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Abstract—The aim of this research is to identify and
investigate the pollution sources inside the Romanian harbor
of Black Sea from Constanta, by monitoring the quality water
parameters. Furthermore we will try to disseminate the
information collected and we will propose adequate actions to
prevent the continuous degradation of the environment.
Several sampling sites were established around the Port zone
and analyses were carried monthly. Physical and chemical
indicators of the water quality, nutrients compounds,
Dissolved Oxygen (DO), petroleum/hydrocarbons pollution
indicators, Salinity, Sulfides, Cu, Cr and Fe are the monitored
quality parameters. The values of quality-monitored
parameters are variable in quasi-large ranges, depending on
the position of the sampling sites. A direct correlation
between these indicators can be done. Water pollution causes
loss of biomass, affecting some organisms until they disappear
and also blooms of phytoplankton destroying the ecosystems,
due to the loss of oxygen from the water. The most important
measures to remediate the area were building dams, cleaning
residual water, building areas of protected water, and
building special places to collect the residues, to prevent
direct discharge in the surface water. In our research we try
to make an interesting presentation of the neural simulation
model of the wide database concerning the water pollution
degree inside of Constanta port strategic location, and based
on this, to predict the future results.

1. INTRODUCTION

S EVERY kind of pollution eventually ends up in wa-

ter, the hydrosphere is the most polluted domain. Wa-
ter is very important in nature, and its protection must be
considered when thinking about the future of our planet.
The water is one of the most crucial factors with a high
impact to the quality of the live. Also is obviously that the
development of the maritime port and all other latter
operations developed inside of this one have an important
impact on the local environment.

To attract the attention of the world community about the
high risk of the pollution on the environment is worth to
mention several international meetings such as the Interna-
tional Workshop, held in Constanta, Romania- July 22-23,
2008: “Planning for sustainable development and imple-
mentation of strategies for the protection of wetlands,
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lakes and protected areas along the Black Sea Coast”.
According to this we also mention the strong activity of the
Balkan Environmental Association (B.E.N.A) in different
European countries such as Romania. B.E.N.A and
TUBORG Romania Company developed during 2001-2008
the Program “Better Environment and life in Romania” for
funding research projects and scholarships. Moreover
B.EN.A, during 2001-2007, in collaboration with
Romanian private companies funded 138 research projects
and 108 scholarships for young scientists.

II. Tue GENErRAL PRESENTATION OF THE ConsTtanTAa PorT

The Port of Constanta is situated on the western coast of
the Black Sea, at 179 nM from the Bosphorus Strait and 85
nM from the Sulina Branch through which the Danube
flows into the sea. It covers 3,926 ha of which 1,312 ha is
land and the rest of 2,614 ha is water. Completion works on
the southern side have already started to host new terminals
in a favoured zone with high water depth. The two
breakwaters located northwards and southwards shelter the
port creating the safest conditions for port activities. The
present length of the North breakwater is 8,344 m and the
South breakwater is 5,560 m. With a total quay length of
29.83 km, the Port of Constanta has a present number of
145 berths, of which 119 are operational berths with depths
between 2 and 19 meters. Such water basins being the
deepest in the Black Sea allow the accommodation of
tankers and bulk carriers of 220,000 DWT. Located at the
cross-roads of the trade routes linking the developed
countries of Western Europe and the emerging markets of
Central Europe with the suppliers of raw materials from the
CIS, Central Asia and Transcaucasia, the Port of Constanta
is the main Romanian port and the largest port in the Black
Sea. It has a geo strategically position being located on the
route of two Pan-European Transport Corridors: river
Corridor VII (Danube) and rail-road Corridor IV. In the
southern part of Constanta Port there is a river-maritime
sector, which allows the accommodation of maritime
vessels and river vessels as well. The two satellite ports
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Midia and Mangalia are located close to the port of
Constanta and perform a vital function in the overall port
framework.

