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APRESENTAÇÃO

A obra “Pauta ambiental brasileira e a promoção da sustentabilidade” aborda uma 
apresentação de 11 capítulos envolvendo pesquisas que englobam educação, projetos e 
manejo sustentável no cenário ambiental.

Pesquisar sobre variáveis que pressupõem a sustentabilidade no meio, é assunto 
com ênfase no cenário nacional e mundial. Esclarecer relações entre ação humana e 
ambiente é o foco principal desta obra. Os autores trazem aspectos da sociedade em 
contribuição para um mundo mais sustentável. 

O cenário das mudanças climáticas são preocupantes e exigem pesquisas que 
vão além, que definam estratégias de conservação, manejo e educação social. Pois a 
remediação de um problema nem sempre é uma tarefa fácil, mas tendo a percepção da 
realidade em que vivemos podemos traçar metas e rumos para novos caminhos. 

Educação ambiental faz parte é se torna cada vez mais evidente como resultado 
primordial para a conscientização dos problemas ambientais e a promoção de virtudes que 
proponham a sustentabilidade do meio. 

Na leitura dos capítulos, serão discutidos esses aspectos por pesquisadores 
preocupados em demostrar possibilidades para uma abordagem mais técnica e ao mesmo 
tempo refletiva sobre o tema ambiental.  

Sustentabilidade é possível agirmos já? 
A resposta para essa pergunta iremos descobrir a seguir. Boa leitura. 

Leonardo Tullio
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ABSTRACT: The present work aimed the study 
of atmospheric deposition of toxic elements 
near to a tannery industry from black material 
deposited collected on leaf surfaces of cinnamon 
trees (Cinnamomum zeylanicum). Elements such 
as As, Ba, Cr, Cu, Fe, Ni, Pb, Sb, V, and Zn were 
analyzed by inductively coupled plasma mass 
spectrometry (ICP-MS). For comparison purpose 
two sites with similar black particles deposited 
on leaves away from tannery industry were 
considered. Results showed that toxic elements 
measured in the black particles collected near 
tannery area were significantly higher than those 
in comparison sites. Enrichment factors (EF) of 
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As and Cr were markedly impacted by anthropogenic emissions, whereas the other elements 
were moderately/slightly enriched. Cluster analysis identified Cr element as anthropogenic 
source from leather industry, while As possibly attributed to wide use of pesticides and 
herbicides in agricultural practices. The results indicated that emissions from the leather 
industry and agricultural activities are the main source of pollution in this area.
KEYWORDS: Leather industry, ICP-MS, toxic elements, biomonitoring, atmospheric particles.

INTRODUCTION
Leather industry, an age-old activity, covers diverse products, industrial processes, 

and has significant economic influence. Leather tanning is the conversion of raw materials 
as hides and skins into leather, which can be used to manufacture a wide range of 
consumer products such as footwear, garment, furniture, automotive, clothes, and leather 
goods. Turning skin into leather requires of several stages (preparatory stage, tanning, and 
crusting) and use of massive amounts of hazardous chemicals such as chromium (Cr), 
synthetic tannins, oils, resins, biocide, detergents, among other reagents. 

As content of pollutants depend on the nature of the source, environments that are 
not affected by contaminant sources from natural or anthropogenic activities will contain low 
levels of the analyte of interest. Usually, higher chromium levels in an environment (soil, air, 
or water) are resulted from improper discharge of solid waste, wastewater, and gaseous 
emission from anthropogenic activities such as leather tanning, steel alloys, stainless steel, 
chrome plating, paint pigments, wood preserving, textile, ceramic glazes, electroplating, 
and other activities (Sverre and Acosta 2007). The leather industry is considered as major 
source of environmental pollution of chromium because tanning process use significant 
amounts of chromium salts as dyeing (Ribeiro 2002). 

Chromium is a hard steel-grey toxic metal element and may occur naturally as 
chromite (FeCr2O4) in the environment. This element is usually found in two oxidation states: 
trivalent chromium, Cr (III), and hexavalent chromium, Cr (VI). Other valence states (minus 
stable or short-lived) in biological materials can also occur. Trivalent form is more abundant 
and much less toxic and less mobile than Cr (VI). It acts as essential dietary nutrient to 
maintenance of normal glucose tolerance for human and animals in low doses, while Cr (VI) 
compounds are considered 1,000 times more toxic than Cr (III) (Kimbrough et al. 1999). 
Its toxicity is related to its high redox potential, mobility, and ability to penetrate biological 
membranes. Chromium (VI) is also known as carcinogenic and mutagenic agent (World 
Health Organization 2000) and can cause several hazardous. 

