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Dioxins (polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans (PCDD/Fs) 
and polychlorinated biphenyls (PCBs)) are substances that represent a global concern due to 
their ubiquitous presence and toxicity. Industrial processes and other human activities as well as 
uncontrollable accidents are the main sources that release these pollutants into the environment. 
The presence of these compounds has been reported in soils from Europe, Asia and Africa, but 
currently, there is not much information of dioxin levels in soils from Brazil. This paper presents 
the levels of PCDD/Fs, dioxin-like PCBs (dl-PCBs) and non-dioxin-like PCBs (ndl-PCBs) in 
soils collected from urban areas of Belo Horizonte city, Minas Gerais State, Brazil. Total toxic 
equivalents (TEQ) observed ranged from 0.43 to 4.54 ng TEQ kg-1 d.m. The highest concentration 
TEQ found was 2.68 (± 1.63) ng TEQ kg-1 d.m. The low total TEQ achieved suggests that the 
locations evaluated are not being affected by possible sources of dioxin emissions, although Belo 
Horizonte is surrounded by a number of them.
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Introduction

“Dioxins” is a group of environmental contaminants that 
are present in almost all compartments of the world.1,2 They 
have been subject of concern for governments and the World 
Health Organization (WHO), since they are toxic at trace 
levels and extremely stable.3 Typically the name dioxins 
refers to polychlorinated dibenzo-p-dioxins (PCDDs) and 
polychlorinated dibenzofurans (PCDFs). The congeners 
with chlorine atoms at the 2, 3, 7 and 8 positions of the 
aromatic rings are the most toxic.4 In addition, a number 
of polychlorinated biphenyls (PCBs), known as dioxin-like 
PCBs (dl-PCBs), shows similar behavior as these 2, 3, 7, 8 
substituted dioxins3 and are also included in many studies. 
Other 6 PCBs, known as non-dioxin-like PCBs (ndl-PCBs), 
are also of interest due to their high occurrence.5 All of 
these compounds have been included in the Stockholm 
Convention on persistent organic pollutants (POPs)2 and 
have been studied extensively in developed countries. 
PCDDs and PCDFs are unintentionally industrial products 
from anthropogenic sources. Once PCDD/Fs are emitted 
into the atmosphere, they tend to aggregate to solid 
particulate followed by atmospheric deposition until they 

reach soils and sediments. Therefore, soils and sediments 
are regarded as ‘reservoirs’ of PCDD/Fs, from where 
they can gradually be released or transferred to other 
media.6 For PCDD/Fs, combustion processes (e.g., waste 
incinerators, thermal industrial processes and household 
fires) are believed to be the most significant source of 
environmental contamination.7,8 Other potential sources are 
industrial processes involving chemical and petrochemical 
plants, iron and steel production, cement kilns, secondary 
copper smelters, paper and pulp industries, that contribute 
to release these compounds into the environment.9,10 
Congeners of PCBs are generally more ubiquitous than 
those of PCDD/Fs due their commercial application during 
several decades in the last century.5 Most PCBs were 
commercially produced in the United States as standard 
mixtures bearing the brand name Aroclor.11 Different 
Aroclor mixtures were used at different times and for 
diverse applications (e.g., heat transfer fluids, hydraulic 
lubricants, flame retardants, plasticizers, and as dielectric 
fluids in electronic components such as capacitors and 
transformers). In electrical equipment manufacturing in 
the United States, Aroclor 1260 and 1254 were the main 
mixtures used before 1950s. Afterwards, during the 1950s 
and 1960s, Aroclor 1242 was the main mixture used until 
it was phased out in 1971 and replaced by Aroclor 1016.12 
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Although environmental contamination by PCBs is mostly a 
result of several PCB products, spot contamination might be 
traced back to a specific industry or application.13 Emissions 
of dioxins generally do not contain a homogeneous mixture 
of congeners since the individual levels depend mostly on 
the process, the materials used in the process, products 
involved as well as environmental and biological transfer 
rates. In addition, the measured total levels can vary 
significantly depending on the season and weather, e.g., in 
winter PCDD/PCDF concentrations in air may be higher 
by a factor of ten on toxic equivalents (TEQ) basis than in 
summer, levels in grass are generally higher in winter than 
in other seasons and levels in dry soil are generally higher 
than in wet soils.6,14

At several locations in the world, soil has been 
investigated for the presence of particular dioxins. A 
number of countries have established guidelines concerning 
maximum limits of dioxin concentration in soils, focused on 
the control of dioxins in stack emissions, with the objective 
of reducing human exposure and protecting human health. 
Sweden considers 10 ng I-TEQ kg-1 d.m. (d.m. = dry matter) 
the maximum limit for soil in residential area, while Germany 
and the Netherlands establish 1000 ng I-TEQ kg-1 d.m. For 
Brazil, no maximum limits for soils have been established.6 
Available data on concentrations of PCDD/Fs in the 
environment (air, soil, water or sediments), animals, food 
and even in the human body, or levels of emissions from 
possible sources of unintentional formation, are scarce 
in Brazil.15 Moreover, United Nations Environment 
Programme (UNEP) has published data on concentrations of  
PCDD/Fs in soils of assorted locations in Brazil. The range 
levels reported were between 0.03-900 ng I-TEQ kg-1.16

Belo Horizonte city is the capital of Minas Gerais (MG) 
state, located in the southeast of Brazil, with 331 km2 and 
with an estimated population of approximately 2.5 million 
in the urban area. Including neighbor municipalities, the 
population in its metropolitan area reaches 5.7 million 
habitants. The region has become attractive to industrial 
sectors after an industrial district has been created in 1941. 
Construction, high technology, and other industries make 
it one of the most economically dynamic urban areas in 
Brazil.17 Due to its geographical location that reduces 
the cost of transportation of raw materials and flow of 
products, important industries of different sectors, such 
as mining, automobiles, steel products, textile, cosmetic, 
food, chemicals, pharmaceuticals, furnishing and petroleum 
refinery have installed their plants in the industrial district.18 

The objective of this study is to provide an initial 
investigation about the levels of 17 congeners of PCDD/Fs,  
12 dl-PCBs, which are comprised by the non-ortho PCBs 
(NO-PCBs) and mono-ortho PCBs (MO-PCBs), and 

6 ndl-PCBs in soils collected in the urban area of Belo 
Horizonte-MG, Brazil. Additional information about the 
sampling areas was used to assess differences among 
groups and distribution profiles of the compounds studied. 
The present data were compared with levels in soils from 
other cities in Brazil and several countries over the world. 

