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The present study deals with the assessment of the quality of natural waters by the use of
chemometric interpretation of monitoring data from physicochemical parameters and toxicity
tests. The data set consists from data originating from the Turawa reservoir (surface water,
sediment core water and groundwater). All 154 samples were analysed for 33 physicochemical
parameters as well as for acute and chronic toxicity by respective biotests. The monitoring
results were considered both separately (chemical and toxicity data) and simultaneous in order
to identify pollution sources in the region and to detect correlation between chemical and toxicity
tests. The chemometric methods applied were cluster and principal components analysis. The
identified latent factors responsible for the data structure resemble the impact of sources like
marine influence, water hardness, turbidity, nutrition etc. It is quite interesting to detect that
there is no direct high correlation between chemical and toxicity data, which is an important
indication that the water quality has to be assessed by both groups of parameters. Still, some
indications for the formation of acute and chronic toxicity by some chemical parameters are

found and discussed.

Keywords multivariate statistics, natural waters, sediments, toxicity, water quality

INTRODUCTION

The careful monitoring of natural water systems like river
streams, lakes, wells, and underground sources is a very re-
sponsible task. Usually, a set of chemical and physicochemical
parameters reflecting the surface or underground water quality
are carefully analysed and the results obtained are compared
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to certain threshold values in order to decide if the water qual-
ity meets the quality desired. The choice of quality parame-
ters is normally standardized and described in various instruc-
tions and directives for individual countries or unions like the
EU (1-4). Recently, a very specific attention requires a dif-
ferent type of water quality parameter called “toxicity” (“eco-
toxicity”) (5-10). It is well known that biological tests are al-
ready often applied to environmental samples, especially water
for drinking purposes but in the case of testing toxicity, the
aim is to determine the level of pollution in the systems of
interest.
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Chemical analysis enables the detection, quantitative deter-
mination and identification of organic and inorganic pollutants,
but does not provide information about the potential negative im-
pact of environmental compounds on particular components of
ecosystems. This is because chemical analysis does not consider
(11-13):

e all the compounds present in the environment,
o the bioavailability of their different forms, or
o their different biological activities.

A complementary approach, taking into account the above-
mentioned facts, can include the application of biotests. More-
over, usage of biotests enables the detection of toxic effects of
the combination of many different pollutants in a sample. Syn-
ergistic as well as antagonistic effects can be observed (14-16).

Bioassays provide data about the effect, without pinpointing
the substances and the potential source. Therefore, a tool is nec-
essary for providing toxicity data as well as an identification
of the compounds causing the effects. An integrated approach
based on parallel application of bioassays and chemical analysis
is the most powerful tool for the assessment of environmental
pollution (17, 18).

Very often, however, the monitoring data are considered in
a “univariate” way—each parameter separately. In reality, the
state of an ecosystem depends simultaneously on many factors
and parameters. Therefore, these systems are multivariate in na-
ture. That is why the classification, modeling and interpretation
of the monitoring data sets have to be performed by the use of
the chemometrics and environmetrics (19-28), where the refer-
ences given are only a tiny part of many environmetric studies.
The specific point in this particular study of natural waters and
bottom sediments is that there is a lack of intelligent data anal-
ysis of monitoring sets with simultaneous estimation of both
chemical (physicochemical) and toxicity parameters.

The aim of the present study is to interpret monitoring data
from the region of Turawa Lake (Poland) where water and sed-
iment samples were chemometrically tested for both chemical
and toxic content. The final assessment of the quality of the
ecosystem and the possible pollution sources will make it pos-
sible to reveal various relationships between the quality param-
eters and the systems studied.

