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HYDROGEOCHEMISTRY INVESTIGATIONS, USING TECHNICAL-SCIENTIFIC APPROACH, IN FAZENDA
DE ITAQUI DRAINAGE BASIN, SITUATED IN THE INFLUENCE AREA OF GLAZED CERAMICS
INDUSTRIES OF SANTA GERTRUDES, BRAZIL — INITIAL RESULTS"

André Luiz Bonacin Silva®
Raphael Hypolito®

In Brazil, although heavy metals and other inorganic compounds contamination or pollution
studies in soil, groundwater and surface water have been carried out since some decades, generally,
they don’t take into account an integrated and detailed view, from the source and form of waste
disposal, the behavior and mechanisms of mobility and fixation of these compounds in soil or
sediments, until their dynamics in the hydrogeological cycle.

The comprehension of the hydrogeochemical behavior of these potentially contaminants
related to industrial waste and sludge disposal in tropical soils and adjacent water resouces,
studying water — soil / sediments / rocks - contaminant relationship, will add an important
contribution to the knowledge of the anthropic intervention consequences related to hydrological
and geochemical cycles.

In this paper, environmental diagnosis and initial monitoring and experimental results are
presented, as well as geophysics and hydrogeological field investigations. The studied area,
Fazenda de Itaqui drainage basin (in the city of Santa Gertrudes, Brazil), had received rich-lead
glaze and pigment / coloring industrial effluents and sludge, which were inadequately disposed in
this basin, which is surrounded by the industries. Occasionally, local contamination or pollution
problems also include other metals or elements, such as zinc, boron, chromium, nickel, copper and
zirconium.

A technical-scientific detailed research project has been developed by USP - University of
Sdo Paulo since the end of 1998, including solid (soil, bottom stream and lake / pond sediments),
liquid (groundwater, surface and rain water) and industrial material (raw, effluent / waste and other
industrial materials used in the glazed ceramics assembly line) sampling and examination.
Laboratory experiments, including selective sequential extraction, sohxlet extractors and column
experiments has been carried out.

The main objective of this research project has been the evaluation of the availability and
behavior of potentially toxic substances (Pb, Zn, B and others) to local environment, as result of
glazed ceramics industrial waste disposal.

! supported by FAPESP, under grants 98/06842-1, 97/12827-2 and 98/06845-0

% geologist, post-graduation researcher, Department of Sedimentary and Environmental Geology (GSA), Institute of
Geosciences (IGc), University of Sdo Paulo (USP), Brazil, Rua do Lago, 562, 05508-900, S@o Paulo, SP, Brazil, phone:
+55 11 97888176, FAX: +55 11 37313351, e-mails: geobonacin@hotmail.com or geobonacin@yahoo.com.br

3 Prof. Dr., Department of Sedimentary and Environmental Geology (GSA), Institute of Geosciences (IGc), University
of Sio Paulo (USP), Brazil, coordinator of FAPESP research project, e-mail: raphael.hypolito@br2001.com.br
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) i.st?; investigations, using technical-scientific approach,
in Fazenda de Maqui drainage basin, situated in the influence area of
glazed ceramics industries of Santa Gertrudes, Brazil — initial results

Prof. R. Hypolito, Dr. & A. L. Bonacin Silva

Department of Sedimentary and Enviranmental Geology (GSA), Institute of Geosciences (IGe), University of
Sdo Paulo (USP), Sdo Paulo, Brazil, raphael hypolito(@br2001.com. br or geobonacin@yahoo.com. br