The Port of Constanta offers a lot of advantages, among
which, the most important are:

a. multi-purpose port with modern facilities and suf-
ficient depth to accommodate the largest Canal

b. vessels passing through the Suez direct access to
the Pan-European Corridor VII, through the
Danube Black Sea Canal, providing a shorter and
cheaper waterway transport towards Central Eu-
rope than the routes using the Northern Europe
ports;

c. good connections with all modes of transport: rail-
way, road, river, airway and pipelines;

d. the New Container Terminal on Pier II South, in-
creasing the container operating capacity;

e. future expansion planned;

f. Ro-Ro and Ferry-boat terminals suitable for the
development of short sea shipping serving the
Black Sea and the Danube riparian countries;

g. New status of Port of Constanta, "port with cus-
toms facilities";

h. Free trade zone that offers financial benefits,
namely free trade and profit taxes.

The network of motorways, railways, waterways and
pipelines turn the port of Constanta into the ideal
multimodal transport center for any type of cargo bound for
various destinations. Millions of tons of cargo moving
annually through Constanta are carried from or to
hinterland markets and end-consumers. Nowadays,
Constanta together with Midia and Mangalia Romanian
ports continue to be developed permanently to accomplish
the needs of the increasing world trade. Fast, reliable and
efficient transportation of goods is rendered at European
standards on the eastward-westward commercial 20 axis.
Port infrastructure is connected to the Pan-European
Transport Corridors defined at the Pan-European Transport
Conference in Helsinki in 1997 and supported by the
European Union (EU): river Corridor number VII and
railroad Corridor number IV as well as the "TRACECA"
Corridor.

III. Tre ImpacT OF THE CONSTANTA PORT DEVELOPPMENT ON THE
ENVIRONMENT

The Port of Constanta enjoys a top position as one of the
major European bulk centres. Dry bulk is represented by:
iron and non-ferrous ore, grain, coal, coke. These types of
cargo are operated in specialized terminals located next to
the river-maritime basin that can operate both maritime
and river vessels, with direct transhipment on barges. Other
quantities of dry bulk cargoes operated in the Port of
Constanta are: cement, construction materials, phosphate
etc. The two specialized terminals that operate iron ore,
bauxite, coal and coke have 13 berths, with depths up to 19
m. The terminals can operate both maritime and river
vessels, with an unloading rate over 45,000 tons/24 hours
(respectively 2,000 tons/hour/each bridge) from maritime
vessels and a loading rate into barges of 2,000 tons/hour.
The storage capacity is 4.7 million tons simultaneously and
the annual operation capacity is over 27 million tons. The
port's terminals operate iron ores, bauxite, coal and coke.
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250,000 dwt vessels and above can be accommodated and
river units are operated in direct or indirect transhipment.
The main liquid bulk cargoes are represented by crude oil
and oil products. The Oil Terminal can operate tanks with
capacities up to 165.000 dwt, being equipped with
specialized facilities for loading and unloading and
connected with the pipeline system. The Port of Constanta
has a specialised terminal for the import of crude oil and
other oil products and for the export of refined oil products,
oil derivatives and other liquid chemical products. Liquid
bulk can also be transhipped into river vessels to various
European destinations or carried through pipelines within
the domestic hinterland. Pipelines network connects the
port with the main refineries in the country thus securing
fast transportation. The oil terminal is equipped with the
most modern and efficient fire and pollution fighting
facilities.

There are specialized terminal where: fertilizers,
phosphate, urea, apatite and other chemical products are
operated. The terminal has 10 berths with depths up to 13.5
m where they operate dry bulk and general cargoes. There
is storage capacities over 100,000 tons and the operation
capacity is 4.2 million tons/year. Vessels up to 30,000 dwt
can be accommodated and the total operation capacity of
phosphates is 30,000 tons.