Nova Esperança do Sul, a small city in the south of Brazil, named the capital of 
the boot, has a big tannery, whose main articles are semi-finished and finished full grain 
leather and splits for the furniture and the automotive industries (Giannetti et al. 2004; 
BRASIL 2016). These goods are mainly sold to the foreign market. In general, leather 
industries eliminate leftover materials and leather shaving through burning. As the industry 
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is located in the center of the city, there are complaints from the population due to the 
constant atmospheric emissions (Joseph and Nithya 2009). The particles generated during 
the burning spread throughout the city, leaving the houses dirty, causing bad smell and 
health problems, although there is no official record. For this reason, the objective of this 
study was to verify if the particles deposited in the soil and on the surfaces of plants are 
from natural origin or related to tanning activities. The specific goals of this study were 
(1) to investigate the levels of toxic elements (As, Ba, Cr, Cu, Fe, Ni, Pb, Sb, V, and Zn) 
present in the deposited material on the surface of the leaves of Cinnamomum zeylanicum, 
(2) to assess contamination levels, and (3) to identify the likely source(s) of the elements 
comparing to soil composition.

MATERIALS AND METHODS

Study area
This study was conducted in the city of Nova Esperança do Sul (S1) (29° 24′ 24″ S, 

54° 49′ 50″ W), state of Rio Grande do Sul, Brazil (Fig. 1). It is located southernmost part of 
the country covering an area of about 190,85 km2 of which 39,36 % is field, 27,15 % is used 
to agricultural activities, and 0.72 % is urban area with 5,087 inhabitants (IBGE 2016). The 
climate is subtropical with a variation of average temperature maximum of 38 °C, medium 
of 17,8 °C, and minimum of 3 °C. The average annual of precipitation is of 1.794,59 mm. 
The predominant wind direction is from the northwest. In this region, two sites were chosen: 
S1A-center that is located about 300 m far from the tannery and S1B-Planalto that is located 
about 5 km from the tannery. 

The presence of fungi also causes deposits of black particles on the leaves of various 
types of plants. In order to evaluate if the particles deposited in the plants sampled in Nova 
Esperança do Sul are from natural or anthropogenic origin, a site located in Lumiar (S2) (22° 
22′ 0.12″ S, 42° 12′ 0″ W, S2), district of Nova Friburgo, state of Rio de Janeiro, Brazil (Fig. 
1), about 100 km from Rio de Janeiro city, was chosen. This site is placed in a mountainous 
region, in the Atlantic Forest covering an area of 7 km2 and 5,000 inhabitants (IBGE 2016), 
without pollution of industries or traffic. Climate is warm and temperate with average annual 
precipitation and temperature of 1437 mm and 19.5 °C. 

Sampling
A total of three periods, May 2016 (P1), September 2016 (P2) and October 2017 

(P3), of sampling of leaves of cinnamon tree (Cinnamomum zeylanicum) was carried out 
at Nova Esperança do Sul, RS (S1). About 300 g of both leaves without particles on its 
surface (clean leaves, CLS1A and CLS1B) and leaves with particles for three periods at S1A 
(Fig. 1a) were collected (were no found leaves with particles at S1B). Additional dry leaves 
were collected at S1A (DLS1A). Soil samples (about 500 g) at surface and at 10 cm depth 
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were also taken adjacent to the trees from which leaves samples were collected (SS1A 
and SS1B). For comparison purpose, clean leaves (CLS2) and leaves of lemon tree (citrus 
limon) covered with similar black particles (PS2) (Fig. 1b) were collected at Lumiar, RJ (S2) 
on February 2017. Sampling collection was at a height of 1.5-2 m above the ground, using 
gloves latex, stored in self-sealing plastic bags and posteriorly transported to the laboratory.

Fig. 1 Location of the study area and samples collected in Rio Grande do Sul (Nova Esperança do Sul, 
S1) and Rio de Janeiro states (Nova Friburgo-Lumiar, S2).