ABSTRACT: The investigated area, situated in Fazenda de Itaqui drainage basin, Santa Gertrudes, Brazil, had
received rich-lead glaze and pigment / coloring industrial effluents and siudge, which were 1nadequately dis-
pased in this basin. A technical-scientific research project has been developed, including the sampling and
examination of soil, sediments, groundwater, surface water, rainwater and industrial materials, as well as hy-
drogeological and geophyswal investigations, These studlee have been carried out as much in the impacted
area as in a reference area (“background™), situated out of influence of the industrial activities. lmtlal analysis
in impacted areas have showed that lead is a contaminant in soil and sediments (150-14,700 mg.kg™). Tn wa-
ter samples, it has been dvtvcted in very heterogeneous concentrations in monitoring wells (30-2,000 Og L")
and rainwater (20-1,500 Og. L 1, but in low concentrations in superficial water samples of lakes ponds and
streams (generally < 10 Og.L™"). Some experiments have been done to study the behavior of mainly lead and
their results show that lead tends to be fixed by the soil and sediments. On the other hand, boron tends to be
present in hlgh concentration in all environments, mainly in water samples (up to 504 mg.L™ in groundwater
and 125 mg.L" in superficial water). Other metals, such as zinc, chromium, nickel, copper and zirconium, are
occasionally present as contaminants, mainly in soﬂ and sediments. These studies are in progress and will be

detailed during next research stages.

I INTRODUCTION

In Brazil, although heavy metals and other inorganic
compounds contamination studies in soil, ground-
water and surface water have been carried out for
some decades, generally, they dan’t take into ac-
count an integrated and detailed view, from the
source and form of waste disposal, the be‘lavmr and
mechanisms of mobility and fixation of these com-
pounds in soil or sediments, until their dynamics in
the hydrogeological cycle.

The comprehension of the hydrogeochemical be-
havior of these potentially contaminant compounds,
related to industrial waste disposal and release in
soil / sediments - water - contaminant relatlonshlp,
will add an important contribution to the knowledge
of some anthropic intervention consequences related
to hydrological and geochemical cycles. It is also
important for the risk assessment and the required
waste management.

As an example of this sort of study, one of the
main objectives of this research is the evaluation of
the availability and behavior of potentially toxic
substances (mainly with Pb, B and Zn) to local envi-
ronment, as result of glazed ceramics industrial
waste disposal and effluent release.

The studied area is inside the main ceramics in-
dustrial complex of Brazil (>50% of national pro-
duction), situated in Santa G@.r.t_rud@s.

This research is part of a larger project, entitled
“Management of industrial waste disposal and asso-
ciated potentially contaminated areas, in Santa
Gertrudes glazed ceramics industrial complex, state
of Sdo Paulo, Brazil” (Silva et al., in press), which is
also in progress.

2 STUDIED AREA

Fazenda Ttaqui drainage basin, sifuated in the city of
Santa Gertrudes (Fig. 1), had received glaze and
pigment/coloring industrial effluents and sludge,

which were inadequately disposed or thrown on this
basin surrounded by those industries (Fig. 2, at the
end of this paper). Fazenda Itaqui stream is an afflu-
ent of Corumbatai river, one of the main water re-
sources of the region.

The same environmental investigations have been
done in a reference area (“background”, Fig. 1),
situated out of influence of the industrial activities,
about’ 5 km far from the investigated area and with
similar pedo-geological and topographic conditions,
to make possible a comparison of the results.
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Cli ~tc of Santa Gertrudes is Cwa in terms of
Képp:  class™ cation, with annual average precipi-
tatior. ' 1,301 mm (DAEE, 1998).

Pc: an Corumbatai Formation (Pc) crops out in

the ¢ ', constituting reddish-brown, reddish-purple
or 2 actured and non-fractured mudstones. Be-
cau-. . this ¢pecific situation, regional hydrogeol-
ogy  .udes non-regular layers of aquitards (non-
frac:. = d mudstones) and "fractured sedimentary aq-
uifers  “fra~tvred mudstones). These ones present
local : i aracteristics and are related to geo-
tectc  eve. or basic intrusions.

Bie des, o0 e are unconsolidated sediments, a
mix ' wvaste .sposed by industries on rich-clay re-
cent vial t rrains. They are situated in the lower
arco. " th ninage basin, and constitute a sedi-
mer - teccntined local aquifer, main object of

gro. wvater investigations (area of detail studies,
Fig. .

1 L ‘ical base is a sill of basic igneous

rock- ! ‘ral Formation.

3 N M0 DOF INVESTIGATIONS

A tc “~ntific detailed research project has
bcen _. ., including solid (soil; stream, lake
ard ; »d .« m sediments), liquid (groundwater,
swifa o 2 water) and industrial material (raw,
efi'u tc | other industrial materials used in

the glazed ceramics assembly line) sampling and ex-
amination (examples in Photographs 1-4).