There are two other specialized terminals in the Port of
Constanta that operate bulk cement and cement in bags.
The dry cement terminals have covered warehouses
equipped with facilities for bagging and operating 24
hours/day. The transhipment of dry bulk can be made
directly from barges in maritime vessels with floating
pneumatic equipments. Four container terminals operate in
the Port of Constanta with a throughput that has registered
an ascendant trend over the last 10 years. A marked
tendency of containerization and the steady growth of the
container traffic in the Port of Constanta has required the
development of new container handling facilities. Recently
a new container terminal became operational in the south
part of Constanta Port-Pier IIS, being designed to allow the
accommodation of Post-Panamax container ships and
undertake an annual capacity of 325,000 TEU’s in the first
stage and up to 1,000,000 TEU’s in the final stage. All
range of services for general cargo is efficiently provided by
stevedoring companies. There can be handled food,
beverages and tobacco, paper and cardboard, cellulose,
rolled metals, machine parts, bagged cement and other
break bulk cargo in the Port of Constanta [16].

The Port of Constanta has two Ro - Ro terminals
equipped to handle any type of vehicle and Ro-Ro cargo.
Exports of Romanian vehicles to Brazil, Columbia, China
and Turkey are operated at two specialized link-span
berths. The Ferry-Boat terminal offers exceptional
facilities for the freight loaded in wagons, containers, and
trucks transported by ferry vessels and liner services on the
Black Sea. There is suitable equipment for loading and
unloading trains using the normal European railway
standard. The terminal has five rail tracks for vessel
boarding and the wagons are operated using ship's gear.

The new Passenger Terminal is located in the North of
the Port of Constanta, on the North Breakwater, at the pas-
sengers berth. Destination for many Danube and also mar-
itime cruise routes, the Port of Constanta is offering the
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best conditions for berthing of both river and maritime
cruise vessels, facilitated by the existing depths at the new
terminal. The existing mooring length is 293 m; the quay
depth is 13.5 m, ensuring the mooring of big vessels, with
drafts up to 10-11 m.

Located near the historic area of the Constanta city and
the Tomis touristic Port, the new Passenger Terminal has
an operation capacity of 100,000 passengers/year, being the
most recent investment able to increase the activity on the
Romanian seaside.

Finally we could also identify several industrial sites pol-
lution sources, namely petroleum, phenols, suspended
solids, zinc, chromium, heavy metals, copper, cyanide,
hexavalent chromium. All these activities and pollution
sources have a big impact on the quality of the maritime
water. Generally speaking, among the main goals of the
Romanian Environmental Department, different European
environmental institutions such as Balkan Environmental
Association (B.E.N.A) we can mention the following:

a. examine and appraise the current problems of en-
vironmental protection on a regional, national and
international basis. More specifically, B.EN.A. is
concentrating upon the problems concerning the
protection of people, animals and plants in the
Balkan region from the harmful effects of chemi-
cals or climatic changes,

b. advise the regulatory bodies of the various Balkan
countries about decisions concerning the evalua-
tion of the risk of chemicals and physical agents,

c. develop international cooperation on reducing
transboundary pollution. Also, to engage in activi-
ties on environmental pollution, as that affects
public health,

d. develop strategies and options for the environmen-
tal protection of the Balkan rivers, lakes and wet-
lands,

e. develop the environmental quality management
systems for the Balkan region,

f. develop international programs for the restoration
and the sustainable improvement of the ecological
safety of cross-border regions,

g. plan and organize scientifically events and activi-
ties on environmental issues.

The potential negative impact of the harbour activity
could be interpreted by water pollution, marine sediments
contamination, bottom sea habitat degradation, ecological
marine and fishing zone damages, beach and esplanade
area erosion, waste deposit, petroleum products leakage,
flood and accidental losses of petroleum products, toxic
substance emission and air pollution, noise and the
vibrations, etc.

The environmental factors that we have to take into con-
sideration during the development process of building port
are divided in the following nine groups: water quality,
coast hydrology, the sea bottom contamination, marine and
coast ecology, air quality, noise and vibrations, deposit
management, design quality, social and cultural impacts.
The water quality includes other five elements that will be
taken into consideration in our research. The coast
hydrology includes the following factors: marine currents,
esplanade changes, beach erosion, waste deposit, etc. The
sea bottom contamination includes aspects concerning
several types of contamination of the bottom deposit with

toxic and dangerous substances, petroleum products, fat
mixtures, and other materials. The marine and coast
ecology include the aquatic fauna and flora, composed by
many kind of bacteria, phytoplankton, zooplankton, and
other microorganisms. The air quality supposes the
existence of other two main elements: soot and dust, SO , ,
CO, NO , concentrations, hydrocarbons from the cargo,
vehicles and different harbour equipments. The noise and
the vibrations generated by the route and naval traffic, and
other naval operations cause a lot of discomfort to the
people from the neighbourhood. The waste management
concerns the liquid and solid tailings, commonly deposited
in the harbour neighbourhood [16].