Sample preparation and chemical analysis
In the laboratory, the deposited material (black particles) on leaf surface was removed 

carefully using plastic knife and stored in Falcon tubes (50 mL). The black particles, leaves 
and soil samples were dried in an oven at 50 °C until completely dried. Dried samples were 
grounded in agate ceramic mortar. The elements were extracted from 0.25 g samples using 
mixed-acid digestion method into a Teflon bottle (savillex) on a hotplate for 4 h at 250 °C (Bing 
et al. 2016). After digestion, the samples were cooled to room temperature and transferred 
into a Falcon tube (15 mL) and diluted with deionized water. The concentration of As, Ba, Cr, 
Cu, Fe, Ni, Pb, Sb, V, and Zn in the final solutions were measured by Inductively Coupled 
Plasma Mass Spectrometry (ICP-MS) Elan DRC II mass spectrometer (PerkinElmer, USA). 
Blank and triplicate samples were analyzed to provide quality control. The sample digestion 
and analysis procedure were checked using Certified Reference Material (CRMs), NIST 
SRM 1648a - Urban Particulate Matter and NIST SRM 1515 - Apple Leaves. Table 1 shows 
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the limits of detection (LOD) and limits of quantification (LOQ), and the extraction efficiencies 
of the CRMs used. As it is seen, extraction efficiencies higher than 80 % were obtained for 
most elements in both CRMs. 

Elements LOD

(µg g-1)

LOQ

(µg g-1)

CRM – Apple leaves CRM – Urban particulate matter
Certified value

(µg g-1)
Found value

(µg g-1)
%

Extracted
Certified 

value
(µg g-1)

Found value
(µg g-1)

%
extracted

As 0.004 0.013 0.038±0.007 0.041±0.011 108 115.5 ± 3.9 94.13 ± 4.21 81.5
Ba 0.11 0.36 49±2 45.13 ± 1.22 77.9 - - -
Cr 0.02 0.07 0.30 0.34 ± 0.03 113 402 ± 13 347 ± 10 86.3
Cu 0.01 0.04 5.64 ± 0.24 4.94 ± 0.51 87.6 610 ± 70 616 ± 21 101
Fe 4.16 13.73 83 ± 5 76 ± 7 91.0 39200 ± 2100 35320 ± 256 90.0
Ni 0.02 0.06 0.91 ± 0.12 1.02 ± 0.05 112 81.1 ± 6.8 80.3 ± 5.2 99.0
Pb 0.09 0.30 0.470 ±0.024 0.44 ± 0.03 93.5 6550 ± 33 6173 ± 21 94.2
Sb 0.002 0.006 0.013 0.012 ± 0.004 90.9 45.4 ± 1.4 29.41 ± 3.12 64.8
V 0.02 0.08 0.26 ± 0.03 0.30 ± 0.04 115 127 ± 11 138 ± 8 109
Zn 0.15 0.49 12.5 ± 0.3 13.40 ± 1.30 107 4800 ± 270 4286 ± 167 89.2

- Non reported.

Table 1 Limits of detection (LOD) and limits of quantification (LOQ) by ICP-MS and concentration of 
Certified Reference Materials of leaves (NIST SRM 151 – apple leaves) and PM (NIST SRM 1648 – 

urban particulate matter) used to evaluate the extraction efficiencies.

Statistical Analysis
One-way ANOVA (with Tukey post hoc test) was used to assess the significant 

differences (p<0.05)	 between pairs of means concentration among different sampling 
periods and sampling sites.

Using the measured concentrations of the elements, the enrichment factors (EFs) of 
each element to evaluate the source contribution have been calculated, as follow:

where Cx and Cn are the concentration of the element X and n in the sample and in the 
background. The “sample” refers to the concentrations of the elements present in the black 
particles removed from the leaves at S1 and S2, while the “background” for S1 consist in 
the average soil composition value of both soils (superficial and deep) collected surrounding 
and for S2 was considered the composition given by Taylor and McLennan (1985). In this 
work, Fe was used as reference. If enrichment factor is < 1, the element is depleted in the 
environment and natural sources are predominant. If EF > 1 means that the element is 
relatively enrichment in the environment, while EF > 5 suggests that a large fraction of the 



 
Pauta ambiental brasileira e a promoção da sustentabilidade Capítulo 6 68

element may be ascribed to anthropogenic sources (Wu et al. 2007; Enamorado-Báez et 
al. 2015). 