Experimental

Sampling

Three individual samples were taken from six places in 
the urban area of Belo Horizonte including the city center, 
residential areas (BV, CS, PC, AL and PR), and one sample 
(DQ) at the Department of Chemistry of Federal University 
of Minas Gerais (UFMG). The spatial distribution of the 
sampled sites is shown in Figure 1.19 Samples were taken 
from the top layer of the soil, the material was collected 
in a glass flask and stored at room temperature upon 
transportation for analysis at the RIKILT Laboratory- 
Wageningen UR, in The Netherlands.

Analysis

Samples were analyzed for PCDD/Fs and PCBs by 
gas chromatography coupled to high-resolution mass 
spectrometry (GC-HRMS) using methods previously 
developed and validated.20,21 All standards were purchased 
from Cambridge Isotope Laboratories (Tewksbury, 
MA, USA) and are listed in Table S1 (Supplementary 
Information section). All solvents used (n-hexane, 
dichloromethane, ethylacetate and toluene) were 
purchased from Actu-All Chemicals (Randmeer, The 
Netherlands) and were of PEC grade. The samples were 
dried in a stove at 60 °C for 72 h and homogenized. 
Each sample collected was weighed (roughly 5 g) 
and transferred to glass beakers. Diatomaceous earth 
(approximately 5 g) was added to each beaker and the 
mixtures homogenized with a glass-stirring rod. After the 
addition of the internal standards, 50 pg of 13C-labeled 
PCDDs, PCDFs and NO-PCBs and 1000 pg of 13C-labeled 
MO-PCBs and ndl-PCBs (see Table S1) to each beaker, the 
mixtures were further homogenized. These mixtures were 
then transferred to an accelerated solvent extraction (ASE) 
tube, which was then inserted into the ASE instrument 
(Thermo Fisher Dionex, Sunnyvale, USA) for extraction 
with toluene:ethanol (9:1, v/v) at 150 °C and 1500 psi. 
The resulting extracts, with approximately a final volume 
of 150 mL, were filtered over a funnel with anhydrous 
Na2SO4 and the solvent evaporated to dryness in a rotary 
evaporator. The residues were recovered with n-hexane 
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and transferred to a graduated cylinder. After addition 
of n-hexane (approximately 25 mL) and 100 pg of the 
clean-up standard (37Cl4-2,3,7,8-tetra chlorinated dioxin 
(TCDD), see Table S1), the samples were submitted to 
the clean-up procedure, for which an automated system 
(PowerPrepTM FMS Inc., Waltham, MA, USA) was used. 
This system works with the following chromatographic 
columns: acid silica, neutral silica, basic alumina and 
activated carbon/Celite, all of them purchased directly 
from the manufacturer.22

For elution through the columns the following 
solvents and mixtures were used: n-hexane, n-hexane/
dichloromethane (1:1 v/v), ethyl acetate/toluene (1:1 v/v) 
and toluene. In the 24 automated steps (described in 
Table S2, Supplementary Information section), the 
samples were cleaned and the MO-PCBs and ndl-PCBs 
were collected in fraction A (eluted with 120 mL of 
dichloromethane/n-hexane), whereas PCDDs, PCDFs 
and NO-PCBs were collected in fraction B (eluted with 
75 mL of toluene). Both fractions were evaporated to a final 
volume of 500 µL. Recovery standards (see Table S1) were 
added in fractions A (250 pg of 13C-1,2,3,4-TCDD in iso-
octane) and B (100 pg of 13C-1,2,3,4-TCDD and 100 pg of 
13C-2,3,4,6,7,8-hexa chlorinated furan (HxCDF) in toluene). 
In fractions A and B, 2 mL of iso-octane and toluene were 
added to wash the flasks, respectively. The final solutions 
were again evaporated to a final volume of 500 µL.

The fractions were analyzed on a GC/HRMS instrument 
(GC: Agilent HP6890+GC, HRMS: Autospec, Ultima 

system, Waters, Manchester, UK) for PCDD/Fs, dl-PCBs 
and ndl-PCBs. The instrument tuning met the minimum 
required resolving power of 10.000 (10% valley). 

For the PCDD/Fs and NO-PCBs, 100 µL was injected 
on a programmed temperature vaporizer (Gerstel, Mülheim 
an der Ruhr, Germany) in the solvent vent mode while 2 µL 
was injected in the splitless mode for the MO-PCBs and 
ndl-PCBs fraction. Separation was performed on a DB-5MS 
fused silica capillary column (60 m × 0.25 mm × 0.25 µm) 
from Agilent J&W (Folson, USA) using helium (purity 
6.0) as the carrier gas with a constant column flow of 
1.2 mL min-1. Limits of quantification (LOQ) were based 
on signal/noise ratios (S/N) and were approximately 0.02, 
0.05 and 5.00 ng kg-1 d.m. for PCDD/Fs, NO-PCBs and 
MO-PCBs, respectively, and 0.05 µg kg-1 d.m. for ndl-
PCBs. LOQs were corrected by recovery and sample intake 
for each compound in every sample. 