IV. PorrutioN DEGREE ANALYSE INSIDE OF CONSTANTA NAVAL
ACQUATORIUM

In our research we consider only the following
indicators:
a. Physical indicators, namely the temperature, elec-
tric conductivity, turbidity
b. Chemical indicators:
-G eneral indicators: pH, Salinity, filtered
tailing at 105 [ °C ]
-Oxygen regime: Oxygen dissolution, CBO s
- Nitrogen compounds
-P ollution indicators: petroleum products,
Sulphured compounds, Phenol, heavy metals
The samples were taken from the surface waters and
the tested place was the naval Constanta Acquatorium from
the barges sector. The maximum temperature available is

30 °C]. The increasing temperature amplifies the

intensity of the incident that come with accidental pollution
situations (hydrocarbons, used waters).

The values of the electric conductivity measured “in-
situ” indicate variations of the water conductivity inside the
range: [12.72 mS/cm, 28.05 mS/cm].

The water pH values take normal values inside the
range: [6.5, 8.5], according to the European standards.

The water turbidity represents an estimation indicator
of the degree of the suspended particles inside the water or
of the specific pollution ingredients and varies between 7
and 30 FNU. The water TDS is a general indicator of the
water Salinity (it reveals the increase of the dissolved salt
content) that varies inside the range: [8.2, 17.2].

The ratio TDS/conductivity is an indicator of the water
eutrophication that records high values inside the range:
[0.6, 0.7] and reveals the presence of the increased concen-
tration of the nitrogen compounds.

Oxygen compounds are represented by the dissolved
oxygen inside the water, saturation degree %DO and CBO s
(biochemical Oxygen consumption after 5 days).

Sulphured compounds inside the tested water samples
in small limits reveal discharges of the used waters,
decomposition of the residual hydrocarbon compounds that
dominate in all the control sections of the Acquatorium.
The heavy metals compounds namely Cu and Cr, where
identified in average concentrations of 0.015 mg/l under
available limit.

The petroleum products record significant values over the
available maximum limits, and become the main indicator
of the pollution. It is worth to mention that in the
composition of the all tested samples dominate the residual
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heavy nitrogen compounds with high remain in time, that
indicates a permanent pollution of the residual water with
hydrocarbons.

The physical indicators are presented in Table I,
chemical indicators in Table II, and the pollution indicators
(heavy metals and Cu) and the petroleum
products/hydrocarbon indicators are represented in Tables
I-IV, where LMA represent the maximum limit
admissible, MAX is the maximum value and MIN is the
minimum value.

V. NEURAL SIMULATOR DESCRIPTION

The ANN is capable of learning the relationships
between inputs (manipulated and disturbance variables)
and outputs of the process based on its past history . These
neural networks usually involve very simple dynamical
schemes as nodes, and very complex networks of
connections, an approach known as connectionism. Once
the neural model of the process is build, off-line trained, it
can be continuously on-line updated, in real-time, by
minimizing the difference between its predicted output

value, Y, and its target value f . Their architectures are

presented in Figure 1-2 [15] and represent computational
models that consist of a number of simple processing units
(neurons), placed in layers (input, hidden, output) that
communicate by sending signals to each other over a large
number of weighted connections . The simplified network
diagram shown in Figure 1 is a full-connected, four layers
(input, output and two hidden) feed-forward, perceptron
neural network.