MATERIALS AND METHODS

Description of Region

The Turawa Lake is located in southwest Poland within the
Opole voivodship and belongs to municipalities of Turawa and
Ozimek. This artificial reservoir was built on Mata Panew River,
which together with two other rivers, the Libawa and the Rosa,
flow directly into the lake. The area of the lake is approx. 20 km?,
and the volume of retention equals 106 million m?, whereas
the total area of the lake catchment occupies 1424 km?. An
average annual temperature equals to 8.2°C and average negative
temperatures from —4.7 to —0.6°C occur in December, January

and February with 32 frosty days. The warmest months are July
and August with temperature 18.4°C and 17.6°C, respectively.
An average annual precipitation in this region fluctuates from
651 mm (the Siedlec station) to 788 mm (the Géra Swigtej Anny
station), whereas calculated values of evapotranspiration ranges
from 390 mm to 540 mm. The forest cover occupies approx.
67% of the catchment. The potential sources of pollution in the
Mata Panew watershed are mainly: agriculture activity, urban
and domestic sewage. The 68 dumping sewage locations are
documented within the watershed. An excessive algae growth
and eutrophication process appear, primarily due to phosphorous
compound. Besides the biogenic content a toxic contamination
is present including heavy metals, especially extremely high
cadmium concentrations in sediments.

The sampling region was Turawa Impoundment Lake where
lake water, groundwater and bottom sediments were collected
as samples. Surface and groundwater samples were taken also
from the entire Mala Panew River basin. This region was selected
for a pilot project among other 14 objects from the Odra river
catchment within the large-scale program called “The ecologi-
cal state of barrier lakes in the Odra river basin and conducted
works towards its improvement.” Such a multidisciplinary re-
search project for assessing ecological conditions of the reser-
voir was carried out thanks to the Government Coordinator of
the Odra Programme 2006. The 10 working teams representing
scientific institutes and companies from Poland and abroad were
involved in complex explorations of the lake (29, 30). The aim
of the studies is the evaluation of the Turawa Lake ecosystem
in order to design and manage the remediation procedures (31).
The investigations of surface and groundwater conditions (water
sampling, water flow and water level measurements) were de-
veloped among several other tasks that were made in the project.

The necessity of carrying out a full monitoring campaign
results from the lack of any official information on pollution,
influence of specific pollutants or their combination during eu-
trophication processes. By the way this is a similar situation
with many Bulgarian catchments and the active participation
of scientists from both countries (Poland and Bulgaria) in this
particular project is of vital importance for many ecosystems in
both countries.

Sampling and Sample Testing

The water samples from the region were separated between
surface water samples, sediment core water samples and ground-
water samples. Altogether 154 samples were tested (62 surface
water samples, 58 groundwater samples and 34 sediment sam-
ples; in the latter case the samples were the core water collected
from the sediment). Two water sampling campaigns were con-
ducted, the first one in November 2003 and the second one in
May 2004 (32). The major drilling campaign in the bottom of the
lake was carried out in the period between June and September
2004.

Thirty-three chemical and physicochemical parameters were
analysed (pH, conductivity, dissolved oxygen, biological oxygen
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demand BODs, chemical oxygen demand COD, chloride, sul-
fate, dissolved silica, ammonia nitrogen, nitrate nitrogen, nitrite
nitrogen, Kjeldahl nitrogen, phenols, anionic detergents, total
iron, mercury, lead, copper, nickel, zinc, cadmium, manganese,
total chromium, chromium (VI), magnesium, sodium, potas-
sium, calcium, alkalinity, total hardness, turbidity, total content
of solutes, and suspended matter). As seen the chemical analysis
includes the standard water quality parameters, heavy metals,
some organic components. The analytical methods used were
potentiometry (pH, dissolved oxygen, BODs), conductometry
(conductivity), titrimetry (CODyy,, chloride, Ca, alkalinity, to-
tal hardness), gravimetry (sulfate, total content of solutes, sus-
pended matter), colorimetry (dissolved silica, ammonia nitro-
gen, nitrate nitrogen, nitrite nitrogen, Kjeldahl nitrogen, phenols,
anionic detergents, total Fe), flame atomic absorption spectrom-
etry (Cu, Ni, Zn, Mn, total Cr, Cr (VI), Mg, K), flame atomic
emission spectrometry (Na), electrothermal atomic absorption
spectrometry (Pb, Cd), cold vapour atomic absorption spectrom-
etry (Hg), absorption spectrophotometry (turbidity). No special
description of the analytical methods and their parameters is
given since they are well known and widely used as standard
procedures in water analysis.

