Journal of Ecological Engineering
Volume 17, Issue 3, July 2016, pages 161-168
DOI: 10.12911/22998993/63311

Research Article

IDENTIFICATION OF DANGER ZONES FOR SURFACE WATER

USING GIS (SIP) - MAPINFO SYSTEM ON AN EXAMPLE OF
UPPER NAREW RIVER CATCHMENT

Mirostaw Skorbitowicz', Elzbieta Skorbitowicz'

! Bialystok University of Technology, Wiejska 45A, 15-351 Bialystok, Poland, e-mail: m.skorbilowicz@pb.edu.pl

Received: 2016.03.16
Accepted: 2016.06.01
Published: 2016.07.01

ABSTRACT

Creating the buffer zones is a function intended to designate an area in particular,
of a constant distance around the spatial objects. The aim of the study was to cre-
ate maps as thematic layers, which served to identify areas of existing and potential
contamination of surface water and other environmental elements. Among others, it
made possible to localize the areas potentially affected by the surface water pollution
due to transport; localize the areas potentially affected by the surface water pollu-
tion due to the discharge of sewage from human settlements; localize the zones with
mitigated impact of communication emissions due to the natural protection of forests
taking the form of so-called geochemical barriers. The spatial analyzes allowed to
generate model-zones of the existing and potential threat of water pollution in the
Narew river catchment. Designated danger zones can be verified by studies as well as
they can be very helpful in determining the monitoring network and for water quality

modeling process.
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INTRODUCTION

Spatial Information System (SIP), Geo-
graphic Information System (GIS), and Land
Information System are used interchangeably in
most publications. The SIP involves the process
of acquiring, processing and publication of data
related to spatial characteristics of objects (l1zdeb-
ski 2008). Currently, methods of GIS are appreci-
ated and widely used around the world because
of great opportunities and easy access for their
use. They are used in various kinds of research
related to the protection and shaping the environ-
ment (Helis and Goérecki 2013, Klimczak and
Galant 2009, Nowicka and all 2014, Stabton and
all 2015, Nowicka and all 2015). The use of geo-
metric features of software referring to SIP can
be very useful for spatial analysis of interesting
phenomena, e.g. assessment of specific objects
distribution. One of the applications is to buffer
vector data; it is designation of areas within a cer-

tain distance from elements of a particular layer:
points, lines, polygons (Glinski 2010). The threat
of the natural environment, including the aquatic,
due to anthropogenic influences can be analyzed
on the basis of the so-called buffer options. Group
of the neighborhood analysis is based mainly on
creating the buffers around spatial objects (points,
lines, polygons) and aims at setting a specified
radius area surrounding a particular object. De-
termination of the buffer area is used to identify
objects within a certain distance from the object
having the harmful impact on the environment
and to determine what objects can be exposed in
a hypothetical zone of influence (Potawski 1998).
The process of cartographic modeling can use a
spectrum of analytical functions. Myrda (1997)
applied software Maplnfo to incorporate the as-
sumptions of cartographic modeling. His choice
resulted from great analytical and utility oppor-
tunities of desktop GIS-type package. Benefits of
GIS software is also confirmed by the large num-
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ber of users. Creating the buffer zones is a func-

tion intended to designate an area in particular,

constant distance around the spatial objects.

The aim of the study was to create maps being
the thematic layers, which served to identify areas
of existing and potential contamination of surface
water and other environmental elements. Among
others, it made possible to:

e localize the areas potentially affected by the
surface water pollution due to transport;

e localize the areas potentially affected by the
surface water pollution due to the discharge of
sewage from human settlements;

e localize the zones with mitigated impact of
communication emissions due to the natural
protection of forests taking a form of a so-
called geochemical barriers;

¢ localize the zones of mitigated impact of vari-
ous pollutants to waterways by natural pro-
tecting of forests;

e localize the zones within surface waters poten-
tially threatened by pollution from agricultural
sources.

METHODS

In spatial analysis, the buffer is most often de-
termined the polygon surrounding a given object
or a group of objects. It is defined by specifying
the distance (limit values) of its stroke from the
stroke of other objects. The point and linear ob-
jects can be buffered from the outside, while buf-
fers of polygons can be created on both the exter-
nal and internal side (Urbanski 2012).