Cluster analysis (CA) was used to identify and characterize the association of the 
group of elements as well as to have idea the probable source origin. Statistical analyses 
were performed using CRAN R (R Team Core 2015) free software through of the following 
packages: ggplot2 (Wickham 2016), dplyr (Wickham et al. 2017), and ClusterofVar (Chavent 
et al. 2012).

RESULTS 

Descriptive statistics
Table 2 presents the elemental concentrations of As, Ba, Cr, Cu, Fe, Ni, Pb, Sb, 

V, and Zn measured and ANOVA results among leaves collected from: CLS1A, DLS1A, 
CLS1B, and CLS2. We can see from the Table 2 that there is a statistically significant 
difference (except Sb (p > 0.05)) among the different sites of collection (p < 0.05) for most 
of the elements measured. Dead leaves (DLS1A) show more elevated concentration values 
for most of the elements than CLS1A. However, it is very immature attribute the dead of the 
leaves to these elements. Difference between the elements measured in the leaves from S2 
and S1 may be ascribed to that are different species of tree and soil. 

Table 3 shows the elemental concentrations of As, Ba, Cr, Cu, Fe, Ni, Pb, Sb, V, and 
Zn analyzed and ANOVA results from black particles removed from the leaves collected at 
S1 (three periods, P1, P2, and P3) and S2 (PS2). All elements present higher concentration 
values at S1 than S2. Statistically significant differences were observed between the three 
periods and PS2 for most of the elements. Among periods was observed a similar tendency. 

Soil samples analysis collected at 300 m and 5.0 km far from tannery area (S1) are 
showed in Table 4. Metal concentrations in the deep soil and superficial soil showed minimal 
variation between them at 300 m of tannery area. Both soil analyses at 300 m present 
higher concentration values for all toxic metals than deep soils analysed at 5.0 km. 
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Element
S1 S2

CLS1A, 300 m
Mean ± S.D.

DLS1A, 300m Mean 
± S.D.

CLS1B, 5 km 
Mean ± S.D.

CLS2
Mean ± S.D.

ANOVA

As 0.37 ± 0.06 b 0.44 ± 0.05 ab 0.49 ± 0.04 a 0.15 ± 0.04 c ***

Ba 64.61 ± 5.44 a 63.18 ± 2.79 a 69.58 ± 2.79 a 27.19 ± 3.38 b ***

Cr 0.28 ± 0.04 c 3.82 ± 0.88 a 0.78 ± 0.08 c 2.58 ± 0.20 b ***

Cu 3.96 ± 0.30 c 6.57 ± 0.39 b 8.40 ± 0.68 a 2.59 ± 0.29 d ***

Fe 113 ± 8 c 135 ± 19 c 180 ± 35 b 573 ± 18 a ***

Ni 1.27 ± 0.11 c 2.40 ± 0.53 b 5.65 ± 0.58 a 1.51 ± 0.27 c ***

Pb 0.12 ± 0.03 b 0.15 ± 0.02 b 0.26 ± 0.03 a 0.29 ± 0.04 a ***

Sb 0.05 ± 0.01 a 0.03 ± 0.02 ab 0.02 ± 0.01 b 0.03 ± 0.01 ab 0.1079

V 0.12 ± 0.03 b 0.51 ± 0.14 a 0.42 ± 0.07 a 0.42 ± 0.04 a **

Zn 22.6 ± 1.3 b 21.3 ± 2.66 bc 18.4 ± 1.6 c 23.7 ± 1.4 b **

p Values on each horizontal line followed by the same letter do not differ significantly (p = 0.05). * 
Significance at 0.05 probability level. ** Significant at 0.01 probability level. *** Significant at 0.001 

probability level.

Table 2 Mean values (± standard deviation, S.D.) and results of the analysis de variance (ANOVA) of 
the elements measured in leaves without material deposited on surface collected in different at Nova 

Esperança do Sul (S1) and Lumiar (S2).

Element
S1 S2

ANOVAP1
Mean ± S.D.

P2
Mean ± S.D.

P3
Mean ± S.D.

PS2
Mean ± S.D.