Contamination have been situated in terms of
historic reconstitution of industrial waste disposal in
Fazenda Itaqui drainage basin, and recent expansion
of the production of Santa Gertrudes ceramics in-
dustrial complex (Silva et al., in press).

Field investigations were done to describe physi-
cal and hydrological conditions: geology-pedology
characteristics, hydrological-hydrogeological local
cycle and physical processes such as erosion and
sanding up.

Hydrogeological investigations included bail-
down and slug tests in monitoring wells (Fig. 3), use
of permeameter in non-deformed samples (lab ex-
periments), and auxiliary investigations: geophysics
including GPR, EM and ER investigations; study of
aquifer-river-lake hydrological relationship etc.

Photograph 1. Ashed-
white glaze waste disposal
and industrial effluent
throw in an abandoned
industrial area, upstream
Fazenda de Itaqui
streams, pounds and
lakes.

g.'(’ e 3 S Y
Photograph 2. White glaze

Photograph 3. White glaze

waste disposed on sediments waste disposed on sediments
of a stream.

of the margin of a lake.

Photograph
4. Glazed-
ceramics in-
dustrial
waste
(mainly
shiver), as
result of in-
dustrial pro-
cesses
losses.
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Laboratory experiments, including selective se-
quential extraction (Tessier et al., 1979; Becket,
1989) and sohxlet extractors (Hypohto 1972) ex-
periments have been carried out.

All these investigations have been correlated to
reach the integrated hydrogeochemical model of the
investigated area.

4 INITIAL RESULTS

Lead is used as melt fastener in glazes used as ce-
ramics ground cover. As result of industrial proc-
esses losses, a lead-rich pasty waste is produced (in
general, also other metals-rich, such as Zn, Cr, Ni,
Cu, Al, Ba and Zr, as well as boron). This waste also
includes pigment and coloring industrial materials,
used as part of art-design in ceramics ground cover.

The process of the waste “stabilization” used by
local industries includes the increasing of pH with
chemical products, which causes the precipitation of
a pasty solid sludge. The floating solution is re-
moved and recycled.

In the past, part of this sludge was disposed and
the floating solution was released in the surrounding
areas of Fazenda Itaqui stream, causing their con-
tamination.

Lead average concentration in natural superficial
soils is 32 (3-189) mg.kg" (Kabata-Pendias & Pen-
dlas 1984), most of them between 10 and 67 mg.kg

Accordmg to the Environmental Agency of the
State of Sdo Paulo, Brazil — CETESB (CETESBf
1997), concentrations in soil over 100 mg.kg
probably reflect pollution /contamination effects.

The main factors which influence the availability
and behavior of lead in soil are: pH; soil texture;
mechanisms of sorption; clay and clay minerals,
oxides and organic matter content and nature (Ka-
bata-Pendias & Pendias, op. cit.; Alloway, 1995).

Initial investigations have showed that the lead
content in soil in the studied area is 150-14,700
mg.kg™ in impacted areas, which, 1n comparison to
“background” area (30-60 mgkg") and bibliogra-
phy, indicates contamination.

Those values vary as a function of the nature of
solid material. Generally, local typical soils are red-
dish-purple to brownish-red, very heterogeneous,
colorful, have high content of clays (40-70%) and
their main mineralogy includes kaolinite, illite,
quartz and a variety of oxides, mainly iron and alu-
minum ones.

In bottom sediments profiles of lakes, ponds and
streams, collected by piston-core samplers, the
shorter the depth the higher the concentrations: 229-
1570 mg. kg in shorter depths (0 — 0.25m) and 21-
99 mgkg" in deeper ones. This behavior indicates
that industrial waste disposal or release (anthropic
intervention), in addition to transport and deposition
of sediments (physical processes), has caused con-
tamination in bottom sediments. Besides, the higher
concentrations are much higher than those found in
bottom sediments of the reference area: 20-39
mg.kg’l.