The identification of individual PCDD/Fs, dl-PCBs 
(NO-PCBs and MO-PCBs) and ndl-PCBs was performed 
on the basis of the retention times (matching that of the 
corresponding standard compound), the signal-to-noise 
ratio (higher than 3:1) and the isotopic ratio between the 
quantitation and confirmation ions (within ± 15% of the 
theoretical value). Table S3 (Supplementary Information 
section) displays the exact masses with the ion ratios for 
each PCDD/F and PCB evaluated herein. The calibration 
curves were built for quantification purposes by using 
the internal standard methodology. Labeled compounds 
(13C) were used as internal standards. The following 

Figure 1. Map of Minas Gerais state and Belo Horizonte city, Brazil, showing the locations where the samples were collected.
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concentrations of each individual congener were employed 
to build the calibration curves: PCDD/Fs (0.002; 0.005; 
0.010; 0.020; 0.050; 0.100 and 0.200 pg µL-1); NO-PCBs 
(0.002; 0.005; 0.010; 0.020; 0.050; 0.100, 0.200, 1.000 and 
2.000 pg µL-1); MO-PCBs and ndl-PCBs (0.100; 0.250; 
0.500; 1.000; 2.500; 5.000; 10.00; 50.00 and 100.0 pg µL-1). 
The linearity expressed as the coefficient of determination 
(r2) varied from 0.9976 < r2 < 0.9999 for the PCDD/Fs,  
dl-PCBs and ndl-PCBs, as indicated in Table S3. To 
determine the amount of PCDD/Fs, dl-PCBs and ndl-PCBs, 
the areas of the sample peaks are compared with those of the 
known amount of the corresponding peaks of the compounds 
in the calibration standard solutions, based on the principle of 
isotope dilution. The response of each compound relative to 
its labeled analogue is determined using both the primary and 
secondary exact m/z values, for each calibration standard.23 

For native and labeled compound in the calibration 
curves, the relative response factor (RRF) and its average 
was calculated using equations 1 and 2, respectively:

 (1)

where AIS is the response (one of the two m/z values) of a 
given internal standard; ARS is the response (one of the two 
m/z values) of a given recovery standard; QIS is the amount 
of a given internal standard pg µL-1; QRS is the amount of 
a given recovery standard pg µL-1.

  (2)

where m is the number of standards (concentration levels); 
n is the native component; i is the calibration level. 
Consequently the content of each component is calculated 
using equation 3:

  (3)

where Cx is the content of the component of interest in ng kg-1; 
Ax is the response (one of the two m/z values) of a given 
native compound in the sample extracts; AIS is the response 
(one of the two m/z values) of a given labeled internal 
standard in sample extracts; QIS is the amount of injected 
labeled internal standard pg µL-1; DIV is the calculation 
factor from concentration (pg µL-1) to content on sample 
basis (ng kg-1). The calculated concentrations of PCDD/Fs, 
dl-PCBs and ndl-PCBs were recalculated to TEQ values. 
The TEQ values are calculated by multiplying the TEF 
value (Table 1)3 of each compound by its true concentration. 

Quality assurance and quality control

In the batch of the soil samples it was included one 
blank sample (consisting of diatomaceous earth) spiked 
with native and 13C-labelled compounds of each congener 
of PCDD/Fs and PCBs to assure the attainment of accurate 
data and also for analyses control. Diatomaceous earth 
was chosen as a convenient blank due to the impossibility 
to find a true soil blank. Diatomaceous earth has similar 
consistency than the soil samples and is mixed to them 
previously to the extraction procedure. The concentrations 
of PCDD/Fs and PCBs in the diatomaceous earth were 
below their LOQs (Table 1). The results for PCDD/Fs, 
dl-PCBs and ndl-PCBs in the spiked diatomaceous earth 
were also included in Table 1 and are within the expected 
values. The recoveries for the native compounds in the blank 
spiked sample and 13C-labelled PCDD/Fs and PCBs in soil 
spiked samples are presented in Table S4 (Supplementary 
Information section). The recoveries are in the ranges of 
80-114, 80-111 and 82-115%, respectively (Table S4). The 
recovery results are within the permitted range, from 80 to 
120%, for confirmatory methods according to the European 
regulation 2012/252/EU.24 As can be visualized in Table S4, 
the results were consistent and ensured the attainment of 
accurate data for all analyzed samples. The method used for 
the analyses of PCDD/Fs and PCBs is very steady and was 
fully validated following the restrict quality control criteria 
of analyses for PCDD/Fs and PCBs of the RIKILT Institute. 
Moreover, the method performance has been successfully 
verified by the proficiency testing (PT) organized by the 
European Union Reference Laboratory for Dioxins and 
PCBs in Feed and Food (Freiburg, Germany).

Results and Discussion

PCDD and PCDFs

Eighteen samples from the top layer of soils were 
taken in six locations of Belo Horizonte-MG, five of them 
in residential areas (BV, CS, PC, AL and PR) and one 
collected at the campus of Federal University of Minas 
Gerais (DQ). The results of the individual congeners are 
reported in Table 1. The total TEQ levels observed ranged 
from 0.43 to 4.54 ng TEQ kg-1 d.m. with an average result 
of 1.56 (±1.03) ng TEQ kg-1 d.m. The highest level of 
dioxins-TEQ was in the area PR followed by PC, DQ, 
AL, CS and BV. Concerning the contribution to the 
dioxin-TEQ, congeners of PCDD ranged from 42 to 90%, 
while PCDF from 10 to 58%. The location PR showed the 
highest contribution of PCDD with an average of 82%, 
while the lowest contribution of PCDD was found in the 
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CS location (51%). The pattern of congeners contributions 
consisted mostly of octa chlorinated dioxin (OCDD, 
range: 61-95%), hepta chlorinated dioxin (HpCDD, 
4-19%), octa chlorinated furan (OCDF, range: 0.3-12%) 
and hepta chlorinated furan (HpCDF, range: 0.2-10%). 
Clearly OCDD was the most abundant compound in all 
soil samples. The relatively high OCDD concentration 
shows good agreement to what had been found in other 
studies for soils. For instance, Brzuzy and Hites7 found 
high contributions of OCDD in soil samples from Virginia, 
USA (91% of PCDD/F), Indiana, USA (about 96% of 
PCDD/F),25 and in South Africa (84% of PCDD/F).26 
Hites,26 in a study comparing the distribution of PCDD/Fs  
in soil and combustion sources, observed that the less 
chlorinated compounds (i.e., tetra- and penta-) are found 
to a greater extent in the vapor phase. Once air mass 
moves away from the urban sources, the dioxins are 
diluted with cleaner air and a small portion of the tetra- 
and penta- (< 40%) congeners are deposited in the soil, 
preferably near the emission source. Also according to 
Hites,26 the more chlorinated PCDD/Fs (i.e., hexa to octa), 
have a greater tendency to be removed from atmosphere 
when the compounds are bound to particles. Later et al.10 
suggested that when PCDFs are predominant the potential 
emission source is near the spot contaminated. On the 
other hand, the profiles with PCDDs predominant are 
classified as “sink”, suggesting that the studied area is 
distant from a possible source of emission. Additionally, 
Domingo et al.27 showed that higher chlorinated congeners 
are much easier to be settled on the soil than lower 
chlorinated ones. Therefore the patterns of PCDD/Fs 
in urban soil from Belo Horizonte are congruent with 
patterns described for different countries over the world.

