBs were probably deposited into
the agriculture sites by atmospheric transport from industrial
and urban areas. In general, the total PCBs concentrations
were highest in industrial soil samples, followed by those in
urban soils and in agricultural soil. This also applies for the
usage of PCBs in Vietnam.

When compared with some regions in the world, the
concentrations of Z6PCBs in soil samples from Bacninh are
comparable to those in soil samples of the Moscow region (2.0
— 34ng g'l), but higher than in the mineral topsoil of mainly
rural areas in the United Kingdom and in Switzerland (3.5 —
17ng g") and in remote areas in Germany (0.9 - 4.8ng g) [1]-
[10]. The comparison of total PCBs concentration with those
described in other studies was not possible due to the
difference in the PCB standards used for quantification.

Concerning the composition analyses, PCBs congeners
could be detected from tri-CB to octa-CB in the collected soil
samples. The mean percentages of 6 selected PCB congeners
in the analyzed soil samples from Bacninh and Bacninh
followed the order PCB138 > PCB153 > PCB101 > PCB52 >
PCB180 > PCB28 (Fig. 2). This order can be explained by the
fact that lightly chlorinated PCBs are less persistent, have
lower log K, and are more volatile than heavily chlorinated
PCBs. Therefore, heavily chlorinated PCBs are more
accumulative in the soil, whereas lightly chlorinated PCBs are
degraded and volatilized faster than the other PCBs. Another
explanation could be related to the composition of PCBs
mixtures which probably escaped from dielectric oil.
According to Electricity of Vietnam, up to April 1998, 48.3%
of the total quantity of dielectric oils was imported from the
Soviet Union.
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Fig. 2 Mean percentages of PCB isomers in soil samples

Japan and China contributed with much smaller percentages
which are 7.5% and 3.6%, respectively. It has been reported

that there are 2 typical models of Chinese commercial PCBs
and their principal technical formulations are similar to
Aroclor 1242 and Aroclor 1254 [4]. Regarding the
composition of PCBs congeners in imported dielectric oil, the
percentages of PCBI138, PCB153, PCB101 in Sovol and
Aroclor 1254 are significantly higher than the others, while the
percentages of PCB28 and PCBS52 are predominant in
Aroclor1242, KC300 and KC400. Here, the mean percentages
of PCB28, PCB52, PCBI101, PCB138, PCB153 and PCB180
compared with X6PCBs in the analyzed soil samples are 3.1%,
13.9%, 21.7%, 30.7%, 25.8% and 4.8%, respectively. It is also
evident that the predominance of heavily chlorinated PCBs,
PCB138 and PCB153, are still remained when they penetrated
the soil from Bacninh. In general, low percentages of lightly
chlorinated PCBs and a high percentage of heavily chlorinated
PCBs in the analysed soil samples reflect their long-time
release. The statistic coefficient between concentrations of
¥6PCBs and total PCBs in this study are 5.31 (n=60 soil
samples; R?=0.95). It is the preliminary result and could be
used for assessing the relation between the level of 6 PCBs
indicators and total PCBs in the soil environment of Bacninh.

With regards to XPCB concentrations in soil samples from
Bacninh reported in the other studies, the temporal trend of
PCB levels could be shown. It was reported that the mean
YPCB concentration in soil samples from Bacninh in 1993, in
2000 and in 2012 (60 soil samples) range from <0.02 to 22.14
ng g, from <0.02 to 26.43ng g and from <0.02 to 32.68ng g
! respectively ([7], [8], this study). An increasing trend for
YPCB concentration can clearly be seen, which is further
confirmed by high residues of PCBs detected in 2012. There is
a high possibility that this trend may continue in the future
since Vietnam has not banned the use of PCBs yet and a huge
amount of dielectric oil containing PCB still exists throughout
the country. From this source, PCBs can be further released
into the environment.

ACKNOWLEDGMENT

We would like to thank Vietnam National Foundation for
Science and Technology Development (NAFOSTED) for their
financial support.

REFERENCES

[1] Alcock RE, Johnston AE, McGrath SP, Berrow ML, Jones KC, ‘‘Long-
term changes in the polychlorinated biphenyl content of United
Kingdom soils’’, Environmental Science and Technology 27, 1993, pp
1918-1923.

[2] Aydin ME, Tor A, Ozcan S, “Determination of selected
polychlorinated biphenyls in soil by miniaturised ultrasonic solvent
extraction and gas chromatography-mass-selective detection’’,
Analytical Chimica Acta 577, 2006, pp 232-237.

[3] Electricity of Vietnam (EVN), ‘‘Strategy and environmental protection
program (in Vietnamese) *’, 2003, Hanoi, Vietnam.

[4] Falandysz J, Wyrzykowska B, Bochentin I, Hanari N, Orlikowska A,
Yuichi H, Yamashita N, “‘Source determination of highly chlorinated
biphenyl isomers in pine needles — Comparison to several PCB
preparations’’, Environmental Pollution 143, 2006, pp 46-59.

[5] Kim M, Kim S, Yun S, Lee M, Cho B, Park J, Son S, Kim O,
““‘Comparison of seven indicator PCBs and three coplanar PCBs in beef,
pork, and chicken fat’’, Chemosphere 54, 2004, pp 1533-1538.

[6] Vietnam National Environment Agency (NEA), ‘‘Vietnam national
plan for treatment of persistent organic pollutant (in Vietnamese) ’.

504



[7]

[8]

[9]

[10]

International Journal of Earth, Energy and Environmental Sciences
ISSN: 2517-942X
Vol:7, No:7, 2013

Available  from:  <http:/www.nea  .gov.vn/thongtinmt/noidung/
vnn_14_08_06.htm> Access on 1 December 2006.

Viet PH, Hoai PM, Minh NH, Ngoc NT, Hung PT, Preliminary study
on soil and sedimentation contamination by organochlorine pesticides
and PCBs in some selected areas of Northern Vietnam. In: Proceedings
of Workshop on Management Use and Assessment of Environmental
Pollution of Pesticides, Hanoi, Vietnam, 28-29 September, 2000, 71—
75.

Thao VD, Kawano M, Tatsukawa R, ‘Persistent organochlorine
residues in soils from tropical and sub-tropical Asian countries”,
Environmental Pollution 81, 1993, pp 61-71.

Thao VD, ‘‘Persistent organochlorine residues in soils from tropical
and sub-tropical Asia and Oceania’’, PhD thesis, School of Agricultural
Sciences, Ehime University, 1993, Japan.

Wilcke W, Krauss M, Safronov G, Fokin AD, Kaupenjohann M,
““Polychlorinated biphenyls (PCBs) in soils of the Moscow region:
Concentrations and small-scale distribution along an urban—rural
transect’’, Environmental Pollution 141, 2006, pp 327-335.

505