The next step in the sample testing was the performance of
a series of measurements allowing for an assessment of acute
and chronic toxicity of all samples taken. Acute toxicity was
determined by the use of ToxAlert 100 (33) and Microtox Model
500 (34). As bioindicator organisms the bioluminescent bacte-
ria from the comma bacillus group (Vibrio fischeri class) were
applied. Toxicity measurements were conducted in accordance
with the requirements of PN-EN ISO 11348 standards (35, 36).
Additionally, the determination of the toxicity of water sam-
ples included microbiotests performed by application of Daphna
magna crustacean in order to determine the acute toxicity (Daph-
toxkit F magna) according to PN-EN ISO 6341 (37) as well as
chronic toxicity, tested in accordance with ISO 10706 norms
(38).

The numerical measures of the toxicity test for acute or
chronic toxicity and for both types of organisms were the exper-
imental values for:

¢ Bioluminescent inhibition (high values are indication
for higher toxicity);

Mobility inhibition (same as above);

Reproduction inhibition (same as above);

Mortality (same as above);

ECygs0)—the concentration of a sample that causes
20% or 50% of the maximal biological response, e.g.,
inhibition of bioluminescence, mobility or reproduc-
tion; low values indicate high toxicity and high values—
lack of toxicity.

Two sets of monitoring results were constructed: the first one
containing only chemical and physicochemical parameters for
assessment of the water quality, and the second one with addition

of the sample acute and chronic toxicity data. These sets were
then subject to chemometric analysis.

Chemometric Methods

Cluster analysis (CA) and principal components analysis
(PCA) were used for multivariate statistical modeling of the
input data (39, 40). The main goal of the hierarchical agglom-
erative cluster analysis is to spontaneously classify the data
into groups of similarity (clusters) searching objects in the n-
dimensional space located in the closest neighborhood and to
separate a stable cluster from other clusters. Usually, the sam-
pling sites are considered as objects for classification, each one
determined by a set of variables (chemical concentrations). It
is also possible to search for links between the variables turned
to objects of classification. In order to achieve this a series of
procedures is necessary:

1. Normalization of the raw input data to dimensionless units in
order to avoid the influence of the different range of chemical
dimensions (concentration);

2. Determination of the distance between the objects of clas-
sification by application of some similarity measure, e.g.,
Euclidean distance or correlation coefficient;

3. Performing appropriate linkage between the objects by some
of the cluster algorithms like single, average or centroid link-
age;

4. Plotting the results as a dendrogram;

5. Determination of the cluster significance by 0.33 Dy, or
0.66 Dy« criterion;

6. Interpretation of the clusters both for objects and variables.

Using cluster analysis one could display the object similarity
in a reliable way to make the initial interpretation of the data
set structure. But a more reliable display method proves to be
PCA. It enables the reduction of the dimensionality of the space
of the variables in the direction of the highest variance of the
system, new variables being linear combinations of the previous
variables, replacing the old coordinates of the factor space. The
new coordinates are called latent factors or principal compo-
nents. The interpretation of the new factors is the main goal of
the chemists since they deliver useful information about latent
relationships within the data set. The results are indicated by
two sets—factor scores giving the new coordinates of the factor
space with the location of the objects and factor loadings provid-
ing information on the relationship between the variables. Only
statistically significant loadings (>0.70) are important for the
modeling procedure.

The new principal components (latent factors) explain a sub-
stantial part of the total variance of the system for an adequate
statistical model. Usually, the first principal component (PC1)
explains the maximal part of the system variation and each ad-
ditional PC has a respective contribution to the variance expla-
nation but with less significance.
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A reliable model requires normally such a number of PCs,
so that over 75% of the total variation can be explained. In our
modeling we have applied the Varimax rotation mode of PCA
that allows a better explanation of the system in consideration
since it strengthens the role of the latent factors with higher
impact on the variation explanation and diminishes the role of
PCs with lower impact.