PCBs 

T h e  r a n g e  o f  va l u e s  f o r  d l - P C B s  w a s 
0.04-0.93 ng TEQ kg-1 d.m. and for ndl-PCBs was 
0.22-7.48 ng g-1 d.m. (Table 1). The contribution of dl-PCBs 
in the total TEQ were 2-52% and in only one sample 
(DQ-1) the level of dl-PCBs was predominant in relation 
to PCDD/Fs. 

Potential sources

In Figure 2 it was represented all TEQ values for  
PCDD/Fs, dl-PCBs and ndl-PCBs per sample collected. 

BV was  cons idered  the  c leanes t  a rea  for 
dioxins, furans and PCBs, with average levels of 
0.55 ng TEQ kg-1 d.m. (± 0.11), and for ndl-PCBs was 
0.24 µg kg-1 d.m. (± 0.02). Second lower levels were from 

the CS area with 0.72 ng TEQ kg-1 d.m. (± 0.15). Cement 
kilns plant located in the city of Pedro Leopoldo, 25 km 
north from BV and CS area, could influence both areas. In 
general they are known to emit PCDD/Fs, but estimates of 
the amounts and patterns of these emissions vary widely.28 
Generally, the transport and deposition of PCDD/Fs depend 
on the atmospheric phenomena and the distances from 
the source.25 The low levels observed suggest that the BV 
and CS areas are not affected significantly by surrounding 
potential sources of emission. However, a complementary 
study is required to assess the environmental impact of these 
kilns in terms of PCDD/Fs levels released to atmosphere. 

In contrast, somewhat higher levels were found in 
samples from the south of Belo Horizonte, PR area, the 
nearest area from the city center. In this location top layers of 
soil were sampled from individual gardens, approximately 
2 m2 each, in a small public square. Levels found in PR-1, 
PR-2 and PR-3 were 1.53, 1.96 and 4.54 ng TEQ kg-1 d.m., 
respectively, with PCDDs contributing to TEQ between 
73-90%, while PCDFs ranged 10-27%. Belo Horizonte 
is a metropolitan city with high population density and 
surrounded by industrial and mining activities. One of 
these industrial districts is situated in Contagem city 
(approximately 10 km west from PR, AL and PC areas) 
and is supposed to be a potential source of PCDD/Fs. 
None of the areas nearest to the industrial district showed 
high levels of these compounds. As mentioned before, 
the behavior of these compounds emitted to atmosphere 
will be influenced by natural phenomena. Furthermore, 
the industrial district should be studied in detail to assess 
whether there is any source of PCDD/Fs emission above 
the allowed international limits.

Regarding the ndl-PCBs, the highest levels were in the 
DQ area and had different profile compared to the other 
samples. The average of levels was 4.72 ng g-1 d.m. (± 2.39). 
The more chlorinated congeners as PCBs 153, 138 and 
180, contributed with 72% into the sum of MO-PCBs 
and ndl-PCBs (Figure S1, Supplementary Information 
section). Frame et al.29 presented a detailed PCBs congener 
distribution in Aroclor mixtures. High chlorinated PCBs, 
such as PCBs 153, 138 and 180 were obtained mostly for 
Aroclors 1260 and 1262. These data had similar profile to 
that obtained in the DQ samples.

Of the 209 different congeners of PCBs, about 140 to 
150 are observed in the commercial mixtures produced 
for electrical equipment. One of the most known technical 
mixture bears the brand name Aroclor (Trade Name Aroclor 
in USA, formerly manufactured by Monsanto, Corp., 
St. Louis, MO, USA), but have never been produced in 
Brazil, meaning that all PCB mixtures used in Brazil were 
imported from USA.12,30 



Pussente et al. 863Vol. 28, No. 5, 2017

Ta
bl

e 
1.

 L
ev

el
s 

of
 P

C
D

D
/F

s,
 d

l-
PC

B
s 

(n
g 

kg
-1
 d

.m
.)

 a
nd

 n
dl

-P
C

B
s 

(µ
g 

kg
-1
 d

.m
.)

 in
 b

la
nk

 (d
ia

to
m

ac
eo

us
 e

ar
th

),
 b

la
nk

 s
pi

ke
d 

an
d 

so
il 

sa
m

pl
es

 u
nt

ak
en

 fr
om

 s
ix

 d
if

fe
re

nt
 lo

ca
tio

ns
 in

 B
el

o 
H

or
iz

on
te

-M
G

, B
ra

zi
l

Sa
m

pl
e

Pr
od

uc
t

  
B

la
nk

B
la

nk
sp

ik
ed

D
Q

-1
so

il
D

Q
-2

so
il

D
Q

-3
so

il
C

S-
1

so
il

C
S-

2
so

il
C

S-
3

so
il

PC
-1

so
il

PC
-2

so
il

PC
-3

so
il

PR
-1

so
il

PR
-2

so
il

PR
-3

so
il

B
V

-1
so

il
B

V
-2

so
il

B
V

-3
so

il
A

L
-1

so
il

A
L

-2
so

il
A

L
-3

so
il

PC
D

D
/F

s 
/ (

ng
 k

g-1
 d

.m
.)

T
E

F 
W

H
O

20
05

2,
3,

7,
8-

T
C

D
F

0.
1

0.
04

0.
17

0.
42

0.
46

0.
43

0.
34

0.
32

0.
27

0.
53

0.
18

0.
27

0.
46

0.
29

0.
35

0.
14

0.
16

0.
14

0.
20

0.
27

0.
32

1,
2,

3,
7,

8-
Pe

C
D

F
0.