In soil log samples obtained from the drilling of
monitoring wells in the impacted areas, the higher
concentrations are related to saturated zone and in
shorter depths (500-14,700 mg.kg"), with anoma-
lous lower concentratlons right above water table (<
500 mg.kg™), in this case, probably coincident with
capillary fringe.

In water samples, it has been detected in very
heterogeneous concentrations of lead in monitormg
wells (30-2,000 pg.L"' in impacted areas, in com-
parison to 1-10 pgL™ m the reference area) and
rainwater (20-1,500 pg.L™"), but in low concentra-
tions in surface water samples of lakes, ponds and
Fazenda Itaqui stream (generally < 10 pgL™,
much in impacted areas, as in the reference one).

In surface water, lead has a legal water quality
standard related to Fazenda Itaqui stream class of 30
ng.L" (federal Brazilian law) or 100 pg.L™" (state of
Sao Paulo law) According to Moore (1989), lead
concentration in surface water is typically <50pg.L”

!, There are no Brazilian standards for lead concen-
tration in groundwater but federal limit for drinkin
water is 50pg.L™.

In relation to rainwater, it seems that particle
material has an important role in lead concentration
found in monitoring pluviometers (20-1,500 pg.L” )
In this case, it also has been detected higher concen-
trations of fluoride and boron in rainwater samples,
which can be associated to the pollution caused by
the industrial oven gaseous wastes during the proc-
ess of ceramics burning.

The higher concentrations in groundwater are re-
lated to landfill or disposal areas, which constitute
local recent alluvial unconfined aquifer surrounding
Fazenda Itaqui stream. In these areas, hydrogeologi-
cal basement is composed by mudstones of Permian
Corumbatai Formation and main hydrogeological
characteristics are: water table depths = 0-0.75m;
hydraulic gradients = 0.022-0. Olm/m hydrauhc
conductivity = (2.3 - 9.9) x 107 m. s
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In the reference area, pH of groundwater samples
is between 5.5 and 6.5 and TDS content is low, gen-
erally < 50mg.L". In the impacted areas, ground-
water has pH between 7 and 8.5 (up to 9.5 in asso-
ciation with industrial actual effluents) high content
of TDS (generally > 500mg.L™") and alkalinity, and,
in some cases, negative Eh.

The increase of pH, TDS and alkalinity is associ-
ated to water percolation and lixiviation in places
where industrial wastes were disposed. On the other
hand, the negative values of Eh appear in flood areas
(with low hydraulic gradients) and / or locals where
the content of organic matter is relatively higher.

Besides, the correlation between different kinds
of analysis permitted to indicate: higher values of
pH in groundwater, higher content of clay and CEC
(cation exchange capacity) in soil and sediments and
low groundwater flow contributed to fix lead in solid
materials (soil, sediments). It is a dynamic process,
which includes physical and chemical processes, ac-
celerated by anthropic interventions.

Sequential extraction experiments (Hypolito, in
prep.) have been done in samples of bottom sedi-
ments and soil. The results, although preliminary,
have showed that main part of extractable lead in
impacted areas is related to oxides (15-45%) and or-
ganic matter (18-65%). Sometimes lead is also re-
lated to carbonates (5-32%), particularly in the cases
with higher pH and alkalinity, and associated to
saturated zone. In the reference area, extractable lead
is mainly related to oxides (generally > 50%).

It must be observed that the process of impact in
the studied area is the result of natural processes
(erosion, sanding up, climate seasons and variations)
and anthropic contribution (waste disposal, liquid ef-
fluent throw, acceleration of natural processes re-
lated to land use). Inside this situation, lead tends to
be fixed by soil and sediments, and with the excep-
tion of nearby mainly contaminated areas, the con-
centration in water samples is low. Comparing ex-
tractable solutions in reference and impacted areas,
it also seems that, during those processes, organic
matter is more selective in comparison to oxides.