Zemanek et al. (2009) created a buffer zone
of 150 meters from the main and local roads in
the analyzed municipality. For items such as: a
strip of land along the railway routes and stations,
the investigators have designated the protection
zones (buffers) of 50 meters wide.

Map of buffers on traffic and rail routes show
the extent of the impact of transport pollution on
lands adjacent to these roads. Imposing the buf-
fers on the network of streams aimed at isolating
the protection zones. The idea of protection zones
consists in that such a buffer is determined along
the stream, within which any contamination poses
a particular threat to water quality. Watercourses
were divided into three classes, which have been
given some weight depending on their size. Na-
rew River is the watercourse with the highest
weight, while Orlanka river received an average
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weight, and other watercourses got the lowest
weight. The adopted classification stems from the
fact that the larger watercourse, the more envi-
ronmental damage is entailed due to its pollution.
The largest watercourse (the Narew river) was
overlapped with the buffer of 120 meter width,
the average ones (e.g. the Orlanka river) — 60 me-
ter wide buffer, whilst the small watercourses —
buffer of 40 meters width. It was accepted that
road had buffers of 300 meter width.

Numerical implementation of GIS work was
carried out in two phases.

The first phase consisted of the introduction
of data using GIS Maplnfo software version 4.1
for Windows. Data was collected from manual
digitization of raster obtained by scanning a pa-
per map on the monitor screen. The data source
was the topographic map at a scale of 1: 200,000.
As a result of digitization, the following thematic
layers were created: watercourses, roads and rail-
ways, rivers, forests, fields and grasslands, buf-
fers, as well as villages.

The second phase - data analysis aimed at the
localization of places where surface waters be-
come contaminated.

Localization of areas potentially influencing
the surface water pollution from roads was creat-
ed when the zones of threat due to transport were
put onto the thematic layer of the watercourses
network map. The map helped to localize sec-
tions of watercourses under the influence of pol-
lution from roads. These are pollutants that enter
the water by falling the dust on the water surface.
These contaminants are also settled on the ground
during rainfall along with the surface or subsur-
face runoff and get into the flowing waters.

Localization of areas potentially affecting the
surface water pollution by discharge of sewage
from human settlements is the result of the impo-
sition of the boundaries of the built environment
on the protective zoning map (buffers) along wa-
tercourses. Adverse effects of settlements on the
watercourse is greater the closer watercourse they
are located, while the largest, when they are situ-
ated within the protective buffer of the river.

Localization of zones with mitigated impact of
transport emissions due to the natural protection
of forests was created by combining the forested
area with road buffers (dangers). It was assumed
that forests provide a protection against transport
pollution through absorption of their large load,
and thus there is a possibility to localize the areas
where less intense effects can be expected.



Journal of Ecological Engineering Vol. 17(3), 2016

Localization of zones with mitigated impact
of pollution on watercourses due to natural for-
ests protecting was created by overlapping the
map showing the area of milder emissions from
road onto the map of protection zones (buffer)
along watercourses. The aim of the operation will
be to verify whether forests actually have the lim-
iting effect on water pollution.

Localization of areas potentially threatened
by area-based pollution (among others, increased
supply of nitrogen and phosphorus) from agri-
cultural fields and grasslands was made after the
imposition of watercourse network buffer layers
onto the layer with grasslands and fields as well
as layers of towns (villages).

During the process of computer analysis,
there is a possibility to make more models. In
this case, the limitation occurred due to the na-
ture and possibilities of computer printout that is
not able to convey so much information as direct
computer analysis.

After completing the necessary models, for-
mat of their output files was changed from Map-
Info into jpeg to facilitate their transfer and print-
ing on different computer platforms and systems.
For this purpose, graphics software Micrografx
Picture Publisher was alternatively used.

RESULTS

A detailed distribution of predicted water pol-
lution zones of upper Narew river catchment was
shown in the following models (Figures 1-20).
Due to the high level of details, magnification of
separate areas for the same models were made to
present the most important localizations of the
analyzed zones.