03
<

 0
.0

2
0.

32
0.

28
0.

31
0.

31
0.

34
0.

26
0.

21
0.

59
0.

14
0.

22
0.

37
0.

29
0.

35
0.

16
0.

22
0.

21
0.

24
0.

32
0.

37
2,

3,
4,

7,
8-

Pe
C

D
F

0.
3

<
 0

.0
2

0.
32

0.
35

0.
61

0.
36

0.
40

0.
27

0.
28

0.
94

0.
19

0.
27

0.
33

0.
21

0.
31

0.
13

0.
19

0.
15

0.
19

0.
26

0.
27

1,
2,

3,
4,

7,
8-

H
xC

D
F

0.
1

<
 0

.0
1

0.
33

0.
32

2.
07

0.
33

0.
40

0.
32

0.
32

1.
11

0.
21

0.
35

0.
45

0.
31

0.
45

0.
18

0.
26

0.
16

0.
23

0.
30

0.
31

1,
2,

3,
6,

7,
8-

H
xC

D
F

0.
1

<
 0

.0
1

0.
32

0.
29

1.
26

0.
32

0.
41

0.
31

0.
30

0.
93

0.
20

0.
29

0.
41

0.
32

0.
49

0.
17

0.
22

0.
16

0.
25

0.
32

0.
33

2,
3,

4,
6,

7,
8-

H
xC

D
F

0.
1

<
 0

.0
1

0.
35

0.
39

1.
96

0.
39

0.
5

0.
36

0.
21

1.
32

0.
27

0.
41

0.
50

0.
44

0.
70

0.
23

0.
28

0.
17

0.
33

0.
35

0.
44

1,
2,

3,
7,

8,
9-

H
xC

D
F

0.
1

<
 0

.0
1

0.
32

<
 0

.1
6

<
 0

.8
0

<
 0

.1
4

<
 0

.2
7

<
 0

.2
0

<
 0

.1
2

<
 0

.2
9

<
 0

.0
7

<
 0

.1
2

0.
39

0.
53

0.
55

0.
21

0.
37

0.
40

0.
46

0.
52

0.
58

1,
2,

3,
4,

6,
7,

8-
H

pC
D

F
0.

01
<

 0
.0

1
0.

37
1.

75
21

.1
1.

58
3.

00
2.

29
1.

81
6.

46
1.

86
2.

31
5.

19
6.

11
7.

43
1.

59
1.

30
0.

79
3.

08
3.

88
4.

51
1,

2,
3,

4,
7,

8,
9-

H
pC

D
F

0.
01

<
 0

.0
1

0.
34

0.
13

2.
62

0.
13

0.
25

0.
20

0.
18

0.
60

0.
16

0.
21

0.
37

0.
41

0.
61

0.
14

0.
11

0.
07

0.
21

0.
30

0.
29

O
C

D
F

0.
00

03
<

 0
.0

2
0.

73
1.

63
28

.9
1.

54
5.

91
4.

95
2.

42
6.

79
3.

93
5.

57
17

.8
25

.6
25

.8
2.

21
1.

50
0.

77
11

.7
0

19
.5

17
.7

2,
3,

7,
8-

T
C

D
D

1
<

 0
.0

1
0.

13
0.

04
0.

04
0.

04
0.

04
<

 0
.0

3
<

 0
.0

6
0.

05
0.

02
<

 0
.0

3
0.

05
0.

04
0.

06
<

 0
.0

2
<

 0
.0

3
<

 0
.0

4
<

 0
.0

4
<

 0
.0

4
0.

03
1,

2,
3,

7,
8-

Pe
C

D
D

1
<

 0
.0

2
0.

34
0.

14
0.

16
0.

13
0.

15
0.

10
0.

09
0.

26
0.

09
0.

13
0.

19
0.

18
0.

36
0.

07
0.

09
0.

06
0.

12
0.

13
0.

18
1,

2,
3,

4,
7,

8-
H

xC
D

D
0.

1
<

 0
.0

2
0.

34
0.

13
0.

34
0.

12
0.

13
0.

10
0.

09
0.

43
0.

17
0.

15
0.

23
0.

25
0.

76
0.

10
0.

07
0.

05
0.

13
0.

13
0.

20
1,

2,
3,

6,
7,

8-
H

xC
D

D
0.

1
<

 0
.0

2
0.

34
0.

52
1.

02
0.

39
0.

39
0.

31
0.

23
1.

52
0.

64
0.

62
1.

00
1.

30
2.

76
0.

40
0.

33
0.

25
1.

00
0.

76
1.

73
1,

2,
3,

7,
8,

9-
H

xC
D

D
0.

1
<

 0
.0

2
0.

34
0.

40
0.

57
0.

28
0.

35
0.

30
0.

16
0.

88
0.

35
0.

37
1.

03
1.

66
2.

59
0.

32
0.

32
0.

29
0.

87
1.

08
1.

37
1,

2,
3,

4,
6,

7,
8-

H
pC

D
D

0.
01

0.
01

0.
35

16
.9

30
.2

10
.6

7.
73

6.
08

6.
89

92
.8

70
.6

38
.8

44
.6

76
.4

18
1

21
.6

11
.8

5.
09

69
.9

26
.8

10
4

O
C

D
D

0.
00

03
0.

03
0.

73
83

.9
14

4
61

.1
54

.2
43

.7
46

.3
58

4
12

60
32

8
40

2
77

9
38

60
20

1
97

.6
46

.5
33

4
23

8
41

9
W

H
O

20
05

-P
C

D
D

/F
-T

E
Q

 (
lb

) 
0.

00
0.

83
0.

75
1.

75
0.

65
0.

70
0.

49
0.

44
2.

46
1.

48
0.

97
1.

43
1.

87
4.

44
0.

58
0.

51
0.

34
1.

37
0.

98
2.

04
W

H
O

20
05

-P
C

D
D

/F
-T

E
Q

 (
ub

)
0.