In order to understand the contribution of each latent fac-
tor to the total mass of the chemical components in the surface
water, an apportioning model is offered. The source apportion-
ing follows the approach of Thurston and Spengler (41) that
uses multiple regression of the total mass on the absolute prin-
cipal components scores (APCS) obtained by the performance
of PCA.

All calculations were performed by the use of the software
package STATISTICA 6.0.

RESULTS AND DISCUSSION

Physicochemical Quality Parameters

The input data of the monitoring of the three different water
systems were at first treated separately: surface water samples;
sediment core water sample; groundwater samples. The appli-
cation of principal components analysis (PCA) to these three
data subsets aimed the identification of latent factors responsi-

ble for the data structure and, possibly, representing the emission
sources for each subset. A Varimax-normalized mode of PCA
was used in the chemometric treatment. In Tables 1-3, the factor
loadings are shown for each type of sampling. The statistically
significant loadings are marked for better interpretation. It is im-
portant to note that not all variables were involved in the chemo-
metric analysis. Some of them indicate almost or constant level
throughout the monitoring period and for all monitoring sites,
for others there is serious lack of information (missing data).
That is why a careful selection of significant variables for each
type of samples was undertaken and only the chosen ones were
included in PCA.

Surface Water Phase. Five latent factors are found to ex-
plain 83.5% of the total variance of the system (62 samples were
interpreted with 22 variables; from the set the variables with al-
most constant concentration were eliminated; also variables with
many missing results were not involved). It is readily seen that
the latent factors are as follows:

PC1 (explained variance 25.1%) includes the following strong
correlated variables:

Conductivity (COND), sulfate (SO4), calcium (Ca), alkalinity
(ALK), total hardness (THARD), total dissolved solutes
(TDS);

PC2 (explained variance 24.3%) includes the following strong
correlated variables:

TABLE 1
Factor loadings for surface water samples (all significant loadings are marked)

Parameter PC1 PC2 PC3 PC4 PC5

pH 0.124 —0.095 0.092 —0.817 0.190
COND 0.861 0.495 0.009 0.045 0.038
BOD 0.094 0.635 0.322 —0.294 0.100
COD —0.027 0.197 0.886 —0.146 0.052
CL 0.169 0.872 0.068 0.026 —0.043
S04 0.899 0.039 0.049 —0.112 0.137
DIS_SI 0.046 0.148 —0.010 0.863 0.179
NH4_N 0.227 0.864 0.053 0.228 —0.001
NO3_N 0.284 —0.183 —0.145 0.012 0.811
NO2_N —0.122 0.156 0.116 —0.083 0.838
KJEL_-N 0.251 0.855 0.203 0.180 0.015
TOT_FE —0.038 0.047 0.795 0.542 —-0.019
MN 0.006 0.303 0.424 0.713 —0.128
MG 0.312 0.750 0.053 —0.038 —0.035
NA 0.172 0.881 0.016 0.233 —0.108
K —0.078 0.836 —0.106 0.205 0.108
CA 0.967 0.101 0.032 —0.061 —0.020
ALKAL 0.896 0.295 0.067 0.046 —0.168
TOT_HARD 0.981 0.073 0.055 —0.038 0.001
TURB 0.055 0.092 0.836 —0.097 0.103
TOT_SOL 0.910 0.272 0.063 0.062 0.182
SUSP_MAT 0.205 —0.065 0.905 0.168 —0.055
Expl. var (%) 25.1 24.3 15.2 11.7 7.2
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TABLE 2
Factor loadings for sediment core water samples (all significant loadings are marked)