Boron has a concentration of 36-334 mg.kg™
soil samples (hlgher values in saturated zone) and
37-478 mg. kg in bottom sediments (higher values
in shorter depths) in impacted areas, higher to 1efer-
ence areas, respectively, 38-45 and 30-49 mg. kg™

In water samples the concentratlon of B in
groundwater is 139-504 mgL in 1mpacted areas
(3.6-4 mg.L"" in reference area) and lower in surface
water (lakes ponds, springs and streams) until 125
mg.L™'. Thus, although boron is present in all envi-
ronments, its concentration is relatively higher in

~water samples and in the impacted areas.
' Occasionally, zinc, chromium, nickel, copper,
barium and zirconium are present in high concentra-
tion, mainly zinc in soil and sediments.

Higher concentrations of zinc in 1mpacted areas
are present in soil (133-2, 930 mgkg") and bottom
sediments (148-4,195 mgkg’ 1, much higher than
those found in the reference area, respectively, 72-
113 and 43-88 mg.kg™.

5 CONCLUSIONS AND NEXT STEPS

Preliminary investigations have showed that lead is
the main contaminant in groundwater, soil and
sediments. Boron is present in high concentration
mainly in water samples. Table 1 shows the Pb, B
and Zn results comparison among study area, refer-
ence area and standards / bibliography.

From the correlation among all analysis results;
the understanding of anthropic, physical and chemi-
cal processes; actual industrial materials analysis re-
sults and past registries of the ceramics industries
activities, the contamination or pollution by Pb, B,
Zn, Cr, Ni, Ba and Zr, when present in the studied
area, can be associated to waste disposal or throw of
effluents of ceramics industries.

All these studies are in progress and will be de-
tailed during next stages of research which will in-
clude: (a) soil / sediment — water interactions and
study of behavior and mechanisms of mobility and
fixation of contaminant metals; (b) the role of boron
in the hydrogeochemical local cycle and its envi-
ronmental consequences; (c) the evaluation of sus-
pension sediment — surface water metal parting; (d)
monitoring of a tropical storm event and its envi-
ronmental local consequences; and (¢) complemen-
tary experiments. These investigations will lead to
an integrated hydrogeochemical model of the inves-
tigated area.

The results of this study will be added to a larger
project of management of industrial areas (Silva et
al., in press), whose pilot project is Santa Gertrudes.
Remediation and / or mitigative emergency actions
are also in progress.

Besides, about the glazed ceramics industrial
waste, it will be done its technological characteriza-
tion in parallel to the improvement of industrial pro-
cesses to avoid losses and decrease the quantity of
waste.
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Figure 2 Studied area, with Fazenda Itaqui stream and associated lakes, surrounded by ceramics industries, Santa Gertrudes, Brazil.

Table 1. Pb, B and Zn analysis - initial results - comparison among studied area, reference area and standards.

Type of sample Element Studied area (impacted areas) Reference area (out of industrial zone) Standards
Ground- Pb 30-2,000 pug. L 1-10 pg.L" 50 pg. L7 (1)
water B 139 - 504 mg.L"! 3.6-4mglL’ 50mgL" (2)
samples Zn 132 — 504 pg.L"! 3-10 pgL’ 5,0 mg.L” (1)
Surface Pb 1-30 ug.L” 1-8 ug.L” 30 (3)— 100 (4) pg.L"
water B <1-125mglL" <1-5mglL’ 0,75 (3) mg.L"!
samples Zn 6—45pugL’ 3-8 pgL’ 0,18 (3)=5,0 (4) mg.L"
Bottom Pb 21-1,570 mg.kg'I 20 - 39 mg kg -
sediment B 37 -478 mg.kg 30 - 49 mg kg’ -
samples Zn 148 - 4,195 mg kg 43 - 88 mg kg -
Soil Pb 150 - 14,700 m%.kg" 30 - 60 mg.kg” -
samples B 36— 334 mgkg 38 — 45 mg.kg -

Zn 133 - 2,930 mg kg 72 - 113 mgkg

(1) Brazilian federal drinking water limit, 1990; (2) Guidelines for Canadian Drinking Water Quality, 1987; (3) limit to rivers of
class 2, Brazilian federal law, 1986; (4) limit to rivers of class 2, state of Sdo Paulo law, Brazil, 1976. All analysis were done in Ac-
tivation Laboratories, Ancaster, Canada, and Quimlab, Sdo José dos Campos, state of Sao Paulo, Brazil.

The authors are also thankful to: geologist
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