05
0.

83
0.

76
1.

83
0.

67
0.

73
0.

54
0.

51
2.

49
1.

49
1.

02
1.

43
1.

87
4.

44
0.

60
0.

54
0.

38
1.

41
1.

02
2.

04
dl

-P
C

B
’s

 / 
(n

g 
kg

-1
 d

.m
.)

 
PC

B
 8

1
0.

00
03

0.
03

9.
11

1.
28

1.
80

1.
25

0.
80

0.
76

0.
28

0.
94

0.
38

0.
36

0.
25

0.
19

0.
19

0.
11

0.
12

0.
11

0.
15

0.
15

0.
21

PC
B

 7
7

0.
00

01
0.

43
9.

57
32

.2
44

.7
29

.2
16

.9
14

.9
5.

30
16

.8
11

.6
10

.1
4.

07
3.

81
3.

58
1.

90
1.

77
1.

84
2.

51
2.

83
3.

47
PC

B
 1

26
0.

1
<

 0
.0

3
8.

59
7.

61
8.

43
5.

25
1.

53
1.

26
0.

83
2.

83
3.

13
2.

78
0.

94
0.

82
0.

90
0.

40
0.

39
0.

40
0.

54
0.

61
0.

69
PC

B
 1

69
0.

03
0.

03
9.

42
0.

94
1.

14
0.

69
0.

21
0.

17
0.

16
0.

44
0.

23
0.

27
0.

20
0.

18
0.

17
0.

09
0.

10
0.

08
0.

13
0.

17
0.

16
PC

B
 1

23
0.

00
00

3
<

 3
.2

7
22

7
<

 9
.0

3
<

 1
7.

9
<

 6
.6

1
<

 4
.9

6
<

 5
.3

1
<

 5
.0

3
<

 5
.5

3
<

 3
.6

3
<

 4
.3

2
<

 3
.1

6
<

 2
.8

2
<

 5
.9

5
<

 3
.0

4
<

 3
.8

1
<

 2
.9

6
<

 3
.4

1
<

 3
.3

0
<

 3
.9

6
PC

B
 1

18
0.

00
00

3
<

 8
.3

2
22

0
26

9
79

8
20

2
14

5
15

3
53

.2
12

4
15

3
10

6
32

.1
36

.4
30

.8
14

.1
14

.9
18

.2
25

.8
26

.8
23

.0
PC

B
 1

14
0.

00
00

3
<

 2
.7

7
22

7
<

 8
.1

3
16

.5
<

 5
.2

4
<

 4
.5

5
<

 4
.6

1
<

 4
.5

2
<

 5
.1

2
<

 3
.5

4
<

 4
.1

3
<

 2
.8

2
<

 2
.7

6
<

 6
.4

3
<

 3
.5

3
<

 3
.7

2
<

 2
.8

2
<

 3
.2

8
<

 3
.1

4
<

 3
.8

3
PC

B
 1

05
0.

00
00

3
<

 3
.3

2
22

8
11

2
26

0
77

.2
68

.9
73

.5
28

.4
70

.4
81

.0
57

.8
16

.6
17

.9
16

.2
6.

69
8.

72
8.

65
12

.6
12

.7
13

.0
PC

B
 1

67
0.

00
00

3
<

 1
.6

6
22

8
59

.9
11

4
52

.9
11

.1
12

.8
7.

43
15

.9
16

.3
13

.3
4.

74
4.

46
4.

59
2.

43
<

 3
.1

9
<

 3
.0

4
2.

50
3.

03
<

 2
.8

6
PC

B
 1

56
0.

00
00

3
3.

60
22

2
11

1
19

1
96

.5
25

.1
26

.7
15

.8
32

.3
35

.5
28

.2
10

.9
10

.3
10

.5
5.

03
5.

74
6.

65
7.

38
7.

36
5.

00
PC

B
 1

57
0.

00
00

3
<

 1
.5

8
22

7
18

.6
31

.8
14

.0
0

6.
58

7.
45

5.
36

8.
90

9.
28

7.
40

<
 3

.4
6

<
 4

.5
7

<
 4

.4
9

<
 2

.8
3

<
 3

.3
2

<
 3

.2
5

<
 2

.6
0

<
 2

.9
5

<
 3

.1
3

PC
B

 1
89

0.
00

00
3

<
 1

.3
8

22
6

20
.3

28
.5

22
.4

2.
22

2.
24

1.
96

<
 3

.4
1

2.
42

2.
08

<
 1

.7
4

<
 2

.5
5

<
 2

.9
0

<
 3

.3
6

<
 1

.2
8

<
 1

.5
8

<
 1

.3
2

<
 1

.6
4

<
 1

.7
6

W
H

O
20

05
-d

l-
PC

B
-T

E
Q

 (
lb

) 
0.

00
1.

20
0.

81
0.

93
0.

56
0.

17
0.

14
0.

09
0.

31
0.

33
0.

29
0.

10
0.

09
0.

10
0.

04
0.

04
0.

04
0.

06
0.

07
0.

08
W

H
O

20
05

-d
l-

PC
B

-T
E

Q
 (

ub
) 

0.
00

1.
20

0.
81

0.
93

0.
56

0.
17

0.
14

0.
09

0.
31

0.
33

0.
29

0.
10

0.
09

0.
10

0.
04

0.
04

0.
04

0.
06

0.
07

0.
08

W
H

O
20

05
-P

C
D

D
/F

-d
l-

PC
B

-T
E

Q
 (

lb
) 

0.
01

2.
03

1.
56

2.
68

1.
21

0.
87

0.
63

0.
53

2.
77

1.
81

1.
27

1.
53

1.
96

4.
54

0.
62

0.
56

0.
38

1.
43

1.
05

2.
12

W
H

O
20

05
-P

C
D

D
/F

-d
l-

PC
B

-T
E

Q
 (

ub
)

0.
06

2.
03

1.
57

2.
76

1.
23

0.
90

0.
68

0.
60

2.
80

1.
82

1.
31

1.
53

1.
96

4.
54

0.
64

0.
59

0.
43

1.
47

1.
09

2.
12

nd
l-

PC
B

’s
 / 

(µ
g 

kg
-1
 d

.m
.)