Parameter PC1 PC2 PC3 PC5 PC4 PCo6 PC7

pH -0.177 0.067 —0.546 —0.013 —0.138 0.639 0.098
COND 0.200 0.872 0.062 0.069 0.336 0.050 —0.123
BOD 0.378 0.347 0.687 0.043 0.241 —0.159 0.145
COD 0.882 —0.059 0.040 0.127 0.030 0.087 0.236
CL 0.162 —0.022 0.129 —0.043 0.871 —0.018 —0.079
SO4 —0.139 0.806 —0.170 0.030 —0.333 0.214 —0.117
DIS_SI 0.180 —0.169 —0.017 0.096 —0.058 0.063 0.885
NH4_N 0.823 0.174 0.204 —0.008 0.351 0.044 —0.015
NO3_N 0.597 —-0.077 0.636 0.104 —0.019 0.023 —0.185
NO2_N 0.936 0.015 —0.025 —0.047 —0.052 —0.084 —0.061
KJEL.N 0.905 —0.129 0.115 0.052 0.054 0.036 0.133
PHEN 0.280 —0.446 0.152 0.266 —0.080 0.079 —0.166
TOT_FE 0.163 —0.006 0.753 —0.393 0.197 —0.110 0.107
PB 0.869 0.142 0.361 —0.038 0.034 0.008 0.009
CU 0.758 0.081 0.173 —0.398 —0.063 0.030 0.313
NI 0.121 —0.101 0.048 —0.913 —0.086 0.012 0.043
ZN 0.693 0.489 0.250 0.048 —0.006 0.129 —0.007
CD —-0.071 0.020 —-0.079 0.099 —0.028 —-0.879 0.043
MN —0.012 0.018 0.048 —0.898 0.101 0.109 —0.068
MG 0.162 0.906 0.025 0.018 0.181 —0.043 —0.179
NA 0.019 0.146 —0.076 —0.072 0.912 0.080 —0.040
K 0.580 0.366 —0.007 0.147 0.386 —0.197 —0.138
CA 0.892 0.121 0.128 —0.285 0.054 —0.175 0.075
ALK —0.053 0.412 0.177 0.124 0.674 —0.168 0.057
TOT_HARD 0.723 0.160 0.050 —0.230 0.079 -0.505 0.153
TURB 0.241 —0.188 0.181 -0.500 —0.090 —0.318 0.661
TOT_SOL 0.339 0.791 0.162 0.097 0.206 —0.172 —0.018
SUSP_MAT 0.070 —0.039 0.862 —0.010 —0.060 0.091 0.015
Expl. var (%) 27.1 14.1 10.6 9.0 10.0 6.5 5.8

Ammonia nitrogen (NHy), Kjeldahl nitrogen (Kjel N), magne-
sium (Mg), sodium (Na), potassium (K), biological oxygen
demand (BOD), chloride (Cl);

PC3 (explained variance 15.2%) includes the following strong
correlated variables:

Chemical oxygen demand (COD), total iron (TOT Fe), turbidity
(TURB), suspended matter (SUSP);

PC4 (explained variance 11.7%) includes the following strong
correlated variables:

pH, dissociated silica (Dis Si), manganese (Mn);

PCS5 (explained variance 7.2%) includes the following strong
correlated variables:

Nitrate nitrogen (NOs3), nitrite nitrogen (NO»).

In the first latent factor, predominantly chemical components
responsible for the formation of the water hardness are included
with high factor loadings. We assume that this factor has a major
impact on this important quality parameter and its conditional

name is “water hardness.” The significance of the factor load-
ings for parameters related to the biological processes in the
surface water phase in PC2 allows the assumption that this is a
“biological” factor. Further, PC3 could be conditionally named
the “water turbidity” factor, due to the strong correlation be-
tween the quality parameters turbidity, suspended matter and
total iron content. The fourth latent factor is conditionally named
“acidic” and the last one— “anthropogenic.” In general, natu-
ral factors, which are related to the water quality, are PC1 and
PC3, since the other three indicate an anthropogenic impact. The
low and constant concentration of heavy metals does not allow
selecting of tracers for more specific types of pollution.