Fig.1 : 1-4-3-1 neurons simplified multilayer perceptron architecture

Fully connected means that the output from each input
and hidden neuron is distributed to all of the neurons in the
following layer and feed-forward means that the values
only move from input to hidden to output layers; no values
are fed back to earlier layers as a recurrent network does.
The detailed full-connected, feed-forward, multilayer
perceptron network diagram is shown in Figure 2 .

U Activation Functimn
u  Matrix W z1

Matrix V¥ Y
ul

u2

u3

C O
Weight matrixW eight matrix2Vv

Hidden layer Outputlayer

Inputlayer

Fig.2 : 3-4-2 neurons detailed multilayer perceptron architecture
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All neural networks have an input layer and an output
layer, but the number of hidden layers may vary such in
figures 1-2.

When there is more than one hidden layer, the output from
one hidden layer is fed into the next hidden layer and sepa-
rate weights (matrix W) are applied to the sum going into
each layer. The processing units transport incoming
information on their outgoing connections to other units.
The signal information is simulated with specific values

stored in those weights Wl.]. that make these networks have

the capacity to learn, memorize, and create relationships
among experimental input-output data set. Each unit j can
have one or more inputs, but only one output. An input to a
unit is either the data from outside of the network, or the
output of another unit, or its own output. The total input to
unit j is simply the weighted sum of the separate outputs
from the connected units plus a threshold or bias term (

6,.6,..... 8. Most units in neural network transform their

net inputs by using a scalar-to-scalar function called an

activation function o (sigmoid function), given by:

e (D
Ax

1+e

O =

where A represents the learning rate of the neural
network scheme [15]. For lack of complex descriptions a
sigmoid function is often used. A sigmoid curve is
produced by a mathematical function having an "S" shape,
represented in Figure 3 [15].

1—

Fig. 3 : The sigmoide activation fonction

Recently, empirical models derived from neural networks
have been shown to offer advantages in both accuracy and
robustness over more traditional statistical approaches
(regression methods).

VL NEURAL StmuLaTOR Back-Propacation (BP)
TRAINING SCHEME

Our goal in this research is to determine appropriate neu-
ral-models for our water quality indicators . The
experimental input-output data set will be used to train
feed-forward neural networks using an error back-
propagation algorithm. We will focus our attention on
matching model predictions with measurements for
network learning and generalization . For this purpose we
investigate the simulation with neural networks consisting
of three layers (input, hidden, output) or more, configured
in different architectures trained by the Levenberg-
Marquardt back-propagation error algorithm [1], [8] . The
number of hidden neurons and layers are varied to provide
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optimal network performance. The development of an
optimal neural network structure is complicated by the fact
that back-propagation networks contain several adjustable
parameters for which the optimal values are initially
unknown. These include structural parameters (such as the
number of hidden layer neurons, initial weights and biases)
as well as learning parameters (such as the learning rate,
momentum, and error goal). The learning rate determines
the speed of convergence by regulating the step size.
However, the network may settle far away from the global
minimum of the error surface if the learning rate is too
large. On the other hand, smaller rates can ensure stability
of the network by diminishing the gradient of noise in the
weights, but result in longer training times. For this reason
the algorithm could be improved by introducing an
adaptive learning scheme which decreases considerably the
training time. A smaller training tolerance usually
increases learning accuracy, but can also result in less
generalization capability as well as longer training time.
Conversely, a larger tolerance enhances convergence speed
at the expense of accuracy in learning. It is shown in the
literature that a single hidden layer is sufficient for learning
any function, but the number of hidden neurons can grow
without a bound. This of course, may result in a network
with a large number of connections which defeats the main
purpose of having an accurate prediction. By increasing the
number of hidden layers, each consisting of sigmoid nodes,
the complexity of the network can increase more rapidly
than the number of connections. The optimum network
architecture should have a minimum number of
connections and produces a low cross-validation error.
Development of neural network models typically consists of
considerable training and testing. The objective is to find a
network that will perform well on the test data. Network
performance is measured by the root mean squared error
[RMSE) [6], which is given by :

_ e (1)
1+e%¥
where n is the size of the test set, }; is the measured value

of the output, and j/,« is the estimated response provided by

the neural networks. To avoid over fitting it is
recommended to limit the number of neurons to the fewest
as possible, as long as the network converges to the desired
error level, and cut off the training once that error was met.
One of the most problems that occur in many applications
could be the over-fitting. The error on the training set is
driven to a very small value, but when new data are
presented to the network, the error is large. The network
has memorized the training examples, but it has not
learned to generalize to new situations. One method for
improving network generalization is to use a network that
is just large enough to provide an adequate fit. If we use a
small enough network, it will not have enough power to
over-fit the data.