As 3.75 ± 0.20 ab 4.12 ± 0.38 a 3.13 ± 0.62 b 0.34 ± 0.05 c ***
Ba 86.7 ± 2.6 ab 91.0 ± 3.0 a 82.8 ± 5.9 b 61.2 ± 1.8 c ***
Cr 68.7 ± 3.1 a 44.3 ± 1.9 b 51.7 ± 11.6 b 10.7 ± 1.0 c ***
Cu 18.41 ± 1.73 b 24.70 ± 2.47 a 26.48 ± 1.95 a 4.14 ± 0.46 c ***
Fe 7484 ± 189 a 7083 ± 259 a 7107 ± 825 a 4745 ± 123 b ***
Ni 4.01 ± 0.19 a 5.21 ± 0.19 b 5.31 ± 1.11 b 3.05 ± 0.32 b ***
Pb 5.10 ± 0.41 ab 7.40 ± 0.40 a 7.17 ± 2.43 a 2.97 ± 0.30 b **
Sb 0.37 ± 0.04 a 0.54 ± 0.05 b 0.29 ± 0.02 c 0.05 ± 0.02 d ***
V 23.7 ± 2.5 b 31.6 ± 2.5 a 24.8 ± 1.9 b 6.2 ± 0.3 c ***
Zn 75.6 ± 1.7 b 83.8 ± 4.7 a 79.5 ± 2.1 ab 30.3 ± 3.9 c ***
p Values on each horizontal line followed by the same letter do not differ significantly (p = 0.05). * 

Significance at 0.05 probability level. ** Significant at 0.01 probability level. *** Significant at 0.001 
probability level.

Table 3 Mean values (± standard deviation, S.D.) and results of the analysis de variance (ANOVA) of the 
elements measured in black particles collected at Nova Esperança do Sul (S1) during the three periods 

(P1, P2, and P3) and Lumiar (PS2).
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Elements

Deep soil Superficial Soil Deep Soil
5.0 km

Mean ± S.D. ANOVA
300 m

Mean ± S.D.
300 m

Mean ± S.D.
As 5.79 ± 1.20 a 5.92 ± 1.19 a 1.54 ± 0.34 b **
Ba 421 ± 22 a 358 ± 86 a 47.6 ± 1.4 b ***
Cr 47.78 ± 2.24 b 60.93 ± 3.82 a 5.43 ± 0.14 c ***
Cu 83.01 ± 2.15 a 70.81 ± 6.13 b 5.35 ± 0.18 c ***
Fe 54496 ± 1427 a 54940 ± 1486 a 4582 ± 249 b ***
Ni 13.68 ± 1.50 a 9.93 ± 0.83 b 2.10 ± 0.03 c ***
Pb 35.87 ± 2.77 a 34.03 ± 1.48 a 4.93 ± 0.67 b ***
Sb 1.24 ± 0.79 a 0.45 ± 0.07 ab 0.09 ± 0.02 b 0.051
V 167 ± 27 a 183 ± 29 a 18.97 ± 1.11 b ***
Zn 197 ± 5 a 209 ± 9 b 14.73 ± 2.14 c ***

p Values on each horizontal line followed by the same letter do not differ significantly (p = 0.05). * 
Significance at 0.05 probability level. ** Significant at 0.01 probability level. *** Significant at 0.001 

probability level.

Table 4 Mean values (±standard deviation, S.D.) and results of the analysis de variance (ANOVA) of the 
trace elements measured soil samples collected at 300 m and 5.0 km of distance from tannery area. All 

samples collected on October 2017.

Enrichment factor (EF)
The enrichment factors, for all elements in black particles for the three periods at 

site S1A (P1, P2, and P3) and S2 were calculated as described in statistical analysis, and 
is shown in Fig. 2. EF > 5, suggest anthropogenic influence, as it is seen here for Cr (all 
periods) and As (P1 and P2) in site SA1. Enrichment factors between 1 and 4 were found 
for the other elements, indicating slight enrichment of these elements in the environment. 
In site S2, EF < 2 was observed for most elements, except for Zn (EF ≈ 4). In general, EF 
values were in the order Cr > As > Zn > Ni > Cu > Sb > Ba > V > Pb, with Cr exhibiting 
always highest levels during the three periods of sampling at S1A.