Figures 1 and 2 show the localization of
model zones of watercourse pollution risk from
roads. Model zones were developed after imposi-
tion of the buffer layer (fixed distances illustrat-
ing the extent of contamination — 200 m from the
road edges on both sides) on the model layer of
watercourses. Common areas of buffers and wa-
tercourses are a potential communication danger
for the upper Narew river. Figure 3 shows one of
the zones, in which buffers imposed on the roads
(scope of probable pollution) that have points in
common with watercourses in the area, are vis-
ible. At these points along the river Sections of
approximately 400 m long were formed, where
river pollution can be predicted, were created at

these points along the river. At point 5, there are 2
buffers next to each other forming a total of 800 m
danger zone, which is the sum of the two commu-
nication routes interaction. Figures 1 and 2 pres-
ent places where there are crossroads of many
tracts resulting in a sum of their adverse effects.
At these points, as well as other ones that are
within the communication pollution range, it is
particularly recommended to monitor the bottom
sediments of rivers, which are located in the areas
of risks posed by both car and train transport.
Figures 4, 5, 6, 7, 8, and 9 illustrate models,
in which buffer zone layer (protective) of rivers
overlapped with the layer of constant distances
from settlement units being general risk zones
due to human settlements. Combination of these
models gave the resulting model on which the
danger zones of the upper Narew rivers due to
human settlements (villages and towns) can be
localized. These zones should be under a constant
control of environmental services. Protective buf-
fer along Biata river (Figure 6) and melioration
ditch Lubka was imposed on the zone of Bielsk
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Figure 1. Localization of zones vulnerable to surface
water pollution due to transport.

O - danger zone, red lines — buffers of roads.

Figure 2. Localization of zones vulnerable to surface
water pollution due to transport.
o - danger zone, red lines — buffers of roads.
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Figure 3. Localization of zones vulnerable to surface
water pollution due to transport (neighborhood of
Narew and Awissa rivers)

O - danger zone, red lines — buffers of roads.
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Figure 4. Localization of zones vulnerable to surface
water pollution due to sewage from human settle-
ments.

o - danger zone, green line — protection buffer

of watercourses, red figures — settlement units

Podlaski town interaction. In addition, this model
(Figure 6) allows to read the length of section
subjected to possible contamination. Figures 7, 8,
and 9 present risk zones for Suprasl river due to
Michatowo and Grodek as well as due to Lapy
town for Awissa river and Uhowo for Narew
river. The model-buffer threat zones from human
settlements are directly superimposed on the pro-
tection zones of watercourses Suprasl, Awissa,
and Narew allowing e.g. determination of control
points in the process of river waters monitoring
and conducting the technical activities upon wa-
ter protection.

Model figures 10, 11, 12, and 13 present
the zones of mitigated transport impact on riv-
ers due to natural protection of forests and other
biogeochemical barriers. These zones were cre-
ated after the imposition of potential contamina-
tion zones model (buffer of 400 m width) from
the transport on a thematic model-layer of for-
ests and shrubs. Combination of the buffer layer
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Figure 5. Localization of zones vulnerable to surface
water pollution due to sewage from human settle-
ments.

O - danger zone, green line — protection buffer
of watercourses, red figures — settlement units

Figure 6. Localization of zones vulnerable to surface

water pollution due to sewage from Bielsk Podlaski.

O - danger zone, green line — protection buffer
of watercourses, red figures — settlement units

with the forest layer gave the resulting model
on the base of which the opportunity to desig-
nate zones with softened impact of transport
pollution to watercourses and streams within
the catchment was created. Part of road buf-
fers in some sections are overlapped with for-
est areas, which almost completely isolate these
fragments from their negative effect not only on
watercourses, but also on the soils. In addition
to the marked zones, there are many others that
can be read from these models, but directly on
the computer screen. Printing capabilities in this
regard are strongly limited. Figure 12 shows the
magnified example of such zone type. Section of
Narew river is subject to quite limited influence
of the transport because of the isolation of threat
buffer-zones by forest areas. Similar situation
can be observed in model No 13, where part of
road sections run within forest boundaries that
in some fragments form the protection zones for
watercourses and soils.
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Figure 7. Localization of zones vulnerable to surface Figure 9. Localization of zones vulnerable to surface

water pollution due to sewage from Michatowo and water pollution due to sewage from Michatowo.
Grodek. O - danger zone, green line — protection buffer