 
PC

B
 0

28
 

<
 0

.0
3

0.
26

0.
05

0.
13

0.
06

0.
14

0.
19

<
 0

.0
5

0.
11

<
 0

.0
3

0.
03

<
 0

.0
4

<
 0

.0
3

<
 0

.0
3

<
 0

.0
3

<
 0

.0
4

<
 0

.0
3

<
 0

.0
3

<
 0

.0
4

in
te

rf
.

PC
B

 0
52

 
<

 0
.0

3
0.

26
0.

04
0.

31
<

 0
.0

5
0.

11
0.

14
<

 0
.0

7
<

 0
.0

4
0.

03
<

 0
.0

4
<

 0
.0

3
<

 0
.0

5
<

 0
.0

3
<

 0
.0

4
<

 0
.0

3
<

 0
.0

3
<

 0
.0

6
<

 0
.0

3
<

 0
.0

6
PC

B
 1

01
 

<
 0

.0
5

0.
25

0.
39

1.
10

0.
38

0.
14

0.
16

<
 0

.0
8

<
 0

.0
7

0.
12

0.
07

<
 0

.0
7

<
 0

.0
4

<
 0

.0
5

<
 0

.0
4

<
 0

.0
7

<
 0

.0
4

<
 0

.0
5

<
 0

.0
5

<
 0

.0
6

PC
B

 1
53

 
<

 0
.0

2
0.

25
1.

11
2.

73
1.

07
0.

14
0.

15
0.

08
0.

19
0.

20
0.

16
0.

06
0.

08
0.

08
0.

03
0.

03
0.

05
0.

04
0.

05
<

 0
.0

4
PC

B
 1

38
 

<
 0

.0
2

0.
26

0.
94

1.
88

0.
89

0.
18

0.
19

0.
11

0.
22

0.
25

0.
21

0.
06

0.
07

0.
07

<
 0

.0
5

<
 0

.0
5

0.
04

<
 0

.0
4

0.
05

<
 0

.0
5

PC
B

 1
80

 
<

 0
.0

2
0.

25
0.

78
1.

33
0.

92
0.

07
0.

08
0.

07
0.

11
0.

09
0.

09
0.

05
0.

05
0.

05
<

 0
.0

6
<

 0
.0

2
0.

03
0.

02
0.

03
<

 0
.0

3
To

ta
l n

dl
-P

C
B

s 
(l

b)
 

0.
00

1.
53

3.
31

7.
48

3.
31

0.
78

0.
90

0.
26

0.
63

0.
69

0.
56

0.
17

0.
20

0.
20

0.
03

0.
03

0.
12

0.
07

0.
12

0.
00

To
ta

l n
dl

-P
C

B
s 

(u
b)

 
0.

17
1.

53
3.

31
7.

48
3.

36
0.

78
0.

90
0.

46
0.

74
0.

72
0.

60
0.

31
0.

32
0.

31
0.

25
0.

24
0.

22
0.

25
0.

24
1.

33
PC

D
D

/F
s:

 p
ol

yc
hl

or
in

at
ed

 d
ib

en
zo

-p
-d

io
xi

ns
 a

nd
 p

ol
yc

hl
or

in
at

ed
 d

ib
en

zo
fu

ra
ns

; W
H

O
: W

or
ld

 H
ea

lth
 O

rg
an

iz
at

io
n;

 T
C

D
F:

 te
tr

a 
ch

lo
ri

na
te

d 
fu

ra
n;

 P
eC

D
F:

 p
en

ta
 c

hl
or

in
at

ed
 fu

ra
n;

 H
xC

D
F:

 h
ex

a 
ch

lo
ri

na
te

d 
fu

ra
n;

 H
pC

D
F:

 h
ep

ta
 c

hl
or

in
at

ed
 

fu
ra

n;
 O

C
D

F:
 o

ct
a 

ch
lo

ri
na

te
d 

fu
ra

n;
 T

C
D

D
: t

et
ra

 c
hl

or
in

at
ed

 d
io

xi
n;

 P
eC

D
D

: p
en

ta
 c

hl
or

in
at

ed
 d

io
xi

n;
 H

xC
D

D
: h

ex
a 

ch
lo

ri
na

te
d 

di
ox

in
; H

pC
D

D
: h

ep
ta

 c
hl

or
in

at
ed

 d
io

xi
n;

 O
C

D
D

: o
ct

a 
ch

lo
ri

na
te

d 
di

ox
in

; d
l-

PC
B

s:
 d

io
xi

n-
lik

e 
PC

B
s;

 
PC

B
:p

ol
yc

hl
or

in
at

ed
 b

ip
he

ny
ls

; n
dl

-P
C

B
s:

 n
on

-d
io

xi
n-

lik
e 

PC
B

s.



PCDD/Fs and PCBs in Soils: a Study of Case in the City of Belo Horizonte‑MG J. Braz. Chem. Soc.864

To evaluate a possible contamination source in the DQ 
site, the patterns of MO-PCBs and ndl-PCBs found in the 
three collecting samples (DQ-1, DQ-2 and DQ-3), were 
compared with the individual patterns previously obtained 
for each mixture of Aroclor (1016, 1221, 1232, 1242, 1248, 
1254, 1260 and 1262). Additionally, the Pearson coefficient 
correlation (ρ) between Aroclors and DQ samples was 
calculated. The mostly positive correlation (ρ) with soil 
from DQ was Aroclor 1260 (ρ = 0.91), followed by 1262 
(ρ  = 0.78), and 1254 (ρ = 0.44). Figure 3 represents 
graphically a comparison of the DQ average results and the 
sum of Aroclors 1254, 1260 and 1262, multiplied by a factor 
of 65 to be comparable. These positive correlations suggest 
that PCBs found in the DQ area may be affected mainly 
by Aroclor mixtures 1254, 1260 and 1262. The reason 
for such contamination can be near the area collected. 
As mentioned before, Aroclor mixtures were used as 
dielectric fluids in electronic components such as capacitors 
and transformers.11 The sampling area DQ was located 
approximately 70 meters away from the Extra High Voltage 
Laboratory. This laboratory works with transformers and 
some were placed outside of the building, near the entrance 
of the Department of Chemistry. It is very likely that in 
those transformers Aroclor mixtures were used as dielectric 
fluids. Consequently residues of PCBs spread across the 
area contaminating all the locations around. More studies 
are needed to evaluate the scope of these PCBs residues 
and risks to the human health.