V. NEURAL SiMULATOR RESuLTS

We will start to build several architectures of neural
networks in different successive layers with each layer

having fewer units than the previous layer. Every time a
new layer will be build, a single unit, called the master
unit, will be added. Then step-by-step additional units will
be added. At every step the neural network will be trained
and the forecasting performance will be estimated. The
whole process will be repeated until a larger network did
not sufficiently contribute to the forecasting performance.
In the process of network design selection, we will test
every neural network structure for different horizons; all
calculations will be performed by using MATLAB 7.5
(R2007b) software, Neural Network TOOLBOX. We will
use the back-propagation algorithm that automatically
supervise the testing and record the neural network
performance.

After extensive testing of possible structures of neural
network designs we will select the best neural network
architecture that performs very well. The layers of a
multilayer network play different roles. Multiple-layer
networks are quite powerful. We underlined one important
contribution of neural networks--namely their elegant
ability to approximate arbitrary nonlinear functions. This
property is valuable in time series processing, especially in
the forecasting field. However, it should be noted that
nonlinear models are not without problems, both with
respect to their requirement for a large database and careful
evaluation, and with respect to limitations of learning or
estimation algorithms. To avoid over fitting we will limit
the number of neurons to the fewest as possible as long as
the network converges to the desired error level, and cut off
the training once the error was met. In simulation
environment we found that our neural simulator performs
well using two-hidden layer 1-10-6-1 architecture.

Before training the network weights and biases off-line
they are initialized wusing Nguyen-Widrow, initial
conditions (small random values). From the preliminary
simulation results in our research, the network parameters
could be very well initialized, for example, to the following
values: error goal = 0.025, learning rate = 0.02 and
momentum = 0.95. The back-propagation algorithm
attempts to minimize the error between the output of the
network and the target or desired response in weight space,
using the method of gradient descent in conjunction with
Levenberg-Marquardt relaxation [10]. The simulation
results are presented in Figures 4-10. In Figure 4 is
represented the neural models of the temperature, in figure
5 is represented the water conductivity neural model, in
figure 6 we could see the pH-neural model of the water, in
figure 7 is represented the water salinity neural-model. The
HS, heavy metals and petroleum products concentrations
neural- models are represented in figures 8-10. We remark
from these simulation results a very good capacity of
learning input-output map of the experimental data set, and
a very good capacity of generalization.

VI. ConcrLusion

This research work is dedicated to investigate the
possibility of applying several neural network architectures
for simulation and prediction of the performance of the
water chemical and physical quality indicators inside the
Constanta Romanian Port. Therefore we explore different
neural networks architectures to build several neural



536

models based on the experimental data set provided by the
“In-situ” samples measurements sites. Due to the black box
nature of neural networks, users of forecasts may feel some
discomfort if they are unable to give proper physical
interpretation to the estimated relationships. On the other
hand, it is very difficult to yield a specific functional form
that is to be used for empirical verification of the theory. In
such cases, neural networks have a great advantage over
traditional methods. A researcher can start with a large
network and prune it to the most efficient form.
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TasLe [