O - danger zone, green line — protection buffer of watercourses, red figures — settlement units

of watercourses, red figures — settlement units

Figure 8. Localization of zones vulnerable to sur- Figure 10. Localization of zones with mitigated
face water pollution due to sewage from Lapy and impact on rivers due to natural forest protection and
Uhowo. other geochemical barriers.
o - danger zone, green line — protection buffer O - protection zone, green shape — forest, red
of watercourses, red figures — settlement units lines — buffers of roads
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Figure 11. Localization of zones with mitigated Figure 12. Localization of zones with mitigated im-
impact on rivers due to natural forest protection and pact on rivers due to natural forest protection.
other geochemical barriers. O - protection zone, green shape — forest, red
O - protection zone, green shape — forest, red lines — buffers of roads

lines — buffers of roads
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Figures 14, 15, 16, and 17 illustrate the re-
sults of modeling the water threat zones localiza-
tion of the upper Narew river area with nitrogen
and phosphorus compounds. The zones delimited
in Figure 14 include areas adjacent to rivers Na-
rew, Loknica, and Czarna. These areas and others
presented in the subsequent figures were created
by combining the buffer-protection zones of riv-
ers with grasslands and fields areas. Tangential
or overlapping areas gave the resulting models,
which are specific zones of danger for surface wa-
ters. Designated model threat zones shown in Fig-
ure 14, especially meadows and pastures in the
upper Narew river catchment area form a regular
zone-band separating the watercourses from the
other forms of terrain, including fields. They form
a kind of protective zone for watercourses in the
Narew river valley, decisively affecting the low
levels of e.g. nitrate nitrogen in Narew river water
and other watercourses. Figure 15 shows greater

number of designated zones of threats due to ni-
trogen and phosphorus from fields. These zones,
among others, cover the neighborhood of an ini-
tial fragment of the Suprasl river. The analyzed
areas are dominated by agriculture with meadows
and pastures. The Suprasl river protection zones
are exposed to the impact of these areas. Figure 16
presents designated zones-models, that cover The
Narew National Park, which is likely to be ex-
posed to the impact of surrounding fields and pas-
tures. Figure 17 illustrates the zones of nitrogen
and phosphorus supply risk for the Orlanka river.
These zones include typically agricultural areas
that cover almost all protection-buffer surface of
Orlanka river. Figures 18, 19, and 20 present mod-
els of grasslands distribution along Narew river.
The grasslands often play the role of pastures.
Therefore, the area can be considered a direct
threat zone, among others, due to ammonia sup-
ply into rivers, around which they are localized.

Figure 13. Localization of zones with mitigated im-
pact on rivers due to natural forest protection.

O - protection zone, green shape — forest, red
lines — buffers of roads

o

Figure 14. Localization of zones potentially threat-
ened by nitrogen and phosphorus penetration into
surface water from the fields and grasslands.

- danger zone, yellow shape — fields, green
dotted shape — grassland, green shape — forest
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Figure 15. Localization of zones potentially threat-
ened by nitrogen and phosphorus penetration into
surface water from the fields and grasslands

- danger zone, yellow shape — fields, green
dotted shape — grassland, green shape — forest

Figure 16. Localization of zones potentially threat-
ened by biogens pollution, surface water from the

fields and grasslands.

> - danger zone
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Figure 17. Localization of zones potentially threat-
ened by biogens pollution, surface water from the
fields and grasslands

- danger zone, yellow shape — fields, green
dotted shape — grassland, green shape — forest
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Figure 18. Range of grasslands along Narew river.
Green dotted shape — grassland

Combining with the fields, they form summa-
rized areas being an existing or potential risk for
aqueous environment, which requires systematic
monitoring and analysis.

CONCLUSIONS

1. The spatial analysis allowed to make models-
zones of the existing and potential threat of pol-
lution of waters in the Narew river catchment.

2. Designated danger zones can be verified by
studies as well as can be very helpful in de-
termining the monitoring network and during
water quality modeling process.

3. GIS technique allowed to predict and forecast
the localization of the site where contamination
of both surface waters and other environmental
components, can occur.

4. The software of GIS Maplnfo class fulfilled
its task in spite of some imperfections related

Figure 19. Range of grasslands along Narew river.
Green dotted shape — grassland

Figure 20. Range of grasslands along Narew river.
Green dotted shape — grassland

to its version, which no longer belongs to the
newest ones.

5. GIS modeling should be routinely used in stud-
ies and spatial modeling of larger areas, in par-
ticular river catchments.
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