Comparison with other studies and guidelines for soils

Similar results for the TEQ-PCDD/Fs-dl-PCBs were 
reported for soils sampled in vicinity of potential industrial 
sources (ferrous metal producer), in South Africa (ranged 
0.12-16 ng TEQ kg-1 d.m.). The authors observed that 
most levels were below 6.3 ng TEQ kg-1 d.m. and only one 
area exceeded this value.27 In an eastern district of China 
the background of PCDD/Fs and dl-PCBs in soils was 
investigated, where levels of 0.017-5.04 ng TEQ kg-1 d.m. 
with mean value of 0.967 (± 1.361), were observed.31 
In 2012 reported levels of PCDD/Fs and PCBs in soils 
collected near to potential emission sources from Slovakia 
were 0.30-15 ng TEQ kg-1 d.m. (i.e., incinerators and 
metallurgical process).32 The European Commission DG 
Environment produced in 1999 a compilation of dioxin 
exposure and health data from EU member states. Table S5 
(Supplementary information section) displays the levels 
of PCDD/Fs and PCBs verified in some countries from 
Europe, Asia, Africa and Americas, in different types of 
soils, such as urban, rural or undefined.6,16,26,31-52 The levels 
from Belo Horizonte samples are mostly lowers than 
the levels from the EU member states. The Netherlands 
reported levels among 2.2-10 ng TEQ kg-1 d.m. and 
Spain 0.1-8.4 ng TEQ kg-1 d.m. for rural soil. Levels 
in Germany and United Kingdom were 0.1-42 and 
0.78-87 ng TEQ kg-1 d.m., respectively, for different types 
of soils. Quality guidelines of Germany,6 Canada49 and 

Figure 2. TEQ levels in individual soils of PCDD/Fs and dl-PCBs, and levels of ndl-PCBs.
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USA51 were used to compare with levels found in the present 
study. Sample PR-3 (level found 4.54 ng TEQ kg-1 d.m.), 
was the only one out of place sample exceeding the 
restrict guideline by the Canadian Council Ministers of 
the Environment for agricultural, residential/parkland, and 
commercial land uses (4 ng TEQ kg-1 d.m.), while German 
and USA guidelines range from 5 to 10 ng TEQ kg-1 d.m.49

Results of dioxins in Brazil

One of the main studies involving environmental 
levels and related to human health in Brazil was reported 
by United Nations Environment.16 The published data on 
concentrations of PCDD/Fs in soils of some locations 
in Brazil are presented in Table S6 (Supplementary 
Information section). In this report, levels of some cities 
like Araraquara-SP, Cantagalo-RJ, Manaus-AM and 
a recreational area in Rio de Janeiro (0.1-1.2, 0.6-2.5, 
0.05-0.4 and 0.03-1.8 ng I-TEQ kg-1 d.m., respectively) 
are comparable to the amount obtained in soils of Belo 
Horizonte-MG (0.38-4.44 ng TEQ kg-1 d.m). However, the 
levels in Belo Horizonte are lower than those found in soils 
from the cities of Cubatão-SP, Formiga-MG and Duque de 
Caxias-RJ (11-341, 1.4-654 and 13-900 ng I-TEQ kg-1 d.m., 
respectively) and in unspecified industrial areas in Rio 
de Janeiro (1.1-654 ng I-TEQ kg-1 d.m.).16 The highest 
register were found by Braga et al.15 in the region known 
as Cidade dos Meninos, at the municipality of Duque de 
Caxias-RJ, where a pesticide facility was located, which 
currently is not operational. Soil samples contained 
PCDD/F levels of 13900 ng I-TEQ kg-1 (± 0.9%) whereas 
samples from the neighborhood ranged from 0.19 to 
2.08 ng I-TEQ kg-1. Octa- and hepta-chlorinated PCDD/Fs 
were the main homologues found in the area affected by the  
pesticides.15

Conclusions

The levels of PCDD/Fs and dl-PCBs in soils from Belo 
Horizonte-MG ranged from 0.43 to 4.54 ng TEQ kg-1 d.m. 
This range is comparable to those found in other Brazilian 
cities like Manaus-AM, Araraquara-SP and Rio de Janeiro-
RJ, but smaller than PCDD/Fs levels in Cubatão-SP, 
Formiga-MG or Duque de Caxias-RJ. Although Belo 
Horizonte-MG is a metropolitan city with high population 
density and intense industrial activity, the levels found in 
six locations studied are lower than those observed in other 
densely populated areas in the world. Such levels could 
not be associated with any likely source of contamination 
located on the outskirts of Belo Horizonte. For a more 
detailed assessment of these possible sources of emissions, 
further studies are needed covering the whole metropolitan 
area, especially in the more industrialized areas like the 
industrial district of Contagem. 

Concentrations of ndl-PCBs obtained for soil in 
the DQ area were higher than other locations in Belo 
Horizonte. Comparing data of PCBs congener and Aroclor 
mixture, positive correlations were observed for Aroclor 
mixtures 1260, 1262 and 1254. A possible source of this 
contamination may be associated with some transformers 
placed around. 

The results reported in this paper can be used to help to 
evaluate the extent of PCDD/Fs and PCBs contamination, 
and contribute to the knowledge on background of dioxin 
and PCB concentrations in soils from urban areas in Brazil. 

Supplementary Information 

Supplementary information (Figure S1, Table S1-S6) is 
available free of charge at http://jbcs.sbq.org.br as PDF file. 

Figure 3. Levels of MO-PCBs and ndl-PCBs (ng kg-1 d.m.) obtained from soil sampled in Belo Horizonte and the profile for the Aroclor mixture reported 
by RIKILT.
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