Sediment Core Water Phase. Seven latent factors are found
to explain 85.1% of the total variance of the system (34 samples
were interpreted with 27 variables; it is important to note that in
this case many heavy metals are included since they have differ-
ent concentrations for different sites and monitoring periods).
They could be presented as follows:
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TABLE 3

Factor loadings for underground water samples (all significant loadings are marked)
Parameter PC1 PC2 PC3 PC4 PC5 PC5
COND 0.277 0.938 0.051 0.005 0.087 —0.017
BOD 0.821 0.196 0.372 —0.081 0.019 0.177
COD 0.925 0.104 0.276 0.109 —0.013 0.019
CL 0.048 0.848 0.040 0.051 0.157 0.169
SO4 0.085 0.786 0.221 0.063 —0.061 —0.274
DIS_SI —0.221 0.090 —0.207 0.464 0.236 —0.561
NH4 N 0.289 0471 0.051 0.456 —0.149 0.164
NO3.N 0.010 0.140 —0.113 —0.856 —0.017 0.009
NO2_N —0.017 0.092 0.772 0.179 —0.059 0.095
KIJEL_.N 0.951 0.128 0.173 0.084 —0.027 0.015
PHEN 0.704 —0.036 0.074 0.015 —0.076 0.553
TOT_FE 0.649 0.081 0.666 —0.131 0.165 —0.010
PB 0.169 0.033 0.814 —-0.074 —0.015 —0.011
ZN 0.088 0.027 —0.004 0.134 0.928 —0.005
MN 0.586 0.113 0.430 —0.351 0.063 —0.052
MG 0.264 0.859 0.007 —0.140 0.060 —0.099
NA 0.032 0.850 —0.049 —-0.016 0.111 0.117
K —0.032 0.366 —0.030 —-0.159 0.703 0.123
CA 0.927 0.180 0.085 0.071 0.079 0.048
ALK 0.258 0.523 —0.140 0.389 0.036 0.035
TOT_HARD 0.052 0.018 0.013 0.094 0.171 0.819
TURB 0.459 0.040 0.847 —0.005 —0.057 0.053
TOT_SOL —0.188 0.828 0.236 —0.155 0.094 —0.086
SUSP_MAT 0.484 0.069 0.831 0.023 0.025 0.018
Expl. var (%) 22.6 21.5 15.6 6.7 6.6 6.3

PC1 (explained variance 27.1%) includes the following strong Na, ClI, ALK.

correlated variables:

COD, NH4, NO3, NO», Kjel N, K, Pb, Cu, Zn, Ca, THARD.
The interpretation of this particular latent factor is not sim-
ple since it includes many variables with high factor load-
ings. It is obvious that anthropogenic (Pb, Cu, Zn, NO3,
NO,) impacts are mixed with biological (NH4, Kjel N) and
even natural (Ca, THARD). The conditional name could be
“mixed factor.”

PC2 (explained variance 14.1%) includes the following strong
correlated variables:

COND, SO4, Mg, PHEN. It is interesting that the high factor
loading for phenols (PHEN) is negative, so the phenol con-
centration is contrasting the other three concentration levels.
This is probably an indication for the different way of ab-
sorption of organic and inorganic compounds on the bottom
sediments. The conditional name offered is “organic and
inorganic salt factor.”

PC3 (explained variance 10.6%) includes the following strong
correlated variables:

TOT Fe, SUSP MAT, BOD.
PC4 (explained variance 10.0%) includes the following strong

correlated variables:

PC5 (explained variance 9.0%) includes the following strong
correlated variables:
Mn, Ni.

The last three factors (PC3, PC4, and PC5) need a common
interpretation. It is clear that they reflect the influence of the
bottom sediment constitution (major components Fe, Mn, Ni)
and, probably, a marine impact (Na, Cl). Moreover, the factor
loading for total iron in PC 5 is also relative high. Therefore,
this group of latent factors could be considered as one possible
source for determination of the sediment core water state and
may be conditionally named “sediment bulk impact.”

Additional proof to this assumption is the very close percent-
age of explained variance by each one of the group members.

PC6 (explained variance 6.5%) includes the following strong
correlated variables:

pH, Cd.

PC7 (explained variance 5.8%) includes the following strong
correlated variables:

Dis Si, TURB.
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The last two latent factors describe a small part of the total
variance but are still sufficient in order to be taken into account.
They indicate the role of the acidity and turbidity of the sediment
core water samples and could be conditionally named “acidic”
and “turbidity” factor, respectively.