Cluster analysis (CA)
Cluster analysis (CA) was applied to the data of soils (superficial and deep) and 

black particles removed from leaves (three periods) collected at site S1A. Elements with 
EF < 2 were not considered in CA. The resulting dendrogram from these toxic elements 
revealed two main groups: Cr constitutes the Group I, while Sb (subgroup 2A), As, Ni, 
Cu, Zn (subgroup 2B) constitute the Group 2. These results suggest that Group I has 
anthropogenic origin, while Group 2 may have a mixture of anthropogenic sources (As, Ni, 
Cu, and Zn) and soil particles (Sb).
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Fig. 2 Comparison among EFs of the elements measured on black particles removed from leaves in 
Nova Esperança do Sul, RS (S1) (three periods P1, P2, and P3) and Lumiar, RJ (S2). Fe is used as 

reference element.

Fig. 3 Dendrogram representing the grouping of elements based on analysis of black particles removed 
from leaves of the three sampling periods and soil samples collected at Nova Esperança do Sul, RS 

(S1A). 

DISCUSSION
Concentration levels of Cr obtained near tannery area for both soils and black 

particles were always higher than samples collected at 5.0 km and in Lumiar site. In terms 
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of EFs, Cr and As total were clearly enriched in the three sampling periods at Rio Grande 
do Sul (site S1A), which are likely associated with anthropogenic activities. Leather industry 
is one of the industries considered as major source pollution of chromium because use 
significant amounts of chromium salt during tanning process (Kimbrough et al. 1999; Dixit 
et al. 2015). In the study area, chromium-tanned leather has been used for many decades 
to the manufacturing of a large variety of products; therefore the enrichment of this element 
may be attributed to tannery industry. Arsenic is a metalloid belongs to Group 15 of the 
periodic table and occurs naturally in the environment (Wilson et al. 2010). However, this 
element was recognized as a potentially harmful element (Morais et al. 2012). Arsenic is 
used in the manufacture of several products such as glass, ceramics, electronics, cosmetics, 
but also is used in agricultural activities through of pesticides, herbicides formulations (Zhou 
et al. 2018) and biocides that usually are used to wastewater treatment effluent (Bollmann et 
al. 2014). The land in the study area is used to produce a variety of products, such as corn, 
soy, tobacco, cassava, sugar cane and rice, where agrochemical are usually employed 
by farmers. Like other industries do not exist in this area, we may to affirm that a big part 
from As is related to agricultural activities. For instance, Zhou et al (2018) determined As 
concentrations in arable soils and found an increasing accumulation trend compared over 
past decades, which is related with the long-term application of phosphate fertilizers in 
agricultural practice.

In relation to the other elements Ni, Pb, Ba, Zn, Sb, V, and Cu was observed low 
enrichment of these metals in this area. These elements usually are related to vehicular 
sources (Akiyama 2006; Matti Maricq 2007; Amato et al. 2009; Kertész et al. 2010), and its 
low enrichment may be attributed to that this region is a rural area with reduced vehicular 
fleet. 

The Group 1 of CA shows clearly Cr as a separate variable, which is consistent with 
the fact that chromium is a key element in tanning process to obtain leather. Sb is a metalloid 
occurring naturally in the environment as trace elements (Wilson et al. 2010). However in 
the last decades Sb is associated to traffic due to that several parts of vehicle contain Sb 
alloys and other Sb compounds (Fujiwara et al. 2011; Hu et al. 2015; Sanchez-Rodas et al. 
2017). As it is seen in the subgroup 2B, arsenic is a little separated of the other elements, 
which may indicate that is released from anthropogenic sources but no necessarily of the 
same source of Ni, Cu and Zn. Arsenic also occurs naturally and it is noted their relation with 
Sb. Both elements were related to anthropogenic activities that can produce adverse effects 
to humans and the environment (Cooper and Harrison 2009). 

CONCLUSIONS
This study evaluated the content of toxic elements in a region surrounding a large 

tannery area, located at Nova Esperanca do Sul, Rio Grande do Sul, Brazil. The results of 
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the analysis of black particles collected near leather industry show higher concentration of 
all elements analyzed in the three sampling periods (approximately two years) compared 
to an area rural (Lumiar). In the same way, soil samples (both deep soil and surface soil) 
collected around tannery area shown higher concentration for all elements than deep soil 
collected to 5.0 km of distance. Enrichment factor higher than 5 were obtained for Cr (three 
periods) and As (two periods) suggesting anthropogenic influence of both elements. EF > 
4 for Ni, Pb, Ba, Zn, Sb, and Cu were found. Cluster analysis related Cr to leather industry, 
whereas As was related to the use of pesticides or herbicides. 
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