PHYSICAL INDICATORS

Month/Indicators Temperature [ ° C] Conductivitate [mS/cm]
Min Average Max LMA Min Average Max LMA
January 11,3 12,4 13,4 30 13,35 21,27 24,88 28.05
February 8,6 9,2 11,4 30 26,61 27,263 27,64 28.05
March 14,1 14,6 15,9 30 26,61 27,03 2741 28.05
April 15,3 15,91 16,7 30 11,77 16,51 18,38 28.05
May 20,8 21,35 21,8 30 15,64 17,475 19,12 28.05
June 21,5 21,62 21,7 30 12,72 20,95 23,34 28.05
July 17,1 17,83 20 30 17,91 26,21 28,05 28.05
August 28,5 29,6 30,8 30 15,9 23,46 24,94 28.05
September 25,1 25,64 26,4 30 18,75 21,54 23,19 28.05
October 19,1 19,22 19,4 30 20,65 25,67 27,69 28.05
November 13,3 14,05 14,9 30 23,6 26,40 27,43 28.05
December 11,9 13,3 14,6 30 17,55 20,9 23,07 28.05
TasLe I
CHEMICAL INDICATORS
Month/Indicators pH € [6 -8,5] Salinity [mg/1]
Min Average Max LMA Min Average Max LMA
January 7,065 7,372 7,60 6-8,5 7,60 12,55 14,8 8.2-17.2
February 7,21 7,69 7,97 6-8,5 16,0 16,42 16,6 8.2-17.2
March 6,72 6,75 7,22 6-8,5 0,6 7,7 8,6 8.2-17.2
April 7,86 8,041 8,26 6-8,5 6,6 9,6 10,8 8.2-17.2
May 8,72 8,92 9,17 6-8,5 9,1 10,3 11,4 8.2-17.2
June 8.4 8,96 9,2 6-8,5 9,1 14,32 16,02 8.2-17.2
July 7,30 8,00 8,39 6-8,5 10,5 15,9 17,2 8.2-17.2
August 7,78 8,47 8,76 6-8,5 9.4 14,32 15,3 8.2-17.2
September 8,01 8,37 8,02 6-8,5 11,1 12,96 14,0 8.2-17.2
October 7,23 7,61 7,92 6-8,5 12,3 15,89 16,9 8.2-17.2
November 7,24 7,38 7,55 6-8,5 14 15,87 16,5 8.2-17.2
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TasLe I11
POLLUTION INDICATORS (HEAVY METALS)
Month/Indicators HS [ mg/1] Cu [ mg/l
Min Average Max LMA Min Average Max LMA
January 0,009 0,0011 0,0027 0,1 0,034 0,045 0,068 0,2
February 0,004 0,0015 0,0025 0,1 0,023 0,044 0,066 0,2
March 0,0032 0,0064 0,0189 0,1 0,028 0,042 0,092 0,2
April 0,0011 0,0017 0,0024 0,1 0,031 0,064 0,071 0,2
May 0,002 0,024 0,042 0,1 0,042 0,053 0,075 0,2
June 0,008 0,0083 0,04 0,1 0,044 0,052 0,17 0,2
July 0,005 0,0012 0,03 0,1 0,0234 0,032 0,074 0,2
August 0,071 0,056 0,149 0,1 0,034 0,0547 0,715 0,2
September 0,006 0,0231 0,076 0,1 0,043 0,055 0,069 0,2
October 0,004 0,0016 0,0027 0,1 0,056 0,065 0,086 0,2
November 0,003 0,0014 0,0019 0,1 0,027 0,058 0,089 0,2
December 0,009 0,015 0,02 0,1 0,04 0,045 0,06 0,2
TaBLe IV
PETROLEUM PRODUCTS/IIYDROCARBONS INDICATORS
Month/Indicators Petroleum products (Total hydrocarbons) [mg/1]
Min Average Max LMA
January 3,082 9,459 18,352 0,1
February 2,106 4,740 11,066 0,1
March 1,098 2,872 6,731 0,1
April 3,852 5,972 12,354 0,1
May 2,418 5,015 9,405 0,1
June 3,056 4,561 5,271 0,1
July 0,505 3,854 6,987 0,1
August 3,672 8,098 19,247 0,1
September 3,050 8,361 24,300 0,1
October 1,630 8,027 22,680 0,1
November 2,293 2,952 3,469 0,1
December 2,842 15,559 57,231 0,1
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Changes in heawy metals concentration (Qu) during the year
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