Underground Water Phase. Six latent factors are found to
explain 79.0% of the total variance of the system (58 samples
were interpreted with 25 variables). They could be presented as
follows:

PC1 (explained variance 22.6%) includes the following strong
correlated variables:

BOD, COD, Kjel N, PHEN, Ca, Mn

PC2 (explained variance 21.5%) includes the following strong
correlated variables:

COND, Cl, SO4, Mg, Na, Tot Sol, NH4, ALK

PC3 (explained variance 15.6%) includes the following strong
correlated variables:

NO2, Pb, TURB, Susp Mat, Tot Fe

PC4 (explained variance 6.7%) includes the following strong
correlated variables:

NO3

PCS5 (explained variance 6.6%) includes the following strong
correlated variables:

Zn, K

PC6 (explained variance 6.3%) includes the following strong
correlated variables:

THARD, Dis Si

120

100

80 }

In this set of underground water samples the latent factor
interpretation is quite difficult. On one side, the explained vari-
ance of the system even with 6 factors is relatively low, which is
an indication for the complex character of the samples. On the
other hand, the relation between number of samples and num-
ber of variables on the set is not quite favorable for chemometric
analysis. Besides, the natures of the factors are different com-
pared to the other two phases. Conditionally the latent factors
could be named (due to the level of factor loadings) “biological,”
“soil impact,” “turbidity,” “nutrient,” “salt,” and “hardness,”
respectively.

It is evident that the three different phases reveal a differ-
ent pattern of factors responsible for the data structure and,
hence, different influences from the environment on their quality
parameters. This assumption was proven by the application of
cluster analysis. Ward’s method of linkage (squared Euclidean
distance as similarity measure) was applied to detect similarities
or dissimilarities between all 154 samples (object of clustering)
from the different water phases. The dendrogram obtained (Fig.
1) reveals clearly the three various clusters (groups of similarity).

Cluster 1 contains dominantly samples from surface water,
cluster 2 from sediment core water, and cluster 3 from under-
ground water. This clear difference between the water phases
with respect to the patterns forming the water quality confirms
the output from the PCA. It is expected that the addition of the
results of the toxicity tests for acute and chronic toxicity may
present more information about the water quality in addition to
the separation by phases.

» o«

60 |

Cluster 2

Cluster 1

(Dlink/Dmax)*100

40}

Cluster 3

20 | |
0 L "

FIG. 1. Hierarchical dendrogram for all samples from Turawskie region.
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TABLE 4
Apportioning (in %) for some water quality parameters
COND S04 T_FE K CA ALK TURB THARD
PCI1(s) 67.2 80.9 — — 65.4 70.2 69.1 94.3
PC2(s) 21.4 — — 61.4 21.2 13.7 14.5 —
PC3(s) — — 493 — — — — —
PC4(s) — — 40.7 13.8 — — — —
PC5(s) — 7.5 — 17.1 — — 9.2 —
Intcpt 114 11.6 10.0 7.7 13.4 16.1 7.2 5.7
PCl(c) 10.8 — 10.4 34.6 69.1 — 4.4 56.6
PC2(c) 54.1 68.9 — 50.3 12.9 7.8 53 21.2
PC3(c) — — 532 — — 10.1 6.1 —
PC4(c) 12.6 — - 10.2 8.4 57.3 — 9.7
PC5(c) — — 9.8 — 7.1 6.7 4.9 6.4
PC6(c) - 13.7 — — — — 5.7 —
PC7(c) — — 8.9 — — — 55.3 —
Intcpt 22.5 17.4 17.7 4.9 2.5 18.1 18.3 6.1
PCl(u) 10.2 — 443 — 59.8 12.6 10.7 —
PC2(u) 81.6 74.4 — 21.1 232 57.3 — —
PC3(u) — 16.7 46.1 — — — 64.5 —
PC4(u) — — — — — 19.1 — —
PC5(u) — — 4.2 65.6 — — — 19.5
PC6(u) — — — 6.2 — — — 67.7
Intcpt 82 8.9 54 7.1 16.8 11.0 24.8 12.8

The final part of the chemometric assessment of the water
quality includes an apportioning procedure to show the con-
tribution of each identified latent factor to the formation of
the total concentration of each physicochemical parameter. The
apportioning is performed by the use of the Thurston—Spengler
approach. The results (in% contribution) for selected parameters
from each water phase (s, surface water; ¢, core sediment wa-
ter; u, underground water) are presented in Table 4. It should be
remembered that each PC in the table represents a latent factor
with a conditional name.

The regression models presented are adequate, and they show
a very good fit between “measured” and “calculated by the
model” results (R> > 0.75). The unexplained part of the total
concentration of a certain parameter is indicated by the value of
the regression intercept. The results in Table 4 do not need special
comments but it is readily seen that, for instance, the total con-
centration of calcium in surface water is explained dominantly
by contribution of “water hardness” factor (65.4%) and “bio-
logical” factor (21.2%) and the unexplained part is 13.4%. For
the same parameter in core sediment water samples, the main
contributions have more factors—“mixed” (including a series
of parameters inclusive water hardness), “organic and inorganic
salt”, “sediment bulk” (including sediment constitution impact
and marine impact). For the third phase, underground water, the
“biological” and “soil impact” factors determine the apportion-
ing results (59.8% and 23.2%, respectively). Again, a different
configuration of influences makes the calcium pattern for the

underground water phase. The same interpretation scheme has
to be applied to each of the parameters.

Physicochemical and Toxicity Quality Parameters

It was of substantial importance to link the chemometric re-
sults for the physicochemical parameters with data from the tox-
icity tests. Since for many samples the values of the toxicity are
equal and indicate lack of toxic effects, a real multivariate statis-
tical approach (combining monitoring data for physicochemical
and toxicity parameters simultaneously) is not reliable due to the
strongly reduced number of cases in the data set matrix. Still, a
lot of important information on the toxicity of the various water
phase samples could be derived by the use of correlation analy-
sis of samples with proved high toxicity and respective chemical
content.

The higher toxicity values (for the whole environmental sys-
tem including surface, sediment core and underground water)
for acute toxicity tested by Vibrio fischeri bacteria are corre-
lated mainly to pH, conductivity, ammonia nitrogen, Kjeldahl
nitrogen, anionic detergents and some metals (Pb, Cu, Zn, and
Mn), e.g., to acidic, biological and anthropogenic latent factors
identified by PCA. This is a logical output since these particular
factors are obviously responsible for acute toxicity increase in
some of the sampling and monitoring periods.

For the acute toxicity tested by Daphna magna crustacean,
an enhanced level of correlation with pH, conductivity, chlo-
ride, phenols, alkalinity, sodium, potassium and magnesium is
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observed. In this case the impact of latent factors like acidity,
organics and marine salts contributes to the effects of inhibition
of reproduction. The increased concentrations of the chemical
parameters for the period with registered high toxicity reveals
their role for the formation of the new quality parameter of acute
toxicity. Formally speaking, these levels of chemical concentra-
tions are within the limits of allowable thresholds but, probably,
their joint influence affects seriously the acute toxicity tested by
Daphna magna.

It proved to be more difficult to assess the chronic toxicity in
the environmental system of Turawskie water reservoir. Slightly
enhanced correlations are observed between the chronic toxi-
city test values and the other water quality parameters. Still,
correlation could be reported for chloride, phenols and anionic
detergents. These are typical pollutants for water environment
and obviously form the background of existing of long-term tox-
icity, although their values measured seem not to be threatening.

CONCLUSION

The water quality assessment carried out by the use of multi-
variate statistical methods has indicated that the monitoring data
should be estimated in a multiple way in order to reveal the real
situation with a certain environmental system or phase. Thus,
the toxicity effects (acute or chronic) can be readily explained
not only by the traditional chemical pollution impact but also
as results of specific processes and phenomena in the specific
environment. Obviously, the information about all possible in-
teractions in a complex environment becomes available only in
the case of multivariate assessment approach.
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